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Abstract

The rising demand for sustainable transportation has prompted significant interest in the economic
viability of electric aircraft, particularly in short-haul operations. However, while existing studies
highlight cost advantages, there is limited research comparing the financial feasibility of electric aircraft
across distinct operational contexts. This literature review addresses this gap by analyzing the
cost-effectiveness of electric aircraft in three key scenarios: interstate routes or metro-regional deliveries,
dedicated freight missions, and operations in geographically challenging regions. Findings indicate that
electric aircraft offer substantial cost savings, with electricity priced at approximately $0.10 per kWh
compared to jet fuel at $2 to $3 per gallon, making them particularly competitive for regional flights
under 500 miles. In dedicated freight missions, aircraft such as the Eviation Alice operate at
approximately $0.15 per mile—comparable to electric trucks but with the added advantage of bypassing
road congestion. Additionally, electric motors, with fewer moving parts than conventional jet engines,
could reduce maintenance costs by up to 50%. In geographically challenging regions such as Alaska and
the Scottish Highlands, electric aircraft present a viable alternative by reducing reliance on costly ground
transportation networks. While initial infrastructure costs, such as charging stations priced between
$500,000 and $1 million per station, pose a challenge, government incentives and long-term fuel savings
are expected to enhance adoption. This study contributes a comparative assessment of economic viability
across multiple operational settings, emphasizing the role of infrastructure investment and technological
advancements in shaping the future of electric aviation.

Introduction

The future of transportation faces pressing challenges, particularly in reducing emissions while
maintaining cost-effectiveness and accessibility (Lee et al., 2021). Electric aircraft offer a promising
solution but must compete economically with established modes of transportation, including fossil-fueled
aviation, trains, buses, and cars (International Energy Agency [IEA], 2021). These conventional
competitors dominate markets due to their well-developed infrastructure and economies of scale (Brelje &
Martins, 2019). Consequently, understanding the feasibility of electric aircraft—specifically the range,
payload, and cost trade-offs—remains critical to evaluating their potential role in regional passenger
flights, freight operations, and routes challenged by rugged geographical terrains (NASA, 2022).

Extant research demonstrates that, among alternative propulsion options, electric systems often
achieve the highest energy-to-power conversion efficiency, outperforming hydrogen and hybrid systems
under many operational conditions (Airbus, 2020; Brelje & Martins, 2019). Hydrogen-based propulsion
has drawn attention due to its lower mass, but handling challenges arise from hydrogen’s volatility and the
need for specialized storage infrastructure (NREL, 2020). Meanwhile, hybrid systems can be
cost-effective but may introduce mechanical complexities and reliability issues when switching between
electric and combustion power (Brelje & Martins, 2019).
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Unlike hybrid and hydrogen alternatives, electric systems present high efficiency and relatively
more straightforward operational profiles because they run solely on electrical energy (NASA, 2022).
Accordingly, electric aircraft do not have the same mass variation that arises when fuel is burned,
simplifying flight dynamics and making weight calculations more predictable (Brelje & Martins, 2019).
In contrast, hydrogen and hybrid systems experience shifts in mass as fuel is consumed, complicating
performance modeling and operational planning (Airbus, 2020).

Recognizing these factors, this paper explores the economic viability of electric aircraft using
numerical simulations of diverse scenarios. These include short-to-medium-haul regional passenger
flights, freight operations constrained by specific payload requirements, and routes that traverse
challenging terrain. By examining cost trade-offs, range limitations, and potential infrastructure needs,
this study highlights the opportunities and constraints of all-electric propulsion within the broader aviation
ecosystem (Lee et al., 2021; IEA, 2021).
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Figure 1. Predicted Carbon Emissions from Fossil Fuel-Based Aircraft Compared to Electric
Aircraft. This figure illustrates the projected carbon intensity (g CO:¢/RPK) for different energy sources
and emission categories in 2030 and 2050. (The International Council on Clean Transportation, 2022)

Key challenges include calculating energy capacity, battery weight, and flight range. Unlike traditional
planes, which burn fuel and lose weight as the flight progresses, electric planes do not lose weight during
flight (Anderson, 32). The paired t-test results (t = 5.39, p = 0.00296) indicate a statistically significant
reduction in carbon intensity from 2030 to 2050 across all energy sources. This suggests that projected
advancements in renewable energy adoption, battery efficiency, and reduced reliance on Jet A fuel will
lead to meaningful emissions reductions rather than random variations (Figure 1). The findings support
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the feasibility of achieving lower carbon footprints in future air travel through sustainable energy
transitions. Electric planes with batteries do not lose mass. This means they need more energy to fly the
same distance. Current battery technology limits energy and increases weight (Wang et al., 2020).
Engineers face a tough choice: increase battery capacity or decrease weight (Stevens et al., 2016).
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Figure 2. 777-9 Hong Kong Range Map. The map shows a range boundary encircling key cities,
including New York, London, Melbourne, and Cape Town, highlighting the aircraft’s intercontinental
capabilities. (Boeing, 2024).

While the Boeing 777-9 demonstrates the extensive range capabilities of conventional fossil
fuel-based aircraft, evaluating how emerging propulsion technologies, such as electric and hybrid-electric
systems, compare in regional aviation is essential (Figure 2). Unlike long-haul jets, fully electric airliners
are currently limited by battery energy density, making them more suitable for short-haul routes.
Hybrid-electric aircraft, which combine battery power with traditional fuel engines, offer a middle ground
by extending range while reducing emissions. A comparative analysis of these technologies in various
regional contexts can clarify the feasibility and trade-offs in transitioning away from fossil fuel-based
aviation.

Designing electric motors for aircraft requires engineers to consider thrust and efficiency carefully.
The most efficient motors also consume the most battery energy. Engineers must find a design that will
generate as much thrust as possible while still having enough energy for the plane to make the flight.
Furthermore, they are also concerned with the configuration of the motors (i.e., a 4-motor configuration
with 800 kWh compared to a 2-motor configuration with 800 kWh). For instance, some designs may
prioritize maximizing thrust but result in greater energy consumption, while others may focus on
efficiency at the cost of reduced power output. Additionally, factors such as the placement of the motors,
the type of cooling systems used, and the integration with other aircraft systems are all equally important
in contributing to overall performance. As a result, each configuration has its trade-offs, meaning that they
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must be carefully selected for each scenario. One important thing to acknowledge, though, is that battery
technology needs to be mature enough to match the energy density of jet fuel.

Numerical simulations are a powerful tool that engineers can leverage to explore design concepts
and operational conditions before embarking on more rigorous trade studies. This approach minimizes
errors and leads to superior designs. Understanding the intricate interactions between different aircraft
systems is key to delivering a successful design. This paper is dedicated to showcasing the pivotal role of
numerical simulations in electric aircraft design. It delves into how these simulations, by evaluating key
factors, can unearth innovative design concepts and operating conditions for electric aircraft, thereby
inspiring the audience with the potential of these simulations to optimize aircraft performance.
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Figure 3. Electric Propulsion System Diagram for Aircraft. This diagram illustrates the power
distribution in an electric aircraft propulsion system. A battery supplies power to the electronic speed
controller (ESC), motor, flight control system, and payload, with the ESC regulating power to the motor.
The motor drives the propeller to generate thrust while accounting for multiple rotors and overall system
efficiency. (Jeong et al., 2020).

Market Challenges

Despite facing significant market challenges such as high initial investment costs, infrastructure
needs, and competition from established transportation modes, electric aircraft offer unique advantages.
Lower operating costs due to reduced reliance on fuel and more straightforward maintenance
requirements, coupled with the potential for noise reduction and lower emissions, position electric aircraft
as a transformative force in the transportation industry. However, the upfront cost of batteries and
charging infrastructure, as well as regulatory and safety approvals, remain barriers that must be addressed
for the full potential of electric aircraft to be realized.
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Application of Simulation Analysis

To assess the feasibility of electric aircraft in different operating conditions, this study employs
simulations to evaluate their performance in three distinct scenarios: interstate routes or metro-regional
deliveries, dedicated freight missions, and operations in geographically challenging regions.

1. Interstate Routes or Metro-Regional Deliveries: This scenario examines short-haul flights between
urban centers or regional hubs, where electric aircraft could replace trucks or supplement rail
transport for freight delivery. These scenarios focus on speed and cost-efficiency, particularly in
densely populated or high-demand corridors.

2. Dedicated Freight Missions: This scenario explores the potential of electric aircraft to function as
exclusive cargo carriers with no passengers. It evaluates payload capacity, range, and
cost-effectiveness, comparing electric aircraft to traditional freight methods such as trucks and rail.

3. Geographically Challenging Regions: The final scenario focuses on operations in areas with
significant natural barriers, such as mountainous terrain or isolated coastal regions. Electric
aircraft are evaluated for overcoming infrastructure challenges and offering reliable freight
transport where ground-based options are inefficient or unavailable.

By examining these scenarios, the simulations provide valuable insights into how electric aircraft
can be tailored to specific missions and regions. The results aim to inform the optimization of electric
aircraft for freight missions while considering their unique constraints and trade-offs.

Methods

This paper utilized advanced calculations to model electric aircraft, focusing on battery weight,
energy consumption, power use, and efficiency. Natural factors like wind and weather were also
considered. Various propulsion systems and configurations were tested. The simulation software was
highly accurate, accounting for aecrodynamics, energy consumption, and stability. By testing different
setups, this research demonstrated the value of simulations and identified the best technologies for various
needs. Results were compared with existing research to ensure accuracy. The simulation accepted
user-inputted parameters for a flight, such as the length of a specific flight segment, runway length, and
passenger count. It then conducted an analysis to produce outputs for the required parameters unknown to
the user, such as the battery energy needed, the volume of the batteries, and the excess thrust during the
climb segment.
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Figure 4: Advanced Aircraft Analysis Modules. This image displays a software interface for advanced
aircraft analysis, illustrating the center of gravity distribution and structural components of an aircraft,
with labeled elements such as wings, fuselage, propulsion system, flight control system, and other
operational components used for acrodynamic and stability assessments (DARCorporation, 2024)

One significant result demonstrated the inverse relationship between battery weight and range.
Heavier batteries provide more stored energy, increasing range potential, but at the cost of reduced
maneuverability and control. For every additional 1,000 kg of battery weight, maneuverability and control
decreased by approximately 0.6%. For example, a simulation of a 100-passenger electric aircraft with an
initial range of 350 miles showed that adding a 25,000 kg battery extended the range by 50 miles.
However, the increased weight negatively impacted the aircraft’s maneuverability and control.
Conversely, a lighter 15K kg battery resulted in a range of 300 miles but significantly improved the
aircraft’s overall power and efficiency throughout the flight.

The motor configuration also emerged as a critical factor that influenced performance. Simulations
compared configurations with multiple smaller motors versus a single large motor. A configuration using
four smaller motors, each contributing 500 kW, resulted in a 12% increase in overall energy consumption,
leading to a 10% reduction in range. Alternatively, a single 800 kW motor improved efficiency by
approximately 15%, a significant gain. However, this configuration reduced redundancy, compromising
safety by increasing the risk of total system failure in the event of motor malfunction. Redundancy,

Where bright minds share their learnings
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achieved by using multiple motors to power the same subsystem, is crucial for certifying the aircraft for
commercial use (Stevens et al., 2016).

Energy management strategies, a key area of potential improvement, also significantly impacted
performance. Fine-tuning throttle control during cruise increased the range by 20% without negatively
affecting overall performance (Wang et al., 2020). These findings suggest that optimizing energy usage
during different flight phases could play a crucial role in enhancing the feasibility of electric aircraft for
commercial missions.

The simulation program used for this study allowed detailed modeling of electric aircraft
operations by requiring specific input parameters, such as aircraft mass, drag, lift-to-drag ratio, and
battery energy density. This numerical approach enabled visualization of results in functional plots and
data tables, providing a robust framework for analyzing optimal configurations under varying conditions
(Jeong et al., 2020).

Discussion

The potential integration of electric aircraft into air mobility networks—systems that facilitate
efficient short-haul transportation of passengers and cargo between cities, suburban hubs, and remote
areas—presents an opportunity to address infrastructure gaps, reduce emissions, and enhance economic
efficiency. Freight services, for example, could leverage electric aircraft for fast, sustainable deliveries,
bypassing congested highways and inefficient ground transportation. However, widespread adoption faces
challenges, including battery limitations, charging infrastructure development, and regulatory adaptation.
Overcoming these barriers will be essential for electric aircraft to scale within air mobility networks and
compete effectively with conventional aviation.

Interstate Routes or Metro-Regional Deliveries

Electric aircraft are poised to revolutionize interstate and metro-regional transportation,
particularly for short-haul routes under 500 km (International Council on Clean Transportation, 2022).
The primary driver of cost savings is the energy efficiency of electric propulsion systems. Electric motors
have efficiencies exceeding 90%, compared to 30-40% for internal combustion engines, resulting in
significantly lower energy consumption during flight (Brelje & Martins, 2024).

One example is the Eviation Alice, a fully electric regional aircraft developed by Eviation Aircraft.
Designed for short-haul flights, the Alice consumes approximately 200 kWh for a 150-km journey,
equating to an energy cost of just $20 at $0.10/kWh. In contrast, a comparable fossil-fueled aircraft would
consume 200 liters of jet fuel, costing $400-$600, depending on regional fuel prices (International
Council on Clean Transportation, 2022). The Alice features a sleek, futuristic design with a high-wing
configuration and large windows optimized for aerodynamic efficiency and passenger comfort.
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Figure 5. Alice — All-Electric Aircraft. This image shows the Eviation Alice, a fully electric
regional aircraft designed for zero-emission flights. The aircraft features a sleek fuselage, low-wing
configuration, and twin aft-mounted propellers, optimizing energy efficiency and aerodynamic
performance. (Eviation Alice, 2025).

Additionally, electric aircraft leverage advanced lightweight materials, such as carbon-fiber
composites, to offset the heavy mass of current-generation lithium-ion batteries. These materials reduce
the aircraft's structural weight, improving energy efficiency and extending range (Lu et al., 2022).
However, battery limitations are a critical factor. The energy density of commercial lithium-ion batteries
is approximately 260 Wh/kg, which restricts electric aircraft to shorter routes than conventional aircraft
(Farasis Energy, 2020). Solid-state batteries, with projected energy densities of 400-500 Wh/kg, could
increase range by up to 80%, enabling electric aircraft to penetrate longer regional routes (van der Kolk &
van der Geest, 2022).

The maintenance costs of electric aircraft are substantially lower than those of their fossil-fueled
counterparts, primarily due to the absence of complex mechanical systems like turbofan engines. Studies
indicate that electric aircraft can reduce maintenance costs from 15% to 22% compared to conventional
aircraft (Plotner et al., 2013). For example, electric motors have fewer than 20 moving parts, compared to
over 25,000 in a typical jet engine, significantly reducing wear and tear (Simple Flying, 2023). This
simplicity also decreases the frequency of inspections and overhaul cycles, lowering direct operating
costs. For short-haul regional routes, these savings can be reinvested in infrastructure development, such
as the deployment of rapid-charging stations, essential for minimizing turnaround times at regional
airports.

Dedicated Freight Missions

Dedicated freight operations provide a unique opportunity for electric aircraft to excel, particularly

in short- and medium-haul logistics. Current electric planes, like the Alice model, are optimized for
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payloads of up to 1.2 tons with a range of 440 km, making them suitable for e-commerce-driven delivery
networks such as Amazon Air or DHL Express, which rely on regional hubs for rapid package
distribution (Brelje & Martins, 2024). When considering operational costs, electric aircraft offer
significant advantages. A detailed breakdown reveals that electricity costs for a 200-km freight mission
are approximately $40, compared to $200 for jet fuel in a traditional cargo aircraft, a five-fold reduction
in energy costs (ICCT, 2022). Maintenance costs are similarly lower, with electric motors requiring
minimal servicing compared to the frequent inspections needed for turbine engines (Wang et al., 2021).

Electric aircraft's scalability and modular design enhance their economic feasibility in freight
missions. Cargo-specific configurations often utilize electric vertical takeoff and landing (eVTOL)
technology, eliminating the need for traditional runways by allowing aircraft to take off and land
vertically. This capability makes eVTOLSs particularly suited for urban delivery and remote locations
where extensive runway infrastructure is unavailable or impractical. eVTOL systems, such as those under
development by Joby Aviation, demonstrate payload capacities of up to 500 kg for urban delivery
missions, with a projected per-mile cost reduction of 25% compared to trucks in congested environments
(Merrill, 2021). By removing reliance on runways, eVTOLs offer greater flexibility in deployment,
making them a viable alternative for freight transport in dense urban and oft-grid locations.

A critical challenge for freight missions is battery lifecycle management. Lithium-ion batteries
degrade over time, losing approximately 20% of their capacity after 1,000 charge cycles, which increases
operational costs due to frequent replacements. To mitigate this, manufacturers are exploring second-life
applications for degraded batteries in stationary energy storage systems, extending their economic value
(Lu et al., 2022). For example, Nissan repurposes used EV batteries in the Johan Cruijff Arena in
Amsterdam, where they store solar energy to power the stadium during peak demand or outages (Nissan,
2018). Future battery chemistries, such as lithium-sulfur, could offer higher energy densities and longer
lifespans, further improving the cost-efficiency of electric freight operations (European Commission,
2020).

Electric aircraft can provide a transformative solution in geographically challenging regions by
bypassing infrastructure constraints that plague traditional transportation systems. These areas often lack
reliable road or rail networks, making air transport the only viable option. Electric aircraft, with their
ability to utilize shorter runways and unpaved airstrips, offer a significant advantage. For instance, with its
short takeoff and landing (STOL) capabilities, the Pipistrel Velis Electro requires just 500 meters of
runway, making it ideal for remote operations (National Renewable Energy Laboratory, 2023).

The energy efficiency of electric aircraft in these regions is amplified by regenerative braking
systems, which recover kinetic energy during descent and store it in the battery for future use. This
innovation can improve energy efficiency by up to 15% during mountain-to-valley operations, reducing
operational costs (van der Kolk & van der Geest, 2022). Mountain-to-valley operations refer to flights
descending from higher (mountainous regions) to lower (valleys) elevations. During descent, the aircraft
can utilize regenerative braking, which converts kinetic energy back into stored electrical energy in the
battery. This process helps improve energy efficiency by reducing the energy needed for future climbs or
other power-intensive operations. However, the deployment of electric aircraft in such areas is hindered
by the lack of charging infrastructure. Establishing charging stations, particularly off-grid locations, can
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cost $1 million, including integrating renewable energy sources like solar or wind (Lu et al., 2022). An
off-grid charging station operates independently from the traditional electrical grid and relies on
renewable energy sources like solar or wind power. Despite these upfront costs, the long-term savings in
fuel and maintenance, combined with the reduced environmental impact, make electric aircraft a viable
solution.

Another technical challenge in these regions is battery performance under extreme temperatures.
Lithium-ion batteries experience efficiency losses of up to 30% in cold weather, which can reduce range
by 15-25% and payload capacity by 10-20%, depending on aircraft design and mission profile (Choi &
Park, 2022; Lindgren & Lund, 2016). To address this, manufacturers are developing thermal management
systems that maintain optimal battery temperatures during operation. For example, phase-change
materials and active heating systems are integrated into battery packs to mitigate temperature-induced
efficiency losses (Amprius Technologies, 2024). These advancements will ensure electric aircraft can
operate reliably in harsh climates, further expanding their applicability in geographically challenging
regions (Electric Vehicle Council of Australia, 2024).

Future Opportunities and Industry Adoption

Regional airlines such as Air Wisconsin and emerging operators like Joby Aviation and Wisk Aero
are uniquely positioned to capitalize on the strengths of electric aircraft. Traditional regional airlines
primarily operate in networks that connect smaller cities to major hubs, often utilizing turboprop or small
jet aircraft. Electric aircraft could replace these legacy fleets, offering cost advantages and enhanced
environmental performance. For example, noise reduction and lower emissions, significant benefits of
electric aircraft, are particularly advantageous for airports in densely populated areas, where traditional
operations face community opposition due to environmental and noise concerns (Brown et al., 2023).

Electric aircraft have the potential to significantly improve regional connectivity, particularly in
areas currently underserved by air and ground transportation. In the U.S., regions like the rural Midwest
and parts of the Southeast, which have limited access to high-speed rail or frequent flights, could benefit
from introducing electric aircraft. Electric aircraft could improve rural mobility and align with federal
infrastructure priorities by providing short-haul connections to urban centers. The scalability of electric
aircraft networks also allows operators to increase the frequency of flights, ensuring that regional travel
becomes more accessible and reliable.

Geographical challenges present a significant barrier to efficient transportation in areas such as
Alaska, the Pacific Northwest, and Appalachia. Due to natural obstacles like mountains, dense forests,
and waterways, traditional rail and road networks are often costly to build and maintain in these regions.
Electric aircraft, particularly vertical takeoff and landing (VTOL) models, offer a practical alternative by
bypassing these obstacles altogether. For example, Alaska's dependence on air travel for access to remote
communities positions it as a prime candidate for the early adoption of electric aircraft (GreenTech
Aviation, 2023). Additionally, in regions like the Rocky Mountains, where inclement weather and terrain
limit the efficiency of traditional ground transport, electric aircraft could provide a more reliable solution
(Jones et al., 2023).

Potential to Revolutionize Freight Services

10



Q Research Archive of

Rising Scholars (preprint) Where bright minds share their learnings

Electric aircraft have the potential to revolutionize the freight sector, offering a compelling
alternative to traditional modes of transport. Short-haul cargo routes, typically covering less than 500
miles or under 2 hours of flight time (NASA, 2022), could benefit significantly from electric aircraft's
operational efficiency and environmental advantages. This is particularly relevant in areas with
fragmented supply chains or those requiring fast, reliable delivery to remote locations. For example,
electric aircraft could be vital in perishable goods supply chains, ensuring faster delivery times and
reduced spoilage. The flexibility offered by VTOL aircraft could further enhance last-mile logistics,
particularly in urban environments where congestion limits ground-based freight transport.

Studies on urban air mobility (UAM) systems also highlight how strategic infrastructure
placement significantly impacts economic feasibility. For example, Bulusu and colleagues found that new
infrastructure must attract at least 1,800 additional daily commuters per vertiport to justify construction
costs (Bulusu et al., 2021). This demonstrates that thoughtful planning and optimized infrastructure
placement can maximize the economic potential of electric aircraft, particularly in freight applications
where efficiency and scalability are critical.

Alignment with Sustainability Goals and Market Demand

Adopting electric aircraft closely aligns with broader sustainability objectives in the transportation
sector. According to recent studies, the aviation industry is responsible for approximately 2-3% of global
carbon emissions, with regional and short-haul flights contributing significantly (European Commission,
2023). Electric aircraft offer a near-term solution to reduce emissions on these routes while advancing the
industry's long-term decarbonization goals. For regional airlines, embracing electric aircraft is a strategic
response to increasing consumer demand for environmentally responsible travel options and a reassurance
of the industry's commitment to sustainability (Smith & Greenfield, 2023).

Moreover, government policies and subsidies promoting clean energy solutions are poised to
accelerate the adoption of electric aircraft. In the European Union, for example, initiatives such as the
"Green Deal" prioritize the development of sustainable aviation technologies, including measures to
increase the use of sustainable aviation fuels (SAF) and the implementation of carbon pricing for aviation
to encourage the adoption of cleaner technologies (European Commission, 2025). In the U.S., federal
incentives like the Zero Emission Vehicle (ZEV) and Infrastructure Pilot Program provide funding for
airports to acquire zero-emission vehicles and construct or modify supporting infrastructure, thereby
reducing barriers for operators transitioning to electric aviation (Federal Aviation Administration, 2025).
Potential Setbacks

Lithium-ion batteries pose risks of thermal runaway and fire hazards, which remain unresolved for
aviation applications. Unlike conventional aircraft, where fuel storage and management have been
optimized over decades, electric aircraft require advanced battery management systems to ensure safety
during flights (Choi & Park, 2022). Industry experts emphasize the need for stringent safety certifications
and real-world testing before mass adoption (Wolleswinkel et al., 2024).

Certification of electric aircraft by aviation authorities, such as the Federal Aviation
Administration (FAA) and the European Union Aviation Safety Agency (EASA), is a lengthy process.
Slow regulatory approvals could delay commercialization, as current frameworks are designed around

11
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traditional fuel-based propulsion systems. Industry leaders like Joby Aviation have expressed concerns
about the protracted timeline for new regulatory adaptations (GreenTech Aviation, 2023).

Public perception of electric aircraft remains uncertain, as passengers may be wary of shorter
ranges, fewer direct flights, and higher ticket prices than traditional flights. Surveys indicate that while
travelers support sustainable aviation, they prioritize reliability and affordability over environmental
considerations (Smith & Greenfield, 2023).

Broader Implications for Transportation Systems

Introducing electric aircraft has implications beyond aviation, potentially reshaping transportation
systems. For example, electric aircraft could be a viable alternative in regions with underdeveloped rail
networks, providing efficient point-to-point connections. This is particularly relevant in geographically
diverse countries like the U.S., where high-speed rail has been challenging to implement. Additionally,
the modularity and scalability of electric aircraft networks could complement existing transportation
modes, creating an integrated system that leverages the strengths of air, rail, and road transport (Brown et
al., 2023).

Challenges and Future Considerations

While electric aircraft have significant potential benefits, several challenges remain. Battery
technology, for instance, continues to limit electric aircraft's range and payload capacity, constraining their
applicability to short-haul operations (Wolleswinkel et al., 2024). Infrastructure readiness, including
charging stations and maintenance facilities, is another critical factor determining the adoption pace.
Furthermore, regulatory frameworks must evolve to address the unique operational and safety
considerations associated with electric and autonomous aircraft (GreenTech Aviation, 2023).

Despite these challenges, advancements in battery energy density, regulatory adaptation, and
infrastructure development indicate a promising trajectory for integrating electric aircraft into regional air
mobility networks. As these technologies mature, their adoption will likely expand, redefining how we
think about regional transportation and its role in connecting communities, supporting economic growth,
and addressing environmental challenges.

0-400 Comparison Study

A comparison study was conducted using parameters based on the Q-400 turboprop aircraft to
validate the simulation further. The baseline values for this study included:
® Mass: 29,257 kg
Thrust: 7,500 kN
Motors: 4
Motor Efficiency: 0.9
Power-to-Weight Ratio: 1
Battery Energy Density: 250 Wh/kg
Runway Requirement: 1,500 meters
Climb Rate: 10 m/s
Cruise Speed: 403 knots

12
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e Descent Speed: 200 knots

Adapting the Bombardier Q400 (Dash-8), a 70—78 seat regional turboprop, for electric propulsion
presents significant challenges due to stringent battery energy requirements, severe payload and range
compromises, and current technological limitations (Wang et al., 2020; Anderson, 2020). Today’s best
lithium-ion batteries offer approximately 250 Wh/kg, far lower than jet fuel’s 12,000 Wh/kg, making full
electrification impractical (Anderson, 2020). Studies indicate that a minimum of 500 Wh/kg is required
for even limited viability, with 600 Wh/kg necessary for a 350 nm (650 km) mission (Wang et al., 2020).
Projected battery improvements suggest this threshold might not be met until the 2030s, assuming a 5%
annual improvement in energy density (Noland et al., 2022). At the current battery energy density, an
all-electric Q400 would experience a drastic reduction in range; for example, a 77 km flight would
consume nearly 44% of the aircraft’s weight in batteries, and longer regional flights of 200-300 km would
demand battery masses approaching 70% of the aircraft’s weight, leaving little margin for payload (Wang
et al., 2020; Neland et al., 2022). Passenger capacity or cargo must be significantly reduced to maintain
maximum takeoff weight, eroding economic viability (Anderson, 2020). Additionally, the power required
for takeoff and climb, typically 7-8 MW, would necessitate a battery pack exceeding the aircraft’s empty
weight, further compounding performance issues (Noland et al., 2022). Battery volume and placement
constraints also pose engineering challenges, potentially invading cargo bays or the cabin (ZeroAvia,
2023). Beyond energy density, electric propulsion components, such as motors and power electronics,
remain heavier than their turboprop counterparts, requiring further advancements in power density,
cooling, and weight reduction (Wang et al., 2020; ZeroAvia, 2023). Certification and safety concerns,
such as battery thermal runaway risks and high-voltage system management, add further complexity
(Anderson, 2020). Given these challenges, hybrid-electric alternatives and hydrogen fuel cell propulsion
are currently more viable (ZeroAvia, 2023). Hybrid-electric concepts, such as Pratt & Whitney’s Project
804, aim to improve fuel efficiency by replacing one engine with an electric motor, while ZeroAvia is
pursuing a hydrogen-electric Q400 due to hydrogen’s superior gravimetric energy density compared to
batteries (ZeroAvia, 2023; Wang et al., 2020). Ultimately, a fully battery-electric Q400 is not feasible with
today’s technology, as required battery energy densities of 500—800 Wh/kg remain far beyond the ~250
Wh/kg currently available (Neland et al., 2022; Anderson, 2020). Until battery advancements close this
gap, electric regional aircraft will remain constrained to short-haul flights with severe operational
compromises, making hybrid and hydrogen alternatives more promising for near-term development
(ZeroAvia, 2023).
Conclusion

In conclusion, this review highlights electric aircraft's economic and environmental potential,
particularly in regional transportation. Electric aircraft operate at ~$0.10 per kWh, significantly reducing
fuel costs compared to jet fuel ($2—$3 per gallon) and maintaining per-mile competitiveness with electric
trucks ($0.10-$0.12). Despite initial infrastructure investments, with charging stations costing between
$500,000 and $1 million, the long-term operational savings, especially in fuel and maintenance, position
electric aircraft as a promising alternative. Additionally, electric aircraft can help reduce emissions,
contributing to sustainability goals in aviation.
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However, advancements in battery technology are essential for electric aircraft to realize their full
potential. Current battery capacities and energy densities are limiting factors in extending range and
payload, necessitating ongoing research and innovation. Overcoming these technological barriers is
crucial to making electric aircraft viable for longer flights and heavier cargo. In the long term, electric
aircraft represent a superior solution, not only from an economic standpoint, with lower operational costs
and reduced reliance on fossil fuels, but also from an environmental perspective, by helping to
decarbonize aviation. As technology evolves and infrastructure is optimized, electric aircraft will play a
central role in transforming regional transportation, offering a cost-effective, sustainable, and scalable
solution for the future.
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