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ABSTRACT

The transition to electric aviation presents a pivotal opportunity to reduce the environmental impact of
air travel and revolutionize the aviation industry. This paper explores the current state of electric
aviation, focusing on technological advancements, environmental benefits, and the challenges hindering
large-scale implementation. It discusses the potential of electric aircraft in urban air mobility and regional
transport, examining the design and development of next-generation aircraft like the Aurora G2. The
paper also addresses regulatory and policy frameworks required to support the widespread adoption of
electric aviation. While significant hurdles such as energy density, safety concerns, infrastructure
development, and public acceptance remain, the future of electric aviation holds substantial promise for
achieving a sustainable and efficient air transport system.
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INTRODUCTION
With the rise of atmospheric pollution and climate change concerns, there is an increasing need to shift to
environmentally friendly air transport. Electrification is a possible solution for civil aviation, enabling
low-emission flights. The growing demand for regional air transport (more than 2500 airports
worldwide) and the time-loss problem in ground transportation (e.g., traffic jams) fuels the development
of on-demand air transportation systems with small all-electric aircraft [17]. This paper outlines the
challenges and opportunities for electric aviation. Two classes of aircraft are suggested that offer difterent
levels of autonomy: urban air mobility and regional aircraft. A novel approach is applied to building
proof-of-concept aircraft, with the design of the Aurora G2 aircraft already partially funded and in the
final design stage. Several aspects that need to be studied in detail are identified. Besides technical issues,
such as energy density, safety, and infrastructure at airports, new landing protocols, the number of
aircraft as well as insurance and pilot workload need to be studied. Additionally, political resistance and
public acceptance will likely be hurdles that need to be overcome. Finally, new flight and maintenance
simulators will need to be designed to facilitate pilot training and maintenance crew training for these
new aircraft designs [27].
CURRENT STATE OF ELECTRIC AVIATION

In a world increasingly concerned with global warming, air travel has had a disproportionately high
impact. Each year, air traffic grows by 5 to 10 percent, but new technologies and alternative fuels have
failed to keep pace. With a focus on upcoming electric aviation, this work will analyze developments in
the sector and all companies currently involved in it. 8 The falling costs of battery packs and the search
for green aviation: In 2010, the price of battery packs was $1,000, but this halved in 2015 and has halved
again in 2020 to about $250. Among other applications, the greenest way to use these better battery
packs is in aviation, where enormous commercial opportunities lie. In aviation, even a tiny reduction in
tuel consumption delivers large financial savings, and all projections show tight supply in coming years.
Also, aviation's contribution to climate change roughly equals that of all passenger vehicles. Electric
aviation is the answer, but commercial use remains a way oft [47]. The current state of aviation: Air travel
has had a disproportionately high impact on global warming. Growth in air traffic outstrips the current
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best capabilities of the aircraft and engine manufacturers. Each year, air traffic grows 5 to 10 percent, but
new technologies and alternative fuels have failed to keep pace. In the process, a large commercial
opportunity has been overlooked. Due to the desperate situation of many European aerospace companies
and recognition of the commercial opportunities, several governments across Europe are starting to fund
experiments in electric air travel. Electric aviation attempts so far: One of the foremost players in electric
aviation is Jon B. F. Dalen, a retired flight path and trajectory optimizer. In 2004, he designed L'il
Munchkin, an ultra-light electric airplane. Powered by batteries, each cell had a specific energy (energy
absorbed per kg) of 150 Wh/kg and a weight of 5 kg. The 14 batteries in his model aircraft generated a
power of 7.5 W, consuming roughly 470 Wh each flight of 60 to 100 minutes. Unfortunately, this design
proved too heavy in practice. Since then, companies have attempted the same thing using lithium polymer
batteries, which have a specific energy of 300 Wh/kg. Notably, in 2008, a German college developed a
simple electric passenger air vehicle whose performance specs exceed those of the average helicopter
today. Unfortunately, development took longer than expected, the business plan was overly ambitious,
and industry support wasn't forthcoming as tensions rose between Germany and the US. Consequently,
the architect and the company's funding no longer believed in the project, and no working prototypes
were built [57]. In 2011, the American demographic Jonathan B. F. Dalen proposed building a small
electric "H" aircraft and promptly sent angry emails to what he assumed were potential interested parties,
demanding why no one was doing it yet. Not wanting to disappoint, French Aerospace pleaded urgency
and conducted experiments with controller hardware. By 2017, they completed a first electric test flight
judged successful [67.
ENVIRONMENTAL BENEFITS OF ELECTRIC AVIATION
Aviation's growth trend, along with deepening climate change concerns, has led to a renewed focus on
energy efficiency, particularly in the transport sector. The transportation of goods and passengers
accounts for around a quarter of industrial CO2 emissions and about 11-12% of the total anthropogenic
greenhouse gas emissions. Within this sector, aviation has the most significant climate impact, largely
due to the altitude effect. Therefore, the aviation industry plays a key role in reaching global climate
targets. There is a growing demand for new aircraft, both in regional and short-haul sectors. This growth
is challenging for the industry. Irrespective of the aircraft design, conventional aircraft propulsion
systems are based on jet engines. However, these propulsion systems have adverse interactions with the
climate. In recent years, electric aviation has gained momentum as a secure and disruptive technology to
mitigate the aviation industry's growth challenges. Electric aviation, which includes electric and hybrid
propulsion systems, is currently viewed as a promising candidate to yield a more sustainable and
resource-efficient aviation system [7]. Similar to battery-powered electric vehicles, battery-powered
electric aircraft (BEA) are energy-efficient electric vehicles equipped with battery systems that provide
onboard electricity for electric propulsion systems and other vehicle operations. The electricity is stored
in batteries, which are charged on the ground. Hybrid electric aircraft (HEA) are powered by a
combination of conventional and electric propulsion systems. In the case of HEA, energy is supplied
onboard using fuel and batteries. Electric aviation technologies may lead to a substantial reduction in the
climate impact of civil aviation. According to recent studies, a battery-powered civil aircraft could cut
CO2 emissions by 28% and NOx emissions by 52% compared to a new aircraft design with a conventional
propulsion system. However, newly developed and certified electric aircraft could take years to operate,
especially in the larger aviation sectors. Hence, it is crucial to analyze the climate effects of a gradual
introduction of electric aviation technologies in regional and short-haul air transport [87. The aviation
sector is growing more rapidly than other transport sectors. In the next 20 years, air traffic is expected to
double, and in the next 40 years, it is expected to grow fourfold. There is also a growing demand for new
aircraft to respond to traffic growth, enhance operational flexibility, and meet more stringent
environmental regulations. Currently, large- and mid-sized aircraft are equipped with gas turbine
engines. Gas turbine engines used in commercial aviation range from a few thousand pounds of thrust for
business jets to more than 100,000 pounds for the largest airliners. A couple of hundred large gas turbine
engines are produced each year. The growth trend in aviation poses difficult challenges for the aviation
industry. This energy-intensive industry has an increasing demand for fossil fuel with rising energy costs.
In addition to the rising fuel costs, climate change and its consequences have prompted the development
of greenhouse gas mitigation policies. Aviation is subjected to regulatory control for its greenhouse gas
emissions after ground transport and power generation [97].
CHALLENGES IN IMPLEMENTING ELECTRIC AVIATION

Electric aviation has been largely viewed as a viable replacement for currently operated civil aviation but
faces numerous setbacks. Technological hurdles relate to parameters like travel range, payload, design
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constraints, and performance at cruise and take-oft conditions. Economic hurdles include costs of
electrification, electric energy, and electric charges. Some hurdles also concern the broader economic and
political environment, e.g. laws, market bases, incentives for development, global warming, and
opportunities for charging. Implementation of electric aviation is thereby not straightforward and
progress requires substantial changes in the aviation ecosystem [107]. Electric aviation has been viewed
for decades as a generally achievable, viable, and unproblematic replacement for currently operated civil
aviation. On the technical side, in regard to electrochemical storage, it is evident that fully electric
aviation does not rely on extensive technological breakthroughs. Current battery energy density
combined with current aircraft performance does not approach a viable solution, and progress within this
field would take decades. Hybrid technological arrangements would cope with some current limitations of
civil aviation but would still rely on aviation outside the up-to-date combustion engines metrics.
Moreover, battery performance, availability, and costs of electric energy may essentially grow into the
limiting factor for large-scale operations after decades of technological breakthroughs and after all civil
aviation services use hydrogen propulsion [117. Some hurdles are more difficult to directly assess. As of
today, regarding engine architecture, under new laws, engine architecture may be completely outside the
control of the system operator, e.g. large hydrogen storage tanks may be located on the outskirts of
airports with ground-based fuelling facilities forcing a split into large engines for take-oft and turboprop
engines fly above market, traveling only hovering and take-off distances. Battery-charging time and
current routes approach a further limiting factor of scheduling rates below bank settlement thresholds.
Dangerous constraints regarding battery chemicals may be outside the direct control of world aviation
scheduling and may lead to devastating cancellations of services unexpectedly. Even today outside
aviation, among numerous nations fighting wars with broad consequences including global trading, some
fuels, chemical chemicals, storage operations, and technologies are rendered completely unapproachable
due to the controlling country [127].
TECHNOLOGICAL INNOVATIONS IN ELECTRIC AVIATION

The transition to all-electric aviation propels societal progression toward alternative energy, storage, and
propulsion philosophies. A broad spectrum of technologies accommodating all-electric aviation with
planes accommodating from two to over two hundred passengers is being pursued—hybrid powertrains
acting as batteries for electric motors, new electric motors, batteries catering higher power outputs,
power electronics as on the verge of taking off, electric take-oft and landing systems for large aircraft,
flying with superconductors, both electric and hybrid aircraft engines composing a stretched duct where
air gear would provide thrust, new standards in aircraft design, cabin layout, control systems taking
advantage of fly-by-wire, control design, stability augmentation systems, fail operational systems beyond
today’s standard, power electronics providing possibilities for high redundancy at low weight and volume,
etc [137. Electric aviation’s promise lies not solely in urban air mobility (UAM) but extends to
commercial aviation routes traditionally dependent on fossil fuels. Encouragingly, emerging innovators
are championing electric aircraft concepts to bring greater efficiency—expanded capacity with improved
emissions footprints—competing with traditional fuel aircraft. By taking advantage of the lower
operational costs offered by electric aircraft, small companies could challenge larger firms, employing
software to match air traffic increase according to peak hour [147. With the growing concern regarding
climate change, organizations and governments are setting voluntary targets in halving carbon dioxide
(CO2) emissions by 2050, coinciding with similar commitments outlined at the UN's Paris accord.
Making more efficient engines, using biofuels, noise reduction, and weight improvements represent
ongoing conventional measures to mitigate aircraft's climate impact. However, the ingenuity and
creativity offered by new technologies remain essential to deliver something different. Breakthrough
advancements are needed now to point towards the future [157. There is a wealth of physical phenomena
that could provide these construction principles, offering technologies still not or not solely dependent on
fossil fuels. Smart and versatile small, large, fixed-wing to circular rotor aircraft are special solutions to
particular needs, highlighting a new engine industrial philosophy envisaging both fixed/rotary wing and
ducted propulsion. Options that could barely be conceived a few decades ago are presented, pondering
teasible scenarios of tomorrow's air travel alternate with concerns and twists leading humanity from an
optimistic to a dystopic tomorrow. Fixed-wing models using an already commercially available engine
arriving in the early 2030s could have a range of about 250 km, while ducted fan models envisaging a
very lightweight hybrid propulsion system able to carry 30 passengers could enter the market a bit later,
with larger aircraft projected for the mid-2040s [137].

This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

Page | 38



REGULATORY FRAMEWORK AND POLICY RECOMMENDATIONS
Electric aviation (e-aviation) presents a transformational opportunity to enhance sustainability in the
aviation sector. However, current regulatory policies for the introduction and integration of e-aviation are
inadequate, presenting a considerable challenge for stakeholders. New policies are needed, including
secondary regulatory goals around carbon, noise, and cost per passenger mile. Coordinated global and
national actions are also required to achieve the large-scale transition of the aviation sector to net-zero
emissions by 2050. The first step that regulators need to take involves the proactive development of a
clear expectation of the roadmap, e.g., a timeline for large-scale e-aviation capacity and only Euro
7/Green offtakes thereafter [167. It is of paramount importance to understand, as early as possible, the
expected impact of the roadmap on the social fabric and economic landscape of nations around the globe.
Governments need to be genuinely committed to shaping fair and equitable regulations and a supportive
environment for all stakeholders. Current global strategies for the development and coordination of
regulation and new compliance policies, e.g., via ICAO, are grossly inadequate. Aversion to change and
stagnation of innovation due to lobbying or regulatory capture needs to be offset by the establishment of
mechanisms to validate a commitment to developing fair regulation and compliance policies that are
initiated by the 'sword of Damocles' in the form of the mid and long-term regulatory expectation of the
roadmap [177]. Global and nationally coordinated actions are needed to achieve auto-manufacturers'
emergence of e-aviation capacity on a large scale by 2035 and type-approved aircraft by 2025. Efforts to
standardize, reduce costs, and encourage wide adoption of small commuter networks, e.g., by bus or air
(i.e., e-aviation), need to be complemented with coordinated, mission-oriented global actions that can
establish the notion of real power in crucial industries. National commitments that incentivize action
plans to safeguard geopolitical competitiveness should complement legislative requirements that
underpin financial stability for national discussions and actions. National discussions should embrace a
coalition of stakeholders across industries, academia, and government that have a demonstrated
commitment to identifying, addressing, and mitigating risks and opportunities related to the above
challenges [187].
CONCLUSION
Electric aviation represents a transformative shift towards more sustainable air transport, addressing the
growing environmental concerns associated with traditional aviation. Despite the significant challenges
related to technological limitations, regulatory hurdles, and public acceptance, the potential benefits of
electric aviation are immense. The development of innovative aircraft like the Aurora G2, coupled with
supportive policy frameworks and advancements in battery technology, could pave the way for a new era
in aviation. However, achieving widespread adoption will require coordinated efforts across industries,
governments, and the public to overcome the existing barriers. The future of electric aviation is
promising, but realizing its full potential will necessitate sustained innovation, investment, and global
collaboration.
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