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Abstract 

This research aimed 1) to explore alternative renewable energy solutions for airports 
in the United Arab Emirates (UAE), 2) to assess the feasibility of integrating renewable energy 
into UAE airport infrastructure, and 3) to analyse the potential of Piezoelectricity as an 
alternative energy source for airports. The research examined current renewable energy 
adoption in the UAE aviation sector, evaluating factors such as environmental impact, 
economic viability, and scalability. A comprehensive analysis of renewable technologies was 
conducted, followed by a SWOT analysis to assess their application within airport operations.  

The findings indicate that 1) Piezoelectricity is a viable alternative energy source for 
airports, with benefits such as minimal environmental impact, low maintenance, and versatile 
implementation in airport applications like runways; 2) Circuit simulations confirmed 
Piezoelectricity’s potential, though challenges remain, including the need for more durable 
materials and optimized energy conversion efficiency. 3) In comparison to solar, wind, and 
hydropower, Piezoelectricity presents unique advantages in airport settings, though further 
research is needed to enhance its efficiency and scalability. The study provides valuable 
insights for stakeholders and policymakers, providing a roadmap for the sustainable integration 
of renewable energy in airports and aligning with the UAE’s sustainability objectives for the 
aviation industry. 
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Introduction 

The growing aviation sector in the United Arab Emirates (UAE) presents a significant 
challenge in balancing global connectivity with environmental sustainability. As the UAE 
continues to develop as a global aviation hub, the emissions from the aviation industry 
contribute considerably to the nation's greenhouse gas (GHG) output, exacerbating climate 
change. In 2020, the UAE's CO2 emissions rose to 4.9 billion tonnes, reflecting a 73% increase 
from 2010, with aviation playing a significant role. Past research, such as studies by Hannah 
Ritchie, Max Roser, and Pablo Rosado (2020), highlights the interconnected rise in population 
and energy demand, further intensifying the environmental impact. The UAE’s energy 
consumption, heavily reliant on fossil fuels, underscores an urgent need for alternative 
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solutions to reduce GHG emissions, especially within high-energy sectors like aviation. Despite 
efforts such as the UAE National Energy Strategy 2050, there remains a gap in exploring 
effective energy alternatives for reducing the aviation sector's carbon footprint. While 
renewable energy sources, such as solar power, have made significant progress in the UAE, 
further research is required to explore less conventional energy solutions within the airport 
infrastructure to mitigate these challenges. 

This research focuses on the need to reduce aviation-related emissions and energy 
consumption, particularly within the UAE's airport infrastructure. Airports are critical energy 
consumers and contribute significantly to the UAE’s GHG emissions. Researchers have explored 
several renewable energy sources, such as solar, wind, and biofuels, but have only scratched 
the surface of alternative technologies like piezoelectric systems. The study builds on the 
researchers’ experiences in renewable energy technologies and examines the integration of 
piezoelectric systems into airport pavements to harness energy from aircraft movements. This 
research targets policymakers, aviation authorities, and renewable energy researchers to 
explore innovative solutions for sustainable energy use in airports. 

This research paper aims to investigate the potential of piezoelectric technology to 
reduce energy consumption and emissions in UAE airports. By focusing on how, where, and 
when piezoelectric systems can be integrated into airport infrastructures, particularly in runway 
pavements, the study seeks to assess the feasibility, efficiency, and economic viability of this 
energy solution. The paper also compares piezoelectricity to other renewable energy 
alternatives currently in use, offering insights into its long-term sustainability. The findings are 
expected to provide valuable recommendations for academia and industry, advancing 
sustainable practices in the aviation sector and contributing to the UAE’s commitment to 
reducing its carbon footprint and achieving global sustainability goals. 
 
Research Objectives 

1) to explore alternative renewable energy solutions for airports in the United Arab 
Emirates (UAE) 

2) to assess the feasibility of integrating renewable energy into UAE airport 
infrastructure 

3) to analyse the potential of Piezoelectricity as an alternative energy source for 
airports 
 
Literature Review 

The literature review provides a comprehensive exploration of existing knowledge and 
research pertaining to renewable energy applications in airports, with a particular focus on the 
United Arab Emirates. The review aims to provide a thorough understanding of the historical 
development, current state, and prospects of renewable energy integration within the aviation 
industry. 
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1) ICAO Policies and Practices Related to Sustainability in Aviation 
During its 41st assembly session in 2022, the International Civil Aviation Organization 

(ICAO) reinforced its commitment to sustainability by adopting Resolution A41-21 and 
launching the Long-Term Global Aspirational Goal (LTAG), aiming for net-zero carbon emissions 
by 2050. ICAO's initiatives focus on enhancing aircraft technology, promoting sustainable 
aviation fuels (SAF), and implementing the Carbon Offsetting and Reduction Scheme for 
International Aviation (CORSIA). CORSIA allows airlines to offset emissions through carbon 
markets and sustainable fuels when reductions through technology or SAF are not feasible. 
SAF, derived from renewable sources, play a central role in ICAO’s efforts, with LTAG Task 
Group (LTAG-TG) reports indicating that SAF can significantly reduce aviation emissions by 2050. 
ICAO’s strategies include establishing global environmental standards, implementing SAF 
policies, and providing capacity-building support through the ACT-SAF program. Additionally, 
ICAO promotes information sharing and best practices via seminars, the SAF guide, and the 
Global Framework for Aviation and Alternative Fuels (GFAAF). In 2016, the UAE voluntarily 
joined CORSIA's pilot phase, involving major airlines such as Emirates, Etihad, Flydubai, and Air 
Arabia. The UAE's commitment to CORSIA was reinforced through workshops and small-scale 
projects aimed at ensuring compliance and readiness, demonstrating the country's dedication 
to global aviation sustainability (ICAO.). 

2) Aviation Greenhouse Emissions 
Aviation remains a controversial topic in discussions about climate change due to two 

key factors. First, there is a disconnect between air travel and individual carbon footprints, 
with aviation contributing only 2.5% of global carbon dioxide (CO2) emissions. However, this 
figure masks the disparity between frequent flyers and the large portion of the population 
that either cannot afford or chooses not to fly. Second, carbon emissions from aviation are 
categorized separately. Emissions from international flights are classified as “bunker fuel” and 
are not attributed to any specific country’s emissions profile, but instead fall under the 
jurisdiction of ICAO. Despite some aircraft using biofuels, the aviation industry still 
predominantly relies on traditional jet fuel, which results in significant CO2 emissions. ICAO is 
responsible for regulating international aviation emissions, while individual countries manage 
emissions from domestic flights and airport operations. 

3) Renewable Energy in Airports 
Energy usage in the aviation sector is divided between airport operations and aircraft 

activities. Airports, particularly large-scale ones, function like small cities, requiring substantial 
infrastructure, including water, roads, and electricity, to support the flow of travellers and 
cargo. Smaller airports often depend on localized resources, making their energy needs more 
unique. Energy costs are significant for airports, typically accounting for 10% to 15% of their 
operational budgets in the United States, second only to personnel costs. Larger airports, 
though consuming the most energy, often demonstrate higher efficiency on a per-passenger 
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basis. Airports source heating fuel and electricity externally, with energy derived from gas, oil, 
coal, nuclear, or renewable sources such as solar, wind, and hydropower. Electricity powers 
various airport operations, including lighting, radar, and computer systems. Aircraft at gates are 
powered either by their auxiliary power units (APUs), ground support equipment (GSE), or 
electricity from the terminal. Advances in technology have made renewable energy 
increasingly viable for airports. The most effective sources for electricity generation include 
solar photovoltaics (PV), wind power, hydroelectricity, and geothermal energy, providing 
efficient solutions to meet airports' energy demands. 

4) Existing Renewable Energy In UAE 

 
Figure 1 Electricity and Renewable Energy Sources in the UAE (AENERT) 

The prevalent solar Direct Normal Irradiance (DNI) intensity ranges from 5.5 to 5.7 
kWh/m2 per day and is found in the southern region of the country. Meanwhile, the prevailing 
wind speeds, exceeding 5.5 m/s annually at a height of 50 meters, are distributed in the north-
eastern part of the country, along the Gulf of Oman coastline, and in the north-western part 
of the country, along the Persian Gulf coastline. In 2019, the installed generating capacity for 
electricity in the United Arab Emirates amounted to 32.3 gigawatts (GW). (AENERT) 

5) Renewable Initiatives of UAE for Aviation 
In May 2023, Emirates Airlines committed $200 million over three years to fund 

research and development (R&D) in sustainable aviation technologies, marking the largest 
single sustainability investment by any airline. Emirates aims to accelerate the development 
of alternative fuel and energy technologies, acknowledging that current efforts to decarbonize 
air travel are insufficient. This follows a successful test flight powered by 100% Sustainable 
Aviation Fuel (SAF), as Emirates pushes for regulatory approval to use SAF in commercial flights. 
The airline plans to explore alternative decarbonization pathways and collaborate with various 
stakeholders to advance practical solutions for sustainable aviation (Emirates). In a parallel 
effort, Masdar, the UAE’s leading renewable energy company, partnered with Boeing in 
October 2023 to advance the SAF sector globally and within the UAE. This collaboration aims 
to promote SAF adoption, with a focus on innovative accounting principles to overcome 
geographical challenges. SAF, which can reduce carbon emissions by up to 85% over its 
lifecycle, is viewed as the aviation industry's best option for achieving net-zero emissions by 
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2050. Masdar is also developing a green hydrogen-based SAF production pathway, 
strengthening the UAE's position as a leader in sustainable aviation technologies ahead of 
COP28. Both initiatives underscore the UAE's commitment to reducing aviation's environmental 
impact and promoting sustainable aviation fuels as a key driver for the future of aviation 
(Masdar). 

The literature review examines the integration of renewable energy in aviation, 
particularly within the context of UAE airports, emphasizing the global and national policies, 
technological advancements, and ongoing initiatives in sustainable aviation. Drawing from ICAO 
frameworks, the review outlines the commitment to achieving net-zero carbon emissions by 
2050. ICAO’s strategies focus on SAF, and emission offset programs like CORSIA, which the UAE 
has actively embraced. Existing research highlights the challenges of aviation emissions, which 
account for 2.5% of global CO2 emissions, and the sector’s reliance on fossil fuels despite 
some advances in biofuels. 

The review then explores renewable energy adoption in airports, which operate as 
energy-intensive hubs akin to small cities, consuming significant resources for heating, 
electricity, and aircraft support. While solar, wind, and hydroelectricity have been identified as 
viable solutions, the literature review underscores the growing interest in less conventional 
methods like piezoelectric systems. This technology is particularly relevant for airports given 
their unique operational demands and the UAE’s position as a global leader in renewable 
energy initiatives. In addition to exploring existing energy sources like solar and wind in the 
UAE, the review highlights new projects led by key players such as Emirates Airlines and 
Masdar. These initiatives focus on SAF development and research into alternative 
decarbonization methods, showcasing the UAE’s proactive role in addressing the 
environmental impact of aviation. By incorporating these diverse insights, the literature review 
frames the current state of renewable energy use in airports, identifies existing gaps - such as 
the need for innovative infrastructure solutions like piezoelectricity and emphasizes the UAE's 
potential to lead in sustainable aviation advancements. 

Research Methodology 
The methodology employed in this thesis adopts a qualitative method to comprehensively 

analyse alternative renewable energy resources in the UAE's airports. This approach is essential for 
obtaining insights, results, and a comprehensive understanding of the intricate relationships and 
dynamics surrounding renewable energy adoption in airports. The information is as follow:  

- Research Procedure 
- Instrument of data collection  
- Data collection  
- Data analysis 
Research Procedure 
An extensive review on UAE airports' energy consumption, emissions, and sustainability 

practices will be conducted. This includes studying government policies, research papers, and 
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industry reports on airport sustainability and renewable energy. Data will be collected from 
aviation authorities and airport operators, focusing on past and current energy usage, emissions, 
and operational practices within UAE airports. The feasibility of integrating renewable energy 
sources-such as solar, wind, and piezoelectric technologies into airport operations will be assessed. 
This includes evaluating technical viability and economic costs. Specific case studies of renewable 
energy projects in UAE airports will be analysed, highlighting project outcomes, challenges, and 
best practices. A review of energy efficiency technologies and initiatives used in UAE airport 
operations will identify opportunities to reduce energy consumption and emissions. A SWOT 
analysis will be conducted to assess internal and external factors influencing the adoption of 
renewable energy sources in airports. This will provide insights into the strengths, weaknesses, 
opportunities, and threats. Circuit simulation software will be used to virtually model and evaluate 
proposed electrical systems, simulating their performance under various conditions. Based on the 
analysis, theoretical recommendations will be developed to enhance energy efficiency, reduce 
emissions, and promote sustainability in UAE airport operations. This will also address challenges 
in adopting emerging technologies for sustainable airports. 

Instrument of Data Collection 
The research primarily relies on secondary sources for data collection. These include: 
- Government websites for credible, policy-related information. 
- Academic literature from educational institutions for theoretical insights. 
- Industry reports, journals, and local news for up-to-date information and varied 

perspectives. 
Data Collection 
The secondary research method will explore various accessible online sources, 

including government portals, educational databases, and commercial reports. This approach 
ensures a comprehensive examination of available information related to renewable energy 
integration in airports. 

Data Analysis 
The data analysis process will consist of the following steps: 
- Verification: Ensuring the relevance and alignment of collected data with the study’s 

objectives. 
- Content Analysis: Organizing key information from the literature review into relevant 

aspects of the study. 
- SWOT Application: A comparison of different renewable energy sources using SWOT 

analysis to understand the viability and competitiveness of each source. 
- Circuit Simulation: Integration of simulation results to assess the behaviour and 

performance of proposed electrical systems, facilitating detailed analysis and evaluation. 
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Research Result 
In the pursuit of sustainable energy sources within the aviation sector, piezoelectric 

technology has emerged as a promising alternative for reducing environmental impacts. This 
section presents the findings on the feasibility, applications, and potential of piezoelectric 
systems to contribute to renewable energy generation in airports, with a particular focus on 
runways. 

1. Piezoelectric Principles and Applications 
The piezoelectric effect refers to the ability of certain materials to generate an 

alternating current (AC) voltage when subjected to mechanical stress or vibration. Conversely, 
these materials can also vibrate when exposed to an AC voltage. Quartz is a well-known 
example of a piezoelectric material, with similar properties also found in ceramics like 
Rochelle salts. These materials effectively convert mechanical energy, such as vibrations or 
pressure variations, into electrical energy that can be captured, stored, and utilized. In aviation, 
this capability has the potential to revolutionize energy harvesting, offering a renewable power 
source for various applications. Piezoelectricity’s ability to convert energy also has implications 
for precise mechanical functions, such as in actuators or positioning systems within airport 
operations. 

1.1 Piezoelectric Energy Harvesting at the Runway 
One of the key results of this investigation is the potential integration of 

piezoelectric technology into airport runway infrastructure. This concept opens a new avenue 
for harvesting energy from mechanical forces generated by aircraft landings, take-offs, and 
taxiing, making runways a source of renewable energy. 

1.2 Runway-Integrated Piezoelectric Systems 
Energy Harvesting During Aircraft Landings: Aircraft landings exert significant 

mechanical force on the runway surface. By embedding piezoelectric materials beneath the 
runway, this mechanical stress can be converted into electrical energy. This energy can be 
used to power critical systems at the airport, such as runway lighting, navigational aids, and 
other operational equipment, reducing the reliance on traditional electricity sources. Taxiway 
Energy Generation: Similarly, the movement of aircraft along taxiways provides an additional 
opportunity for energy harvesting. The kinetic energy generated by planes taxiing between the 
terminal and runway can be converted into electricity. Equipping taxiways with piezoelectric 
materials can provide a consistent power source for ground operations, airport vehicles, and 
other airport services. 

1.3 Sustainability and Environmental Impact 
The deployment of piezoelectric technology aligns with global sustainability goals, 

reducing the reliance on fossil fuels and minimizing the carbon footprint of airport operations. 
Implementing this technology at runways and taxiways contributes to reducing greenhouse 
gas emissions by generating clean, renewable energy from the natural movements of aircraft. 
By integrating piezoelectric systems, airports can make substantial progress toward 
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sustainability. These systems reduce energy consumption from non-renewable sources, 
potentially positioning airports as self-sustaining energy hubs. The reduced environmental 
impact reflects a shift toward cleaner airport infrastructure, contributing to broader efforts to 
decarbonize aviation. 

1.4 Piezoelectric Viability 
The results indicate that piezoelectric energy harvesting has strong potential to 

supplement renewable energy strategies in UAE airports. The capacity to convert mechanical 
stress from aircraft into electricity is not only innovative but also aligns with sustainability 
goals. The environmental benefits include reduced reliance on conventional energy sources 
and lower greenhouse gas emissions. While further research is needed to explore long-term 
operational efficiency, piezoelectric systems present a valuable solution for integrating 
renewable energy in airports and enhancing their environmental sustainability. 

1.5 Piezoelectric Circuit Design 
The electronic circuit was designed using the online electronic simulator found at 

www.falstad.com/circuit/. In Figure 2, the piezoelectric circuit design is illustrated, with positive 
voltage represented by the green colour, negative voltage by the red colour, and ground 
indicated by the grey colour. 

 
Figure 2 The main piezoelectric energy harvester design 

The circuit components include AC voltage (AC), Capacitor (C1, C2), Resistor (R1, R2, 
R3), Full bridge rectifier, Ground (GND). The circuit also includes a Regulator which consists of 
Supercapacitor (SC), Zener Diode (ZD), PNP transistor (PNP), LED, Voltmeter (V). 

1.6 Circuit Operation 
The system configuration involved capturing energy from the runway pavement 

using an energy harvester. The structure comprises a receiving circuit, a rectifier module, and 
a regulator module. In the receiving circuit, piezoelectric generators convert mechanical energy 
into AC voltage (this AC voltage is generated because of the piezoelectric effect in material 
like quartz or ceramics), which is transmitted through a full-bridge rectifier. Subsequently, the 
rectifier module rectifies (converts) the AC voltage into DC voltage, allowing the current to 
flow in one direction, and the resulting energy is stored in a 1F supercapacitor, functioning as 
an energy storage unit. The regulator module is then controlled by a linear regulator to supply 
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a consistent DC voltage as the rectified DC voltage may have fluctuations. This stored energy 
is further regulated by the linear regulator to deliver a stable DC voltage. The LED represents 
as the load in this circuit, when the DC voltage reaches a sufficient level, it powers the LED, 
causing it to emit light. The output energy from the circuit can power various aviation-related 
systems, such as: 

- Aircraft ground systems, including Ground Power Units (GPU), air conditioning 
units, passenger boarding bridges. 

- Maintenance equipment for routine maintenance repairs, and inspections of 
the aircraft which includes tools and machinery (Integrating the energy harvester with existing 
sustainable power solutions for maintenance equipment at airports). 

- Ground control systems which include software and communication systems 
used by ground control personnel to manage and coordinate aircraft movements on the 
ground. 

- Airfield lighting systems, including runway lights and emergency lighting. 
1.7 Basic Energy Calculations 
The energy stored in the supercapacitor is proportional to the capacitance and the 

open-circuit voltage. The relationship is described by the following equation: 
Ee = ½CVo

2 (Piezo.com. (n.d.)) (All About Circuits. (2018)) 
Where Ee is the stored electrical energy in joules, C is the capacitance in Farads, 

and Vo is the open circuit voltage in volts. Using the stored electrical energy equation, we can 
input circuit values into the formula: Where C is the Supercapacitance = 1 F, Vo is the output 
voltage as shown in figure = 7 V (approx.) Inputting these values into the equation = 24.5 J. 
This calculation demonstrates that approximately 24.5 joules of energy are stored in the 
system, which can be scaled by adjusting the capacitance or the input voltage. 

1.8 SWOT ANALYSIS 
SWOT analysis can be applied to assess internal and external factors influencing the 

adoption of alternative renewable energy in aviation. Table 1 summarises the alternative 
renewable energy for aviation in UAE. 
Table 1 Summarised SWOT Analysis for alternative energy 

Alternative 
Energy 

Strength 
Opportunities (SO) 

Strength 
Threats  

(ST) 

Weakness 
Opportunities 

(WO) 

Weakness Threats  
(WT) 

Piezoelectricity - Ability to be applied 
in other applications 
due to its versatility 
and long-life span 
- Advancements in 
science leading to 
more effective and 
efficient materials 

- Scalability 
issues. 
 

- Encouraging 
prospects to pursue 
the field of 
renewable energy 
due to lack of 
knowledge 

- Choosing other 
forms of renewable 
energy due to 
scalability issues 
- Procurement and 
sourcing of 
piezoelectric 
materials 
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Alternative 
Energy 

Strength 
Opportunities (SO) 

Strength 
Threats  

(ST) 

Weakness 
Opportunities 

(WO) 

Weakness Threats  
(WT) 

Biofuel - Evolution to more 
efficient and effective 
biofuels 
-Transition of existing 
infrastructures 

-Inability to 
produce high 
energy density 
-Product price 
variations 

-Unused spaces of 
land can be used 
for biofuel 
production 

-Low energy density 
despite the 
intensive energy 
production process 

Solar -Development of 
more solar parks due 
to less development 
cost 

-High 
dependability 
on the sun 

-Development of 
technology to draw 
power through solar 
at night 

-Shift in earth’s 
position could 
result major 
radiation changes 

Wind -Spaces and resource 
for wind turbines 
-More efficient turbine 
for energy conversion 

- 
Environmental 
changes can 
alter the 
course of wind 
path. 

-High initial 
investment opens 
international 
investing 
opportunities 

-Potential 
regulatory changes 
can lead to 
decommissioning of 
existing wind 
turbines. 

Hydro -Technological 
advancement allows 
energy storage 

-Water storage 
infrastructure 
cannot be built 
in multiple 
locations 

-Technological 
innovations have 
increased water 
input through 
artificial rains 

-Backlashes of 
artificial rains 
-Least compatible 
with the region’s 
climatic conditions 

Geothermal -Abundant resources 
pave way for more 
energy production 

-Resource 
uncertainty 
despite 
abundance 
lead to 
unexpected 
energy output 

-Water scarcity can 
be tackled using 
the water from the 
sea 

-Preference of other 
alternative 
renewable energy 

Biomass -Abundant waste 
resources lead to 
more waste to energy 
projects and energy 
production 

-Secluded land 
spaces for 
biomass and 
conversion 
facilities are 
limited 

-Biomass can be 
used for biofuel 
production 

-Environmental 
impacts of biomass 
lead to competitive 
energy land uses 

 
Discussion 

Piezoelectric technology distinguishes itself by converting mechanical energy into 
electrical power using materials like quartz or ceramics, with minimal environmental impact. 
Its integration into runway pavements can generate electricity during aircraft operations such 
as taxiing, take-offs, landings, and parking, with potential applications beyond airports, 
including public parking spaces. Though initial costs are significant, the technology's low 
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maintenance requirements make it economically viable in the long term. However, scalability 
and efficiency challenges persist, influenced by the intensity and consistency of mechanical 
stress and the effectiveness of the materials used in energy conversion. The piezoelectric 
circuit design faces several inherent losses, including mechanical-to-electrical energy 
conversion inefficiencies, electrical losses from resistance and leakage currents, and energy 
loss during the AC to DC rectification process. These factors, along with the heating caused by 
energy loss in the form of heat, can affect the system's overall performance and long-term 
reliability. When compared to other renewable energy options like biofuels, solar, wind, 
hydropower, geothermal, and biomass, piezoelectricity offers unique advantages. While 
alternatives like biofuels face challenges related to land use and production efficiency, solar 
and wind energy contend with variability and high initial costs. Hydropower is limited by 
freshwater availability, and geothermal and biomass face their own set of operational and 
resource challenges. Piezoelectricity, however, stands out for its minimal environmental 
impact, government support, and adaptability to various applications. Its simplicity of 
installation and usability make it an appealing renewable energy option, especially in airports. 
Despite its promising potential, addressing challenges such as enhancing material durability, 
improving scalability, and optimizing energy conversion efficiency remains critical for its 
broader adoption. 
 
Conclusion 

In conclusion, the exploration and analysis for sustainable and alternative energy has 
been performed for the airports in the UAE. The piezoelectric technology displayed in the 
circuit design demonstrates its unique ability to convert mechanical energy into electrical 
energy using materials with inherent piezoelectric properties. Its minimal environmental 
impact, especially in airport applications, positions it as an innovative solution for harnessing 
energy from runway pavements during various aircraft activities. The technology is versatile, 
extending beyond airports to applications in public parking spaces. Despite the initial 
implementation costs, its minimal maintenance requirements make it economically viable. 
However, challenges such as scalability for large-scale energy production and variable 
efficiency highlight the need for further development. Based on the research procedure of 
research and simulation it can be concluded that the losses incurred during the energy 
conversion process, circuit components, and rectification phase emphasize the importance of 
continuous improvement in the circuit design. Excessive heating, a byproduct of energy loss, 
necessitates careful consideration of material properties to ensure long-term reliability. The 
significant findings derived from the SWOT analysis, aligning with the thesis’s objective, can be 
summarized as follows:  
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Key Findings from the SWOT Analysis 
- Piezoelectric Energy: Piezoelectricity’s strengths and future prospects. While 

scalability issues persist, its easy installation and maintenance make it a reliable choice for 
airport sustainability. 

- Biofuels: Offers renewable energy with lower emissions with challenges include 
competition from land use and other renewables, resource concerns. Prospects lie in 
efficiency improvements and government support, yet threats include market fluctuations. 

- Solar Energy: Boasts its continuous irradiance surpassing global energy consumption, 
offering emission-free process. Drawbacks exist such as variability in energy generation and 
substantial initial investments. 

- Wind Energy: Consistent wind patterns offer efficient electricity generation and 
economic benefits like job opportunities. Challenges arise from policy changes and other 
energy source competition. 

- Hydropower: Utilizes existing water infrastructure for innovative hydroelectric 
projects and complements other renewables. However, faces challenges from freshwater 
scarcity and its viability due to other renewable competition. 

- Geothermal Energy: Promising alternative, utilizing high temperature reservoirs for 
reliable power generation and diversifies energy sources. Complexities arises when it comes 
to geological location and water scarcity 

- Biomass: Presents environmental and economic advantages by utilizing organic waste 
to generate renewable electricity and biofuels. Drawbacks such as limited land availability and 
energy price fluctuations pose risks to economic viability. 

 
Figure 3 Alternative Renewable Energy for Airport in UAE 

ICAO’s Policy in Sustainable Aviation Fuels (SAF) 
As of 2024, significant progress has been made in the adoption of SAF and Lower 

Carbon Aviation Fuels (LCAF), with 298 SAF and LCAF facilities reported globally. Over 120 
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airports are currently distributing SAF, and several policies have been implemented to 
promote SAF production. The inclusion of new feedstocks and advancements in SAF 
conversion processes will play a critical role in scaling up SAF use, aligning with the aviation 
industry's commitment to reducing carbon emissions. 
 
Suggestions 

To advance sustainable energy initiatives in the UAE, organizations must prioritize 
research and development to enhance piezoelectric technology. Investments should focus 
on developing more durable materials that improve the resilience and longevity of 
piezoelectric systems, enabling them to endure heavy loads, low-frequency stresses, and 
diverse weather conditions. Enhancing energy conversion efficiency, particularly during key 
aircraft movements like taxiing, take-off, and landing, is also critical. Collaboration with 
research institutions to innovate in the integration of piezoelectric materials into infrastructure, 
such as runway pavements, will foster long-term success. Society's adoption of advanced 
piezoelectric technology demonstrates a commitment to environmentally friendly energy 
solutions, significantly reducing greenhouse gas emissions and aligning with global Net Zero 
goals. Integrating piezoelectric systems in airports and urban infrastructures, such as public 
parking spaces, not only generates clean energy but also raises public awareness of renewable 
energy's benefits. For the UAE, embracing piezoelectric technology positions the country as a 
leader in renewable energy innovation within the aviation sector. By investing in piezoelectric 
advancements, the UAE can reduce its carbon footprint while diversifying its energy portfolio. 
Government support through financial incentives and robust policy frameworks will be crucial 
in driving organizational engagement and successful implementation of these technologies. 
Ultimately, the integration of piezoelectric systems will not only boost sustainability efforts 
but also contribute to significant economic growth for the nation. 
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