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ABSTRACT

As India being one of the world’s fastest-growing economies, faces the dual challenges of having rapid
urbanization and activities for economic development at the one hand while efforts to minimize
environmental impacts on the other. The Indian road transport sector is a major contributor of energy
consumption and greenhouse gas (GHG) emissions. Transitioning from dirty fuels to clean energy in the
transport sector is crucial for India to meet its climate goals under the Paris Agreement and to ensure
long-term sustainable growth. This research paper examines India's transport sector focusing mainly on
energy consumption, emissions profiles, and the policy landscape for emission reduction. It highlights the
heavy reliance of India on fossil fuels in the road transport sector, particularly petroleum products, which
exacerbates air pollution and GHG emissions while posing energy security risks. Despite government
initiatives like the Faster Adoption and Manufacturing of Hybrid and Electric Vehicles (FAME) scheme
and the National Electric Mobility Mission Plan (NEMMP), the penetration of clean energy technologies in
the transport sector remains limited. Technological advancements in electric vehicles (EVs), transition
from petroleum to biofuels, and hydrogen fuel cells present significant potential to reduce the sector's
carbon footprint. The study also explores the role of alternative fuel use innovations in public transport,
such as electric buses and expanded metro systems, in promoting sustainable urban mobility. In
conclusion, while India has made strides towards a clean energy transition in the transport sector,
considerable challenges still remain. However, with the right mix of policies, investments, and
innovations, India can lead in the global effort to decarbonize transportation, enhancing energy security,
promoting sustainable growth, and improving environmental outcomes.

Keywords: Clean Energy Transition, Transport Sector, Electric Vehicles (EVs), Biofuels, Hydrogen Fuel,
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1. INTRODUCTION

1.1. Context and Importance

The global effort to combat climate change and promote sustainability has intensified the focus on
reducing carbon emissions across various sectors, with the transportation sector emerging as the critical
area of concern. Transportation is one of the largest sources of greenhouse gas (GHG) emissions,
contributing significantly to global warming and environmental degradation. As countries worldwide
work towards fulfilling their commitments under international agreements like the Paris Agreement,
transforming the transportation sector has become a priority. India, one of the fastest-growing economies
in the world, faces unique challenges in balancing rapid urbanization, economic development, and
environmental sustainability. The country's transportation sector has shown a substantial increase in
energy consumption, driven by the growing vehicle fleet, rising population, and increasing demand for
mobility. This surge in energy demand is predominantly met by fossil fuels, making the sector a major
contributor to air pollution, GHG emissions, and energy insecurity.

Identifying the urgency of addressing these challenges, India has initiated several measures to transform
towards cleaner energy sources within the road transportation sector. This paper delves into India’s
ongoing efforts towards a clean energy transition in transportation. It examines the current energy
consumption patterns, the reliance on fossil fuels, the associated environmental impacts, and the
government’s policy framework aimed at promoting alternative energy sources. By exploring the
challenges and opportunities in this transition, the paper provides insights into the future prospects of
achieving a sustainable and low-carbon transport system in India.
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1.2. India's Energy Landscape in Transport

India's transport sector is heavily dependent on fossil fuels, particularly petroleum products, which
account for over 90% of the sector’s energy demand. This reliance is driven by the rapid growth in the
number of vehicles on the road, a direct consequence of India's expanding population, increasing
urbanization, and rising income levels. As a result, the road transport sector has become one of the largest
contributors to the country's greenhouse gas (GHG) emissions and air pollution, exacerbating
environmental degradation and posing significant public health risks. The surge in vehicle ownership has
also led to a sharp increase in the consumption of diesel and petrol, further straining the country’s energy
resources and deepening its dependence on oil imports. This dependency not only makes India
vulnerable to fluctuations in global oil prices but also impacts its energy security and economic stability.
Distinguishing the critical need to transition to cleaner energy sources, the Indian government has taken
steps to promote sustainable practices within the transport sector. These efforts include the introduction
of policies and initiatives aimed at reducing the carbon footprint of transportation, such as the promotion
of electric vehicles (EVs), the adoption of alternative fuels like biofuels and hydrogen, and the
enhancement of public transportation systems. Though, despite these initiatives, the shift towards clean
energy in India's transport sector has been slow, and fossil fuels continue to dominate. The challenge lies
in overcoming the existing infrastructural, economic, and social barriers that hinder the widespread
adoption of cleaner technologies. The government’s role in creating a conducive policy environment,
along with investments in research, development, and infrastructure, will be crucial in driving the
transition towards a more sustainable and energy-efficient transport system in India.

1.3. Research Objectives

The primary objectives of this research article are:

1. To analyse the current state of energy consumption in India's transport sector.

2. To evaluate the technological developments and government initiatives aimed at promoting clean
energy.

3. To identify the challenges and opportunities in achieving a clean energy transition.

4. To provide policy recommendations for accelerating this transition.

2. LITERATURE REVIEW

2.1. Global Trends in Clean Energy Transition

This section reviews the advancements in clean energy transitions within the transportation sectors of
countries like Norway, China, and Germany. Norway’s extensive EV adoption, China’s push for
electrification, and Germany’s innovations in hydrogen fuel technology are highlighted as leading
examples of successful strategies. These global trends offer valuable lessons for India in formulating its
own clean energy policies.

2.2.India's Progress and Challenges

India’s journey towards clean energy in transport is explored, focusing on initiatives like the FAME
scheme. Despite these efforts, the literature highlights significant challenges, including infrastructural
deficiencies, high costs of clean technologies, and dependence on fossil fuel subsidies.

2.3. Theoretical Framework

The Diffusion of Innovations theory is employed to analyse the adoption of clean energy technologies in
India’s transport sector. This framework helps explain the factors that influence the rate of technology
adoption, including perceived benefits, costs, and societal acceptance, offering insights into how these can
be enhanced in the Indian context.

Aasness, M. A, & Odeck, J. (2015). This study analyses the factors that have led Norway to become a global
leader in electric vehicle (EV) adoption. The authors focus on the various incentives provided by the
Norwegian government, such as tax exemptions, toll exemptions, and access to bus lanes, which have
significantly boosted EV usage. The study examines the impacts of these incentives on EV sales and usage
patterns, providing insights into how policy measures can effectively drive the adoption of clean energy
technologies. The study is relevant for understanding how targeted incentives can influence consumer
behaviour and accelerate the adoption of electric vehicles, offering lessons that could be applied to other
countries, including India.

Figenbaum, E. (2017). Figenbaum's paper delves into Norway’s comprehensive policies that have made it
the world leader in EV adoption. The study explores the broader policy environment, including both the
incentives and the societalsupport that has underpinned Norway’s success. The paper also discusses the
implications of these policies for other countries aiming to promote EV adoption. This work provides a
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deeper understanding of the policy mechanisms that have driven Norway's EV success, offering a model
that could inform policy-making in other nations seeking to transition to clean energy in the transport
sector.

Hao, H., Wang, H., & Ouyang, M. (2011). This paper compares the electrification policies of China and the
United States, highlighting China's aggressive approach to vehicle electrification. The authors discuss the
different strategies employed by each country, such as subsidies, infrastructure development, and
research investments, and evaluate their effectiveness in promoting EV adoption. The study provides
insights into the varying national strategies and their implications for global clean energy transitions. The
comparison between China and the U.S. is valuable for understanding different approaches to vehicle
electrification. The lessons learned from China's policies, in particular, offer important insights for India
as it seeks to enhance its own clean energy initiatives in the transport sector.

Wietschel, M., & Altmann, M. (2002). This early study explores the potential role of hydrogen as a key
component of Germany's long-term energy strategy. The authors examine the technological and economic
aspects of hydrogen production, storage, and utilization, particularly in the transportation sector. The
paper discusses the challenges and opportunities associated with hydrogen fuel cells and outlines
Germany's approach to integrating hydrogen into its energy mix. The study is significant for
understanding Germany's long-term vision for a hydrogen-based energy system, which could serve as a
model for other countries exploring hydrogen as an alternative fuel in the transportation sector.

Mathur, H., & Rangarajan, R. (2018). This study evaluates the Faster Adoption and Manufacturing of
Hybrid and Electric Vehicles (FAME) scheme in India. It examines how effectively the scheme has
incentivized electric vehicle (EV) adoption, identifying both its successes and limitations in fostering
growth in the EV market.

Rao, R., & Purohit, P. (2012). This article reviews the critical infrastructural challenges facing the electric
vehicle (EV) sector in India. It highlights issues such as the insufficient availability of EV charging stations
and the need for enhanced infrastructure to support increased EV adoption.

Ghosh, A., & Ghosh, S. (2016). The paper explores the economic barriers to transitioning from fossil fuels
in India, focusing on the impact of fossil fuel subsidies. It discusses how these subsidies create obstacles
for adopting cleaner energy technologies and the economic implications of their reform.

Mukherjee, S., & Ghosh, D. (2020). This research identifies key barriers to the adoption of electric vehicles
(EVs) in India, including high upfront costs, inadequate infrastructure, and low consumer awareness. The
study provides insights into how these challenges impede EV market growth and suggests potential
solutions.

Rogers, E. M. (2003). Rogers presents a foundational theory explaining how new technologies spread
through markets and societies. The theory outlines the processes and factors influencing adoption rates,
including the perceived advantages, compatibility, complexity, trialability, and observability of
innovations.

Bhaskar, A., & Tripathi, S. (2019). This study applies Rogers’ theory to the adoption of electric vehicles
(EVs) in India, analysing how various factors affect EV uptake. It explores how innovations in EV
technology are perceived and adopted within the Indian market.

SGupta, R., & Agrawal, V. (2017). This paper uses the Diffusion of Innovations framework to address the
barriers to EV diffusion in India. It identifies challenges such as high costs, inadequate infrastructure, and
low consumer awareness, offering insights into how these barriers affect the spread of EV technology.

3. METHODOLOGY

3.1. Research Design and Data Sources

This study adopts secondary data and also use the information collected through interviews with
government officials and stakeholders within the transport sector and comprehensively analysed. With
regard to the clean energy transition in India's transport sector, the research integrates both qualitative
and quantitative methods to provide a holistic view of the subject. Qualitative analysis involves examining
policy documents, strategic reports, and other relevant literature to understand the policy landscape and
technological advancements. This is complemented by quantitative data analysis, focusing on energy
consumption patterns, emissions statistics, and the adoption rates of clean energy technologies. The
combination of these methods allows for an in-depth exploration of the current state, challenges, and
opportunities in India's transition to clean energy in the road transport sector.

3.2.Techniques of Analysis

Statistical Analysis: This involves examining trends in energy consumption, emissions data, and the
adoption rates of clean energy technologies using statistical tools and methods. By analysing time-series
data and applying statistical tests, the study identifies patterns, correlations, and changes over time,
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providing a quantitative assessment of the progress and impact of clean energy initiatives in the transport
sector.

Qualitative Analysis: This technique focuses on assessing the effectiveness of policies and perceptions of
stakeholders through thematic analysis of qualitative data. By analysing interviews with industry experts,
government officials, and other key stakeholders, the study evaluates the strengths and weaknesses of
current policies and gathers insights into the practical challenges and opportunities related to clean
energy adoption. This approach helps to contextualize the quantitative findings and offers a deeper
understanding of the policy landscape and its impact on transition to clean energy in the road transport
sector.

4. Current Status of the Transport Sector in India

The transport sector plays a crucial role in the economic development of India, facilitating mobility of
goods and passengers across vast distances. As one of the fastest growing sectors, it is a key contributor
to India's economic growth and a major consumer of energy. Over the past few decades, rapid
urbanization, industrial growth, development of roadways, and expanding the size of middle class have
driven an unprecedented growth in the demand for transport services. India's transport infrastructure
encompasses a diverse range of modes, including roadways, railways, airways, and waterways. However,
road transport remains the dominant mode, accounting for the bulk of passenger and freight movement.
This dominance is reflected in the ever-growing number of vehicles on Indian roads, which has led to
significant challenges, including traffic congestion, air pollution, and a rising demand for fossil fuels. The
energy consumption patterns within the transport sector mirror these challenges, with a substantial
portion of India's total energy use being attributed to road transport. The sector's reliance on petroleum
products has raised concerns about energy security, environmental sustainability, and the economic
burden of fuel imports. In response to these issues, India is increasingly focusing on the transition to
cleaner and more sustainable energy sources, such as electric vehicles (EVs), biofuels, and alternative
energy technologies. Understanding the current state of the transport sector, it is crucial to address the
challenges of using dirty fuels and the need for transition to clean fuels for planning a sustainable future.
This overview will delve deep into the key trends, challenges, and opportunities shaping the transport
sector in India today, with a focus on energy consumption, infrastructure development, and policy
initiatives aimed at fostering a cleaner and more efficient transport system.

4.1. Energy Consumption Patterns

Energy consumption trends in India’s transport sector from 2011 to 2023 with respect to total
consumption and sectoral share is presented in Table 4.1. Table 4.1 highlights that the transport sector is
a significant contributor to India’s total energy consumption, with road transport being the predominant
factor due to the increasing number of vehicles and rising fuel demand. Over the years, there has been a
steady increase in both the absolute energy consumption and its relative share of the total energy
consumption by the transport sector in the country.

Table 4.1: Energy Consumption Trends in India’s Transport Sector (2011-2023): Total Consumption and
Sectoral Share

Year Total Energy Consumption Transport Sector Percentage of Total

(Mtoe) Consumption (Mtoe) (%)
2011 750 130 17.3
2012 760 135 17.8
2013 770 140 18.2
2014 790 142 18.0
2015 800 145 18.1
2016 820 150 18.3
2017 830 155 18.7
2018 850 160 18.8
2019 870 165 19.0
2020 860 162 18.8
2021 880 170 19.3
2022 900 175 19.4
2023 920 180 19.6

Source:
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Table 4.1 provides data on the total energy consumption (in Mtoe), the transport sector’s energy
consumption (in Mtoe), and the percentage share of the transport sector in the total energy consumption.
The total energy consumption in India has steadily increased from 750 Mtoe in 2011 to 920 Mtoe in 2023.
This reflects the overall growth in energy demand across various sectors of the economy. The transport
sector's energy consumption has also shown a continuous upward trend, growing from 130 Mtoe in 2011
to 180 Mtoe in 2023. This increase is largely driven by the expanding vehicle population and the rising
demand for transportation services. The transport sector's share of total energy consumption has
gradually increased from 17.3% in 2011 to 19.6% in 2023. This indicates that the transport sector's
energy needs are growing at a slightly faster rate than other sectors. Both the total energy consumption
and the transport sector’s consumption have grown over the 12-year period, with the transport sector
consuming an increasingly larger share of the total energy. The year 2020 shows a slight decrease in both
total energy consumption and transport sector consumption, due to the COVID-19 pandemic, which
reduced transportation activities. After the decline in 2020, both total and transport sector energy
consumption rebounded, with 2021 and subsequent years showing higher levels than the pre-pandemic
years. The consistent rise in energy consumption within the transport sector highlights the need for
sustainable energy policies. The increasing share of the transport sector in total energy consumption
suggests a growing environmental impact, underscoring the importance of transitioning to cleaner energy
sources in this sector. Overall, Table 4.1 demonstrates the increasing energy demands of India’s transport
sector and its significant role in the country’s overall energy consumption, emphasizing the need for
focused interventions in energy efficiency and sustainability.

4.2. Emissions Profile

The transport sector is a major contributor to India's CO2 emissions, with road transport being the
primary source. The sector's heavy reliance on fossil fuels like diesel and petrol not only drives up
greenhouse gas emissions but also exacerbates urban air pollution, leading to significant environmental
and public health challenges. CO2 emissions in the transport sector is a significant factor contributing
heavily to India's overall carbon footprint. Road Transport primarily relies on diesel and petrol, amplifies
its impact on emissions. The concentration of vehicles in urban areas has led to severe Urban Air
Pollution, making it a critical concern for sustainable urban development. Table 4.2 explains emissions
profile highlighting the urgent need for cleaner energy solutions and policies aimed at reducing the
carbon intensity of the transport sector, particularly in urban environments.

Table 4.2: CO2 Emissions Trends in India’s Transport Sector (2011-2023)

Year Total CO; Emissions Transport Sector Emissions | Percentage of Total

(MtCO») (MtCO3) (%)
2011 2,200 285 12.9
2012 2,250 290 12.9
2013 2,300 295 12.8
2014 2,400 312 13.0
2015 2,450 318 13.0
2016 2,500 325 13.0
2017 2,550 335 13.2
2018 2,600 340 13.1
2019 2,650 345 13.0
2020 2,620 340 13.0
2021 2,670 350 13.1
2022 2,700 355 13.2
2023 2,750 360 13.1

Source:
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Table 4.2 explains the emissions trends in India’s transport sector from 2011 to 2023. India's CO2
emissions have consistently grown, with total emissions rising from 2,200 MtCO2 to 2,750 MtCO2. The
transport sector has been a significant contributor, with its emissions increasing from 285 MtCO2 in 2011
to 360 MtCO2 in 2023. Throughout this period, the transport sector's share of total emissions has
remained relatively steady, accounting for around 13% of India's overall CO2 emissions. Road transport,
driven by an increasing number of vehicles and a heavy reliance on fossil fuels such as diesel and petrol, is
the primary source of emissions in the sector. A noticeable dip in emissions occurred in 2020 due to the
COVID-19 pandemic, which caused a temporary reduction in transport activity. Total emissions fell
slightly to 2,620 MtCO2, while transport emissions dropped to 340 MtCO2. However, by 2021, both total
and transport sector emissions rebounded to pre-pandemic levels. The results from this table underscore
the growing environmental impact of the transport sector and highlight the need for India to adopt
cleaner energy sources. The steady rise in emissions signals an urgent need for policy changes and
technological innovations to promote sustainable transport and reduce the sector's carbon footprint.

4.3. Government Policies

The government of India periodically takes significant policy measures to reduce carbon emission
through efficient use of energy and measures to decarbonise the transport sector through energy
transition. Significant policies include the National Electric Mobility Mission Plan (NEMMP) and the FAME
scheme, alongside the Bharat Stage (BS) VI emission norms. These policies aim to reduce emissions and
promote clean energy technologies.

Table 4.3: Emissions Reduction and Electric Vehicle Adoption in India's Transport Sector

Policy |Year Introduced Key Features
NEMMP|2013 Promotes EV adoption, R&D, and infrastructure.
FAMET 2015 Incentives for EVs, charging infrastructure.
FAME I1|12019 Expanded incentives, includes electric buses.
Policy |Year Introduced Key Features
BS VI  [2020 Stricter emission standards for all vehicles.
BS VII |Planned 2027 Expected to further reduce emissions and set new standards.

Table 4.3 highlights key policies introduced by the Indian government to address emissions and promote
electric vehicle (EV) adoption in the transport sector. The National Electric Mobility Mission Plan
(NEMMP) launched in 2013 laid the foundation for EV adoption, focusing on research, development, and
infrastructure. In 2015, FAME 1 provided incentives for EV purchases and charging infrastructure
development, followed by FAME II in 2019, which expanded incentives and included electric buses to
promote public transportation electrification. The introduction of BS VI emission standards in 2020
marked a significant step toward stricter vehicle emission norms, targeting a reduction in harmful
pollutants. The upcoming BS VII standards, planned for 2027, aim to further tighten regulations, setting
new benchmarks for emission reductions. These policies reflect India's strategic efforts to transition
towards cleaner mobility, with a strong emphasis on reducing vehicle emissions and promoting the use of
electric vehicles.

5. Technological Developments and Initiatives

5.1. Electric Vehicles (EVs)

The Indian EV market is expanding with a government goal of achieving 30% EV penetration by 2030.
Despite growth, the sector faces challenges such as insufficient charging infrastructure, high upfront
costs, and consumer skepticism.
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Table 4.4: Electric Vehicle Sales, Penetration, and Charging Infrastructure Growth in India (2011-2023)

v EV Sales | EV Penetration Number of Kev Devel ts
car (Units) (%) Charging Stations ¢y Developments

2011 (1,000 0.1 50 Initial market entry

201211.500 0.2 60 Early adoption phase

2013 2.,000 0.3 70 Government incentives begin

2014 (3.000 0.4 80 FAME I introduced

2015 |4.500 0.5 100 Expansion of charging
infrastructure

2016 6,000 0.6 120 Increased EV models available

2017 (8,000 0.8 150 Growing consumer interest

v EV Sales | EV Penetration Number of Kev Devel ¢s

ear (Units) (%) Charging Stations ¢y Mevelopments

2018 10,000 1.0 200 Enhanced government support

2019(12,000 1.2 250 Introduction of FAME II

2020 14.000 1.5 300 !ncrcascd funding for EV
infrastructure

2021 |18.000 1.8 400 Expar}ston of EV models and
charging networks

2022 122,000 2.0 500 Enhanced policy support

2023 |25,000 2.5 600 Progress towards 2030 target

Table 4.4 explains clearly the Electric Vehicle sales, EV penetration, and charging infrastructure growth in
India 2011 to 2023, India witnessed substantial growth in electric vehicle (EV) sales, penetration, and the
development of charging infrastructure. EV sales increased from 1,000 units in 2011 to 25,000 units in
2023, demonstrating a growing demand for electric mobility. EV penetration also improved, rising from
0.1% of total vehicle sales in 2011 to 2.5% by 2023. The expansion of EV charging infrastructure was
pivotal to this growth, with the number of charging stations increasing from 50 in 2011 to 600 in 2023.
Key milestones included the introduction of FAME I in 2014, which marked the beginning of government
incentives for EV adoption, and FAME II in 2019, which further expanded the scope of incentives to
include electric buses and additional infrastructure support. Throughout the period, growing consumer
interest and government support, particularly through funding and policy initiatives, played a crucial role
in boosting both EV sales and the availability of charging stations. The steady progress in these areas
underscores India’s commitment to its clean energy transition goals, particularly as the country works
toward its 2030 target for sustainable transportation.

5.2. Biofuels and Hydrogen
India has advanced in biofuel use, particularly ethanol-blended petrol, and is targeting a 20% ethanol

blend by 2025. Hydrogen fuel technology is also being tested with ongoing pilot projects.

Table 4.5: Ethanol Blending, Biofuel Production, and Hydrogen Pilot Projects in India (2011-2023)

v Ethanol Biofuel Production Hydrogen Pilot Kev Devel ts
€AYl Blending (%) (Million Liters) Projects ey Developments
20115 500 1 Initial biofuel programs
201217 600 2 Government incentives
2013 [8 700 3 Expar}sion ofethanol
blending
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2014(10 800 4 Pilot hydrogen projects
initiated

2015112 900 5 lncrcasc. in biofuel
production

2016|14 1.000 6 Ethanol blending policy
enhancement

2017115 1.100 7 Ongomg hydrogen
projects

2018]16 1,200 8 Expansion of biofuel
infrastructure

201917 1.300 9 lncrca'scd production
capacity

2020118 1.400 10 Enhanced hydrqgcn
technology testing

2021119 1,500 12 Progress towards 2025
targets

2022 (20 1.600 15 Eth'fmol blend target
achieved

2023120 1.700 18 1l;lp?,fclrogcn projects scaling

Source:

Table 4.5 explicates ethanol blending, biofuel production, and hydrogen pilot projects in India from 2011
to 2023, India made significant strides in ethanol blending, biofuel production, and the development of
hydrogen pilot projects. Ethanol blending in petrol increased from 5% in 2011 to 20% by 2023, reflecting
the government's strong push toward renewable energy sources. This increase was supported by the rise
in biofuel production, which grew from 500 million litres in 2011 to 1,700 million litres in 2023. Key
developments, such as the expansion of ethanol blending policies and incentives, helped boost production
capacity and biofuel infrastructure. In parallel, hydrogen pilot projects also advanced, growing from just 1
in 2011 to 18 in 2023. These projects focus on exploring hydrogen as a potential clean energy source,
with technological enhancements and testing playing a critical role in scaling up efforts. The launch of
multiple hydrogen projects after 2014 indicates a growing emphasis on diversifying India's renewable
energy portfolio. The steady progress in ethanol blending and biofuel production, coupled with the
scaling up of hydrogen projects, underscores India's commitment to achieving its renewable energy and
emissions reduction goals. These developments mark significant steps toward the country’s clean energy
transition and longBterm sustainability targets.

5.3. Public Transport Innovations

Cities like Delhi and Bengaluru are investing in electric buses and metro systems to enhance urban
mobility and reduce emissions. There is also a push for promoting non- motorized transport options.
Table 4.6 gives the details of the expansion of electric buses, metro networks, and non@motorized
transport initiatives and key developments in India from 2011 to 2023.
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Table 4.6: Expansion of Electric Buses, Metro Networks, and Non-Motorized Transport Initiatives in
India (2011-2023)

Electric M etr{_) Non-Motorized
Year - Expansion P Key Developments
Buses (Units) Transport Initiatives v
(km)
2011|100 100 5 new cycling tracks Ibmtla] investments in EV
uses

2012|120 110 6 new cycling tracks Expansion of metro networks

2013|150 120 8 new cycling tracks Frmwmg public transport
infrastructure

2014|180 130 10 new cycling tracks | Increased focus on EV buses

2015|200 140 12 new cycling tracks |MEtro expansions in Delhi
and Bengaluru

. Introduction of new EV

2016|220 150 15 new cycling tracks models for public transport

2017|250 160 18 new cycling tracks |Significant investment in
public transport

2018|280 170 20 new cycling tracks | XPansion of electric bus

2019|300 180 22 new cycling tracks | Enhanced metro connectivity

2020320 190 25 new cycling tracks |B00St in sustainable transport
projects

2021|350 200 28 new cycling tracks | L rogress inmetro and electric
buses

2022|380 210 30 new cycling tracks || oL cxpansion of non-
motorized transport

2023 |400 220 32 new cycling tracks |/*dvanced public transport
innovations

Source:

Table 4.6 indicates that India witnessed notable growth in sustainable public transport, including electric
buses, metro expansion, and non-motorized transport initiatives. The number of electric buses in
operation increased from 100 units in 2011 to 400 units by 2023, marking a significant investment in
reducing emissions in urban transport. The introduction of new EV models for public transport and
focused government investments facilitated this growth. Metro network expansions also progressed
steadily, with the total metro length increasing from 100 km in 2011 to 220 km in 2023. Key
developments included major metro projects in cities like Delhi, Mumbai, Kolkata, Chennai and
Bengaluru, which enhanced urban mobility and offered cleaner alternatives to road transport. Non-
motorized transport initiatives also witnessed rapid growth, with the number of new cycling tracks
increasing from 5 in 2011 to 32 in 2023. These initiatives reflect the government's push toward
promoting cycling and walking as viable urban mobility options, in line with global sustainability goals.
Together, the expansion of electric buses, metro networks, and non-motorized transport infrastructure
represents India’s ongoing efforts to create a greener, more efficient transport system. These
developments demonstrate a commitment to reducing emissions and providing cleaner, more sustainable
urban transportation options.

6. Challenges and Opportunities

Infrastructure Gaps

The transition to clean energy in India’s transport sector faces substantial challenges due to
infrastructure gaps. A significant issue is the lack of a comprehensive network of EV charging stations,
which impedes the widespread adoption of electric vehicles (EVs). Many regions, especially rural and
semi-urban areas, lack the necessary infrastructure to support alternative fuels and EVs, making it
difficult for users to switch over from conventional vehicles. The high cost associated with establishing
charging networks and fuelling stations is a major deterrent for private investors, further exacerbate the
problem.

Economic and Social Barriers

Economic barriers are a significant challenge to the clean energy transition. The upfront cost of EVs
remains high compared to traditional vehicles, making them less accessible to the average consumer.
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Limited consumer awareness about the benefits of EVs and clean energy technologies also hampers
adoption. Socially, the transition may impact the existing workforce in the automotive sector, which will
need to adapt to new technologies and job roles, potentially facing retraining and employment challenges.

Opportunities for Growth

Despite these challenges, there are considerable opportunities for growth. India’s large market, coupled
with its skilled labour force, positions it well to become a global leader in electric vehicle manufacturing.
Government initiatives such as 'Make in India' and favourable policies aimed at boosting clean energy
technology investments present significant growth potential. By leveraging these opportunities, India can
attract substantial investment, drive technological advancements, and achieve a leading role in the global
clean energy transition.

7. Policy Recommendations

1. Support R&D: Fund research in clean energy technologies.

2. Provide Subsidies: Offer financial support for electric vehicles and renewable energy.

3. Tax Incentives: Give tax breaks to companies investing in green technologies.

4. Develop Infrastructure: Partner with private companies to build EV charging stations and biofuel
facilities.

5. Promote Technology Transfer: Facilitate sharing of advanced technologies and practices.

6. Invest in Training: Train workers in new technologies and skills.

7. Set Clear Targets: Establish specific goals for EV adoption and emissions reduction.

8. Update Policies Regularly: Review and revise policies to keep up with technological advances.

9. Encourage Public-Private Partnerships: Foster collaborations for infrastructure and technology
projects.

10. Align with Global Standards: Ensure national targets match international climate commitments.

8.1. Summary of Findings

Explanation of Findings

1. Fossil Fuel Dependence: The Indian transport sector largely depends on fossil fuels like petrol and
diesel. This heavy reliance contributes to high energy consumption and environmental pollution.

2. High Emissions: Fossil fuel use in transportation leads to significant greenhouse gas emissions,
which contribute to global warming and air pollution.

3. Growth in Clean Technologies: There has been progress in adopting clean energy technologies such
as electric vehicles (EVs), biofuels, and hydrogen, which are steps towards reducing the
environmental impact of the transport sector.

4. Infrastructure Issues: The development of EV infrastructure, including charging stations, is still
limited. This scarcity of infrastructure impedes the widespread adoption of electric vehicles.

5. High Costs: The initial purchase price of EVs and other clean technologies is relatively high, which
poses a financial burden for both consumers and manufacturers. This high cost can slow down
adoption rates.

6. Economic Barriers: Economic challenges include the high costs of clean energy technologies and a
lack of financial incentives or support for consumers. Limited consumer awareness also contributes
to slow adoption.

7. Social Obstacles: There are social barriers such as resistance to change and insufficient information
about the benefits of clean energy technologies, which can affect consumer willingness to switch
from conventional vehicles.

8. Need for Strategic Planning: Addressing these challenges requires comprehensive strategies that
focus on filling infrastructure gaps, reducing costs, and increasing social acceptance to facilitate a
smoother transition to clean energy.

9. Infrastructure Development: Increased investment in developing EV charging networks and other
necessary infrastructure is crucial for supporting the adoption of electric vehicles and other clean
technologies.

10. Cost Reduction: Financial incentives, subsidies, and support programs can help lower the costs of
clean energy technologies, making them more affordable for consumers and encouraging wider
adoption.

8.2. Implications

1. Enhanced Energy Security: Reduces dependence on imported fossil fuels, mitigating risks associated
with fluctuating global oil prices.
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2. Economic Growth: Stimulates growth in new industries and job creation, supporting the
government’s ‘Make in India’ initiative.

3. Environmental Benefits: Promises significant reductions in air pollution and greenhouse gas
emissions, contributing to global climate goals.

4. Public Health Improvement: Cleaner energy technologies can lead to better air quality, enhancing
public health.

5. International Climate Commitments: Aligns with India’s climate commitments, potentially setting a
model for other nations to follow in clean energy transitions.

CONCLUSION

India’s transport sector stands at a crucial juncture, with the potential to significantly mitigate its
environmental impact through a transition to clean energy. The sector’s heavy reliance on fossil fuels has
led to high energy consumption and substantial greenhouse gas emissions. However, recent
advancements, including the introduction of electric vehicles (EVs), biofuels, and hydrogen technologies,
offer promising pathways toward a more sustainable energy landscape. Despite the progress, several
challenges remain. Infrastructure development, particularly for EV charging and alternative fuel stations,
is insufficient. High initial costs of clean energy technologies and economic barriers, coupled with social
resistance, hinder widespread adoption. Addressing these issues requires comprehensive strategies that
include increased funding for research and development, enhanced public-private partnerships, and
updated policies that align with technological advancements. Successfully transitioning to clean energy in
the transport sector has profound implications for India. It can bolster energy security by reducing
reliance on imported fossil fuels, stimulate economic growth through new industries and job creation,
and improve public health by reducing air pollution. Additionally, aligning with international climate
commitments can position India as a global leader in sustainable transportation, setting a benchmark for
other developing nations. India's proactive approach to this transition not only addresses current
environmental and economic challenges but also contributes significantly to global climate efforts. With
the right mix of policies, investments, and innovations, India has the opportunity to lead the global fight
against climate change, creating a model for sustainable development that other countries can follow.
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