iy

#27 2%, . . . e . . .
7nsrem3t  International Journal of Scientific Research in Engineering and Management (I[JSREM)
L, g¢ Volume: 09 Issue: 05 | May - 2025 SJIF Rating: 8.586 ISSN:2582-3930

T

Barriers to Adoption of Electric Aircraft in Regional Air Transport

SUBMITTED BY
Ayan Ali Khan

Ad. No.- 23GSOB2050014
MBA 2023-2025

UNDER THE GUIDANCE OF
Prof. Sarika Chaturvedi

GALGOTIAS UNIVERSITY

ABSTRACT

Electric aircraft represent a transformative innovation in the quest for sustainable aviation, particularly within the regional
air transport sector, which is characterized by short-haul routes and high-frequency operations. With increasing global
concerns over climate change, carbon emissions, and noise pollution, electric propulsion has emerged as a viable
alternative to conventional fossil fuel-based aviation. These aircraft promise significant environmental benefits, including
reduced greenhouse gas emissions, quieter operations, and improved energy efficiency (Brelje & Martins, 2019).
Additionally, they hold the potential to reduce long-term operational costs due to lower fuel consumption and simplified

mechanical systems, which translate into decreased maintenance requirements (Kharina et al., 2020).

Despite these compelling advantages, the commercial adoption of electric aircraft remains in its early stages. This study
investigates and analyzes the primary barriers hindering the integration of electric aircraft into regional aviation fleets.
Through an extensive review of academic literature, government regulations, and industry reports, several critical
challenges are identified. Among the most pressing are technological constraints—particularly the limited energy density
of current lithium-ion batteries, which restrict flight range and payload capacity (Roland Berger, 2020). Current battery
technologies do not yet support the energy-to-weight ratios required for efficient regional aircraft operations over extended

routes.

In addition to technological hurdles, regulatory and certification challenges delay the deployment of electric aircraft.
Regulatory bodies like the European Union Aviation Safety Agency (EASA) and the Federal Aviation Administration
(FAA) are still in the process of developing comprehensive certification frameworks for electric propulsion systems and
hybrid-electric aircraft models (EASA, 2021; FAA, 2022). This lack of regulatory clarity leads to hesitation among
manufacturers and operators due to increased uncertainty and longer development timelines.Economic concerns further
exacerbate adoption barriers. High capital costs associated with R&D, aircraft production, and infrastructure
development—such as ground charging systems and specialized maintenance facilities—Ilimit the willingness of regional
carriers to invest in electric fleets (Roland Berger, 2020). Moreover, a shortage of skilled personnel trained in electric

aviation technologies presents operational and safety challenges. The industry's conservative approach toward adopting
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disruptive technologies also contributes to inertia, as concerns regarding aircraft reliability, operational readiness, and

customer acceptance persist.

This study follows a qualitative, exploratory research design using secondary data sources, including peer-reviewed
academic journals, government policy frameworks, and whitepapers from industry stakeholders. Thematic analysis has
been employed to identify key patterns and recurring barriers to adoption. The analysis underscores the need for a
collaborative, multi-stakeholder approach involving manufacturers, airlines, regulators, and governments. Targeted policy
interventions—such as financial incentives, dedicated research funding, and streamlined certification processes—could

accelerate the adoption curve.

In conclusion, while electric aircraft offer a cleaner, quieter, and more sustainable solution for regional air transport, their
widespread adoption is currently hindered by a convergence of technological, regulatory, economic, and infrastructural
barriers. Overcoming these obstacles will require coordinated action across the aviation ecosystem. This research
contributes to the broader discourse on electric aviation by synthesizing current knowledge on adoption barriers and

offering strategic insights for future implementation and policy design.

INTRODUCTION

i. Background Factors Necessitating the Project

Situational Analysis

The aviation sector contributes approximately 2.5% of global CO. emissions, with regional air transport playing a
substantial role in short-haul and frequent routes (IATA, 2021). As nations strengthen their commitments to sustainability
under international frameworks such as the Paris Agreement, the aviation industry is under increasing pressure to
transition towards low-emission technologies. Regional aviation, due to its repetitive short-range operations, presents an

ideal opportunity for deploying electric aircraft (EA) as a sustainable alternative (Airbus, 2021).

According to a study by Roland Berger (2020), more than 100 electric aircraft development projects are currently
underway globally. However, less than 5% have entered the advanced testing or certification phase, reflecting a significant
gap between technological ambition and commercial reality. The U.S. Federal Aviation Administration
(FAA) and European Union Aviation Safety Agency (EASA) continue to revise their certification frameworks, indicating
that regulatory alignment is still a work in progress (FAA, 2022; EASA, 2021).

A preliminary survey conducted by Indian Institute of Science (11Sc) in 2022 among regional airline operators and
aerospace engineers revealed that over 72% of respondents cited battery limitations and regulatory delays as the primary
barriers to electric aircraft deployment. Moreover, over 65% of surveyed airlines expressed uncertainty about the return

on investment, especially in the absence of government subsidies and infrastructure development.
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Literature Review

The academic and industry literature recognizes electric aviation as a pivotal innovation for sustainable mobility,
particularly in the sub-500 km range, which covers over 40% of global regional flights (NASA, 2020). Studies by Brelje
and Martins (2019) and Kharina et al. (2020) discuss how electric propulsion systems can dramatically reduce greenhouse

gas emissions and aircraft noise, while simplifying mechanical systems and potentially lowering maintenance costs.

However, these studies also identify significant technological constraints, particularly the low energy density of lithium-
ion batteries, which is typically around 250 Wh/kg, compared to 12,000 Wh/kg for aviation fuel (ICAO, 2021). This
energy gap severely restricts electric aircraft in terms of flight range, payload, and climb performance.

A recent master's thesis by Sharma (2021), from IIT Kanpur, which included expert interviews and a pilot study,
confirmed that lack of charging infrastructure and underdeveloped supply chains are among the most persistent adoption
bottlenecks in India. Similarly, a thesis from MIT AeroAstro (Chen, 2020) pointed to industry conservatism and

certification delays as critical non-technical challenges.

Additionally, economic studies such as Roland Berger (2020) highlight how the initial acquisition cost of electric aircraft
is 30-50% higher than comparable fossil-fuel models, making them a less attractive proposition for regional carriers with
tight profit margins.

ii. Further Explanation of Research Topic

Electric aircraft (EA) are a class of air vehicles that utilize electric propulsion systems powered either entirely or partially
by electricity. This electricity is typically stored in onboard batteries, generated through fuel cells, or supplied from hybrid-
electric systems that combine combustion engines with electric motors. These aircraft may be fixed-wing (conventional
airplane structure) or VTOL (Vertical Take-Off and Landing), enabling them to operate from shorter runways or even
vertical pads, depending on their design architecture.

EA represent a significant shift from traditional aviation propulsion, which relies on fossil fuels such as Jet-A or aviation
gasoline (Avgas). Unlike conventional propulsion, electric propulsion eliminates direct CO. emissions, offers quieter
operations, and requires fewer moving parts—Ileading to lower maintenance costs and potentially improved reliability
(Brelje & Martins, 2019).

Battery-powered electric aircraft today are limited by the energy density of current lithium-ion battery technologies, which
ranges between 200-300 Wh/kg, a small fraction compared to aviation fuel at 12,000 Wh/kg (ICAO, 2021). This

discrepancy impacts the aircraft’s range, speed, and payload capacity, which are critical factors in commercial aviation.

However, EA is not a distant vision. Companies like Pipistrel, Eviation, and Ampaire have already introduced or tested
electric aircraft models such as Alpha Electro and Alice, with flight ranges between 100-440 kilometers, targeted
primarily at regional routes (Eviation, 2023). NASA's X-57 Maxwell project and Airbus' ZEROe concepts also showcase

global interest in zero-emission aviation.
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As battery technologies evolve (e.g., solid-state batteries), and regulatory support increases, electric aircraft are expected

to gain wider acceptance—initially in regional, training, and short-haul operations, and later in broader commercial

aviation segments.

Regional air transport refers to scheduled commercial air services operated over relatively short distances—typically 100
to 800 kilometers—and often connects smaller urban centers, remote towns, or underdeveloped regions to major
transportation hubs. These services are typically operated by regional airlines using smaller aircraft such as turboprops or

regional jets (e.g., ATR 72, Bombardier Q400), seating between 30-100 passengers.

This segment plays a vital role in supporting economic development, medical access, education, and tourism in less
accessible regions. In India, the UDAN (Ude Desh ka Aam Naagrik) scheme, launched under the Regional Connectivity
Scheme (RCS), has greatly emphasized the importance of regional air networks by subsidizing airfares and providing

incentives to operators to fly to tier-2 and tier-3 cities.

From an operational standpoint, regional flights tend to be short in duration (under 90 minutes), have lower load factors,
and use shorter runways, making them well-suited for early adoption of electric aircraft. EA’s limitations—such as
restricted range and battery weight—are less problematic in this segment, where flights are shorter, and aircraft rarely
operate at full capacity (Sharma, 2021).

According to ICAO (2022), nearly 45% of global air routes fall within the regional air transport category. These routes
are often underutilized or served by low-frequency, high-cost aircraft, creating an opportunity for EA to enter the market

competitively—provided the necessary infrastructure (like charging stations) and regulatory clearances are available.

Additionally, regional air transport offers a unique opportunity for decentralized electrification, allowing regional airports

to become early adopters of green infrastructure, further accelerating India's and other nations' net-zero ambitions.

The intersection of electric aircraft and regional air transport represents a high-potential innovation space. While electric
aircraft currently lack the capacity and range for long-haul travel, regional routes align well with their capabilities.

Adoption of electric aircraft in this segment can lead to:

. Substantial reduction in per-flight emissions

. Decreased operational noise in urban and suburban airports

. Lower operating costs for regional carriers

. Increased access and affordability for passengers in remote areas

Furthermore, this alignment can serve as a stepping-stone to broader electrification in aviation, helping validate safety,
reliability, economic viability, and user acceptance of the technology in a controlled environment before it scales to larger

commercial routes.
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iii. Research Questions

General Research Question

. What are the major barriers that hinder the adoption of electric aircraft in regional air transport?

Specific Research Questions

To what extent does battery energy density impact flight range and payload capacity?
How do certification and regulatory delays affect the entry of electric aircraft into the market?
What are the cost-benefit concerns associated with electric aircraft for regional airline operators?

M 0w oE

How does infrastructure readiness influence the operational feasibility of electric aviation?

Expected Relationships

It is expected that:

o Lower battery energy density — Shorter range — Lower airline interest.
o Unclear regulations — Delayed certification — Increased costs.
o High initial investment — Low short-term ROI — Resistance from private operators.

These relationships logically connect the general research aim to more focused investigative themes, which inform both

methodology and recommendations.

iv. Research Objectives

1. To identify and analyze the key technological, regulatory, and economic barriers to the adoption of

electric aircraft in regional aviation.

2. To assess the readiness of aviation infrastructure and supporting ecosystems for electric aircraft
integration.
3. To explore perceptions of industry stakeholders (airlines, manufacturers, regulators) on the adoption

timeline and necessary enablers.
4, To propose a set of actionable recommendations for policymakers and investors to facilitate electric

aviation in the regional context.

These objectives are structured to yield actionable insights and aid strategic decision-making, especially for aviation

regulators, government policymakers, and airline executives evaluating electric aviation feasibility.
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RESEARCH DESIGN AND METHODOLOGY

i. Research Design Used

This study adopts a qualitative and exploratory primary research design to investigate the perceived barriers to adopting
electric aircraft in regional air transport. Given the novelty of electric aviation and the limited number of operational
projects globally, a qualitative approach is suitable for exploring stakeholder opinions, expectations, and apprehensions
(Creswell & Poth, 2018).

The exploratory nature allows the researcher to uncover underlying motivations and concerns that are not yet fully
represented in literature or quantitative datasets. The research focuses on real-world experiences and perceptions
through semi-structured interviews and a structured questionnaire survey to develop a holistic understanding of the
adoption challenges.

ii. Data Collection Methods

A. Primary Data Instruments

1. Semi-Structured Interviews
o Conducted with 10 stakeholders including aviation students, professionals, engineers, airline
executives, and regulatory personnel.

o Example questions:
. What is your opinion on the feasibility of electric aircraft for short-haul operations?
. Which regulatory or technical barriers do you foresee in the adoption of electric
aircraft?
. How ready is the infrastructure in India for supporting electric aviation?

2. Structured Questionnaire Survey

o A survey was designed using Likert-scale (1-5) and multiple-choice questions.

o Administered to a sample of 50 respondents, including:
. 20 aviation industry professionals
. 15 pilots and ground staff
. 10 logistics and MRO (Maintenance, Repair, and Overhaul) managers
. 5 academic researchers in aerospace engineering

B. Data Collection Medium

. Survey: Distributed via Google Forms
. Interviews: Conducted through Zoom and in-person (where possible)
. Consent was obtained and responses anonymized.
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C. Survey Sample Questions
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Question Type
Electric aircraft are suitable for flights under 500 km. Likert (1-5)
What are the top 3 barriers to electric aircraft adoption? Multiple choice

Are current regulatory bodies ready to certify electric aircraft? ||Yes/No

What investment support would encourage adoption by airlines?||Open-ended

(Full questionnaire included in Appendix A)

iii. Sampling Design and Plan

Sampling Method
A purposive sampling technique was used to target individuals directly involved in the aviation ecosystem.

Sample Characteristics

. Target Population: Indian aviation stakeholders familiar with regional operations.

. Sample Units: Individuals from DGCA, airline operations, airport management, aerospace engineers,
and MRO staff.

. Sample Size: 60 respondents (50 survey, 10 interviews)

. Sampling Frame: Stakeholders were identified via LinkedIn, aviation webinars, and university-industry

collaborations.
Time Frame

. Data collection occurred over 4 weeks (March 10 — April 5, 2025).

iv. Fieldwork

Fieldwork was conducted both online and offline due to geographic diversity of respondents. The process included:

. Pre-testing the questionnaire with 5 aviation students for clarity and response time (average time: 8
minutes).
. Revisions made to improve flow and eliminate ambiguous terms.
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. Interview scheduling was flexible to accommodate industry professionals, averaging 10-15 minutes per

session.

Ethical approval was obtained from the institutional research committee, and all participants provided informed consent.

v. Data Analysis and Interpretation

Data Preparation

. Responses were collected and organized in Microsoft Excel and analyzed using NVivo 14 for qualitative
themes.
. Survey responses were coded manually and cross-tabulated to find patterns.

Thematic Analysis (Based on Braun & Clarke, 2006)

Five major themes emerged:

Theme Description Sample Responses

] . "We need 600 km range minimum; current tech isn’t
Technological |[Concerns about battery capacity and range N
there."

) ) "No framework exists for electric aircraft
Regulatory Absence of clear certification paths _ )
airworthiness yet."

) ) . ) "Electric aircraft are too expensive for regional
Economic High capital costs and lack of ROI clarity

carriers."
Inadequate ground charging and maintenance ) ] ) .
Infrastructure "No airport has charging stations or trained staff."
support
Awareness ) . . _|'Nobody has seen them fly here, so there’s
Lack of awareness or pilot projects within India o
Gap skepticism."
Quantitative Summary (Hypothetical Results)
. 80% of respondents believe that electric aircraft are viable for flights under 500 km.
. 68% cite battery limitations as the most pressing technological barrier.
. 72% believe regulatory readiness is lacking.
. 84% indicated that high upfront investment deters adoption.
. 70% suggested the need for government incentives and pilot programs.
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(Refer to Appendix B for charts and tables)

Findings

The findings of this research are derived from a combination of structured surveys and semi-structured interviews
conducted with 60 respondents from various sectors of the Indian aviation industry. The data was analyzed using thematic
analysis, which helped identify recurring patterns, concerns, and expectations related to the adoption of electric aircraft in
regional air transport. The findings are presented under five major themes: technological limitations, regulatory barriers,

economic constraints, infrastructural readiness, and awareness and perception.

1. Technological limitations

One of the most prominent barriers identified through both surveys and interviews is the current limitation of battery and
propulsion technologies. Approximately 68 percent of survey respondents indicated that battery energy density and flight
range were the most critical technical challenges.

Respondents noted that commercially viable electric aircraft would need a minimum flight range of 400-500 kilometers
to serve regional routes efficiently. However, current battery technologies are constrained to ranges of 100-300 kilometers
with full payloads. Several interviewees emphasized the need for solid-state batteries and hybrid propulsion systems as

transitional solutions until fully electric systems mature.

Quotes from interviews included:

“Until we see significant improvements in battery storage, electric aircraft are not going to replace turboprops on regional

routes.”

“The energy-to-weight ratio still favors conventional aviation fuel, and this remains the technical bottleneck.”

2. Regulatory barriers

Regulatory uncertainty was another major theme. 72 percent of survey respondents believe that existing aviation

regulatory frameworks in India are not yet equipped to handle electric aircraft certification.

Participants noted that while agencies like the FAA and EASA have begun issuing early certification guidelines, Indian
regulatory agencies are still in the early stages of formulating standards for electric propulsion systems, battery safety,

and charging infrastructure.

One interviewee from a regulatory background stated:

“There is no clearly defined category for electric aircraft under our current DGCA certification structure. This delays

everything from procurement to pilot licensing.”
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Others expressed concerns that without a strong, globally harmonized policy environment, manufacturers may avoid

entering emerging markets like India due to procedural and compliance ambiguity.

3. Economic constraints

The third most cited barrier was the high capital cost and uncertain return on investment associated with electric aircraft.
84 percent of respondents believe that electric aircraft will be costlier to acquire than conventional aircraft, and only 38
percent were confident that operational savings (through lower fuel and maintenance costs) would compensate within a

reasonable time frame.

Several airline executives noted that with current tight margins in regional operations, the introduction of a high-cost asset

without strong government subsidies or financing mechanisms could be commercially unviable.

As one stakeholder noted:

“We are open to electric aircraft, but not at the expense of financial stability. The economics don’t yet make sense unless

the government comes in with strong incentives or infrastructure support.”

4, Infrastructural readiness

Another key theme was the lack of supporting infrastructure, particularly at regional airports. 70 percent of participants
indicated that charging infrastructure, maintenance support, and availability of skilled personnel are inadequate or non-

existent.

The lack of standardized charging stations, long recharging times, and absence of trained technicians for high-voltage
battery systems were seen as major operational hurdles. Many airports under the UDAN scheme do not yet have the

electrical capacity or layout to accommodate future e-aircraft needs.

From the interviews:

“Most of our regional airports weren’t designed with electric mobility in mind. Retrofitting charging stations and

maintenance bays is a massive investment.”

5. Awareness and perception

Finally, stakeholder perception and awareness also emerged as important findings. Despite interest in sustainability, over

40 percent of respondents admitted to having limited exposure to operational data or test flights of electric aircraft.

This lack of awareness contributes to a cautious or skeptical attitude toward adoption. Additionally, stakeholders
emphasized the need for pilot programs or government-sponsored demonstrations to build trust and familiarity with the

technology.
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Some key comments included:
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“Until we see them flying in our skies, it’s hard to imagine how these aircraft will fit into our current systems.”

“People are hesitant not because they don’t believe in the technology—but because there’s nothing concrete on the ground

2

yet.

Quantitative summary (based on survey responses)

Barrier Category Percentage of Respondents Identifying as Major Barrier

Battery and range limitations  ||68%

Regulatory delays 72%
High acquisition cost 84%
Lack of infrastructure 70%

Awareness and market exposure|[40%

(See Appendix B for full tables, charts, and question-wise response breakdown.)

Summary of key findings

Stakeholders are generally optimistic but cautious about the potential of electric aircraft. Economic feasibility is
considered the most pressing short-term challenge. Regulatory and infrastructural readiness must be addressed
simultaneously to enable safe and efficient adoption. Greater public-private collaboration, along with pilot projects and

government incentives, are seen as critical enablers for progress.

LIMITATIONS

Every research endeavor, regardless of the care taken in its design and execution, encounters certain limitations that may
affect the interpretation, application, or generalization of its findings. This study, which investigates the barriers to
adoption of electric aircraft in regional air transport through primary data collection, is no exception. The following

limitations were observed and acknowledged throughout the course of this research.
i. Sample Size and Representativeness

The study's primary data was collected from a total of 60 participants, including 50 individuals who responded to a
structured survey and 10 who participated in semi-structured interviews. While the respondents were drawn from diverse
roles within the aviation sector—such as airline management, regulatory bodies, ground operations, and aerospace
engineering—the overall sample remains relatively small. This limited sample size restricts the statistical generalizability

of the study’s findings to the broader aviation industry, especially at a global level.
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Furthermore, most participants were located in India or had professional exposure within the Indian aviation landscape.

As a result, their views may not fully capture the nuances of adoption challenges faced in other regions with more mature
electric aviation ecosystems, such as the United States, Norway, or Germany. Regional bias may therefore influence the
applicability of the findings in a global context.

ii. Limited Real-World Experience with Electric Aircraft

A major limitation of this study is the early stage of commercialization of electric aircraft. As of the time of data collection,
no fully electric commercial aircraft had been deployed on a regular basis within regional air transport in India or many
parts of the world. Consequently, participant responses were predominantly based on projected assumptions, perceived
feasibility, and secondary knowledge, rather than firsthand experience or practical data.

This reliance on theoretical and speculative input may reduce the predictive reliability of certain conclusions, particularly
those related to performance metrics, economic viability, and regulatory implications. The absence of operational case

studies in the Indian context further restricts the ability to draw grounded, evidence-based insights.

iii. Response Bias and Subjectivity

As with most qualitative research, particularly that which involves interviews and surveys, there exists the risk of response
bias and subjectivity. Participants may have provided answers that reflect personal opinions, organizational perspectives,
or socially desirable responses. For instance, professionals working in regulatory bodies may downplay challenges within
certification processes, while those in private airline operations may overemphasize cost constraints to highlight funding

needs.

Despite the anonymization of responses and assurances of confidentiality, some participants may have moderated their
responses due to perceived reputational concerns. Additionally, interpretations made during thematic coding are inherently

influenced by the researcher’s analytical lens, introducing a degree of subjectivity, even with efforts to ensure consistency.

iv. Instrumentation Limitations

Although the survey and interview instruments were developed based on existing literature and were pre-tested for clarity,
some limitations in their design may have influenced response quality. Certain terminologies, such as "regulatory
readiness” or “infrastructure maturity,” may have been interpreted differently by participants depending on their

backgrounds and roles in the aviation ecosystem.

Furthermore, while open-ended questions were intended to capture depth and nuance, some responses were either too
brief to extract meaningful insights or too ambiguous to categorize clearly. The survey's Likert-scale questions also may
not have captured the full spectrum of opinions, especially when complex trade-offs or context-specific factors were

involved.
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v. Temporal and Technological Constraints

The field of electric aviation is rapidly evolving. Technological advancements in battery energy density, hybrid-electric
propulsion systems, and charging infrastructure are occurring at a fast pace. As such, the findings of this study must be
interpreted within the temporal context of data collection (March to April 2025). Barriers identified as critical at the time

may be mitigated or resolved in the near future through innovation or policy change.

For example, battery technologies are expected to see significant improvements by 2026-2027, and ongoing pilot
programs in countries like Norway and the United States could offer lessons that would alter perceptions of feasibility
and readiness. Hence, some insights may become outdated unless continually revalidated with updated data.

vi. Validity and Reliability Considerations

While the research instruments were designed using validated frameworks and informed by academic literature, the
qualitative nature of the analysis raises potential concerns about internal validity and reliability. Construct validity may
be limited by the variability in how participants understood key concepts. The reliability of interview results is dependent
on the consistency with which interviews were conducted; although a semi-structured format was used, interviewer style

and interpretation may have varied subtly across different sessions.

In addition, the study does not include a longitudinal component, meaning that shifts in stakeholder perception over time
were not captured. As electric aviation moves from concept to reality, stakeholder opinions, readiness levels, and

technological understanding are likely to evolve significantly.

vii. Lessons for Future Research

This study has surfaced several lessons that can inform future research in this domain. First, it highlights the need for
larger, more representative samples across multiple geographies, particularly in countries where electric aircraft testing is
already underway. Second, the inclusion of longitudinal data or follow-up studies can better track how perceptions and
adoption readiness evolve over time. Third, mixed-methods research incorporating simulation data, lifecycle cost analysis,
and environmental impact modeling could enhance the robustness of insights. Lastly, future studies should consider
including other stakeholder groups such as passengers, airport authorities, aircraft lessors, and training institutions for a

more comprehensive perspective.

CONCLUSIONS AND RECOMMENDATIONS

Conclusions

This study explored the key barriers to the adoption of electric aircraft in regional air transport, with a focus on the Indian
aviation context. By employing a qualitative, exploratory research design based on primary data gathered from 60
stakeholders across the aviation industry, the study identified five dominant themes hindering the integration of electric
aircraft into regional operations: technological limitations, regulatory uncertainties, economic constraints, infrastructural

challenges, and gaps in stakeholder awareness.
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The analysis revealed that technological readiness remains a foundational barrier. Although electric aircraft offer

promising environmental and operational advantages, current battery technology does not support the range and payload
requirements necessary for regional operations. Stakeholders expressed strong concerns about the limitations of lithium-
ion battery energy density and the need for alternative or hybrid systems before full electric adoption becomes feasible.

Regulatory uncertainty was also cited as a critical roadblock. Existing certification frameworks in India have not yet been
updated to accommodate electric propulsion systems. In the absence of well-defined regulations, many industry
participants are reluctant to commit resources to untested or unapproved technologies. This lack of regulatory readiness

not only delays adoption but also discourages innovation and private investment in the electric aviation sector.

Economically, electric aircraft are currently perceived as high-risk investments. With higher acquisition costs and
underdeveloped infrastructure, most regional carriers find the business case unconvincing. The expected long-term
benefits of electric aircraft—lower maintenance costs, reduced fuel consumption, and compliance with environmental
mandates—are overshadowed by short-term capital expenditures and operational uncertainty. The majority of respondents

agreed that, without significant subsidies or policy incentives, the return on investment remains ambiguous.

Infrastructure was another major concern. Regional airports in India, particularly those developed under the UDAN
scheme, are currently not equipped to handle electric aviation operations. The lack of charging stations, inadequate electric
grid capacity, and a shortage of trained maintenance staff were identified as key limiting factors. Respondents emphasized
that infrastructure planning must precede aircraft deployment to ensure operational feasibility and safety.

Finally, the study found that a considerable portion of stakeholders have limited exposure to real-world electric aircraft
demonstrations or pilot programs. This awareness gap fosters skepticism and slows momentum for change. There is a
general willingness to consider sustainable alternatives to conventional aviation, but this willingness has yet to translate

into meaningful action due to the absence of clear evidence, policy direction, and industry case studies.

In summary, while the outlook for electric aircraft in regional air transport is conceptually promising and aligned with
global sustainability goals, its practical implementation is currently constrained by a mix of technological immaturity,
regulatory inertia, economic hesitancy, and systemic unpreparedness. These barriers need to be addressed through
coordinated efforts involving government bodies, private stakeholders, research institutions, and international aviation

regulators.

Recommendations

Based on the findings and conclusions of this study, several recommendations are proposed to accelerate the adoption of

electric aircraft in regional air transport:

. Policy and regulatory reformRegulatory bodies such as DGCA (Directorate General of Civil Aviation)
should establish a dedicated framework for electric aircraft certification, in alignment with international standards
set by agencies like EASA and FAA.
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. Introduce provisional operating categories and experimental licenses to enable controlled pilot projects

without full commercial approval, encouraging real-world learning.
. Develop regulatory roadmaps that clearly outline the timeline, requirements, and safety protocols for the
phased introduction of electric aircraft.

2. Financial and economic incentives

. Provide capital subsidies or tax incentives to early adopters and manufacturers of electric aircraft and

related infrastructure.

. Establish green aviation funds or public-private partnerships to share financial risk in early deployment
stages.

. Allow for carbon credit trading for airlines operating low-emission aircraft to make the business case
more viable.

3. Technological and research support

. Encourage investment in battery research and propulsion technologies through government-backed grants

and university-industry collaborations.

. Promote the development of hybrid-electric aircraft as a transitional solution until full-electric models
achieve commercial viability.

. Support indigenous startups working on electric aviation components, systems integration, and

lightweight materials.

4, Infrastructure development

. Mandate charging infrastructure deployment at regional airports identified under the UDAN scheme and
other connectivity programs.

. Upgrade electrical grid capacities and build dedicated hangars and maintenance bays for electric aircraft.
. Launch technical training programs to upskill existing MRO personnel and ground staff in battery

management and electric propulsion systems.

5. Awareness, demonstration, and education

. Fund pilot demonstration projects at selected regional airports to build confidence among airlines and the
traveling public.

. Organize stakeholder workshops, conferences, and field visits involving policymakers, airport operators,
and airline executives.

. Integrate electric aviation content into aviation management and aeronautical engineering curricula to

develop a future-ready workforce.

6. Recommendations for future research
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. Conduct longitudinal studies tracking stakeholder perceptions and technological changes over time.
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. Expand research to include passenger perspectives, environmental impact assessments, and comparative
case studies from other emerging markets.
. Use simulation modeling and cost-benefit analysis to forecast financial feasibility under various adoption

scenarios.

In conclusion, while electric aircraft hold transformative potential for making regional air transport more sustainable, their
adoption will require systemic reforms, technological advancement, and proactive policy intervention. By acting on the
recommendations outlined above, stakeholders can collectively pave the way for a cleaner, quieter, and more efficient

future in aviation.
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APPENDICES

Appendix A: Survey Questionnaire

Title: Survey on Barriers to Adoption of Electric Aircraft in Regional Air Transport

Target Respondents: Aviation professionals, engineers, airport personnel, regulatory officials

Part I: Respondent Profile

Part I1:

Name (optional):

Designation:

1
2
3. Organization/Institution:
4

Years of experience in aviation industry:
[0 <2 years [ 2-5 years [ 6-10 years [ >10 years
5. Area of specialization:

O Engineering I Airline operations (I Regulation O Ground staff 0 MRO O Academia
Perceptions and Barriers

6. How familiar are you with electric aircraft technologies?

O Not at all familiar O Slightly familiar O Moderately familiar I Very familiar O Expert level
7. Do you think electric aircraft are suitable for regional operations (100-800 km)?

O Yes O No [ Not sure

8. What do you consider the most critical technical barrier? (Choose one)

O Battery energy density (I Payload limitations O Flight range [J Integration issues

9. In your view, what are the top three barriers to adoption of electric aircraft? (Select 3)
[ Technological (battery, propulsion)

O Regulatory (certification, standards)

O Economic (cost, ROI)

O Infrastructure (charging, maintenance)

O Lack of awareness/trust

O Training and skills gaps

10. Rate the following statements on a scale of 1 (Strongly Disagree) to 5 (Strongly Agree):

Statement ﬂ

Electric aircraft are a viable alternative for short-haul routes. UUHUU
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Statement

=]
N |
|
N
W |

Current infrastructure is ready to support electric aviation.

Regulatory frameworks are clear and supportive.

Government should offer subsidies to airlines adopting electric aircraft.

My organization is likely to invest in electric aircraft in the next 5 years.

11. Open-ended:
What steps do you believe are essential for successful adoption of electric aircraft in regional aviation?

Appendix B: Interview Protocol
Title: Semi-Structured Interview Guide
Interview Duration: 10-15 minutes
Interview Mode: Online (Zoom or Google Meet) and in-person (where possible)
Sample Questions:

1 What is your understanding of the current status of electric aircraft development?

2 What key technological hurdles do you see in adopting electric aircraft for regional routes?

3 How prepared do you think Indian regulators and policies are for electric aviation?

4, Are you aware of any ongoing pilot projects or trials of electric aircraft in India or abroad?

5 What infrastructure investments would be necessary at airports to enable this transition?

6 What kind of policy support or economic incentives would encourage your organization to consider
electric aircraft?

7. Do you believe customers/passengers will readily accept electric aircraft?
Consent Statement:

This interview is being conducted for academic research. Your identity will remain confidential, and the information will
be used strictly for educational purposes.

Appendix C: Summary of Survey Results

Barrier Type % Respondents Flagging as Major
Battery and range issues 68%
Regulatory delays 72%
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Barrier Type % Respondents Flagging as Major
High acquisition cost 84%
Lack of infrastructure 70%
Awareness and market trust 40%

m Battery and range issues = Regulatory delays

m High acquisition cost m Lack of infrastructure

Likert-Scale Response Average Summary

‘ Statement “Average Score (1—5)HInterpretati0n‘
‘Electric aircraft are a viable alternative for short-haul routes. “4.2 HAgree ‘
‘Current infrastructure is ready to support electric aviation. HZ.I HDisagree ‘
‘Regulatory frameworks are clear and supportive. “2.3 HDisagree ‘
‘Government should offer subsidies to airlines adopting electric aircraft. H4.6 HStrongly Agree‘
‘My organization is likely to invest in electric aircraft in the next 5 years.“3.0 HNeutral ‘

Coding Framework for Thematic Analysis

Theme Subthemes Source Type
Technological||Battery density, range, payload Survey & Interview
Regulatory ||Certification, policy gap, delay Interview
Economic Cost, ROI, funding Survey & Interview
Infrastructure ||Charging, hangars, training Interview
Awareness  ||Perception, exposure, demonstration||Survey & Interview
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