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Abstract-Concerns over energy security and environmental 
degradation are instigating a paradigm shift in India's 
transportation sector towards sustainable mobility solutions. 
Due to their reduced reliance on fossil fuels and diminished 
greenhouse gas emissions relative to conventional internal 
combustion engine (ICE) vehicles, electric vehicles (EVs) have 
emerged as a feasible option. To enhance their performance 
and range, effective and reliable transmission systems are 
crucial for the widespread adoption of electric vehicles. This 
report analyzes the current state of transmission technology 
for electric vehicles in India, highlighting advancements, 
challenges, and potential future directions. 
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1. INTRODUCTION  

India, among the most populated countries globally, faces 
significant challenges regarding air pollution, energy 
consumption, and greenhouse gas emissions. These issues 
are mostly caused by the traditional transportation industry, 
which is predominantly reliant on fossil fuels. 

The transportation sector in India has substantially 
influenced the country's total energy consumption, with 
petroleum-derived products comprising a considerable 
share of this energy. Major cities are facing perilously 
elevated air pollution levels and adverse public health 
consequences due to the environmental impacts of this 
dependency. Moreover, India's economy and energy security 
are influenced by variations in global oil prices, highlighting 
the imperative for alternate and domestically derived energy 
alternatives. In response to these challenges, the Indian 
government has been vigorously promoting the use of 
electric vehicles (EVs) to mitigate environmental 
degradation, reduce reliance on foreign oil, and foster 
sustainable growth in the automobile industry. 

 In comparison to traditional internal combustion engine 
(ICE) vehicles, electric vehicles (EVs) possess the capacity to 
significantly diminish carbon emissions and enhance energy 
efficiency. Despite advancements in EV technology, the 
transmission system remains a crucial element in optimizing 
the efficiency and performance of these cars. The primary 
objective of transmission systems in electric vehicles (EVs) is 
to efficiently transform electrical energy into mechanical 
motion by transmitting power from the electric motor to the 

wheels. Various transmission arrangements exist, each 
possessing distinct advantages and disadvantages. India has 
been vigorously advancing the development of its local 
electric car market, prioritizing research and development as 
well as indigenous innovation. The government has enacted 
legislation, subsidies, and incentives to encourage the use of 
electric vehicles (EVs). This encompasses incentives for 
manufacturing and infrastructural development. 
Collaborations with global technological partners and 
original equipment manufacturers (OEMs) have facilitated 
the exchange of knowledge and expertise about electric 
mobility. 

For electric vehicles to achieve widespread use in India, 
several obstacles require resolution. The amalgamation of 
sophisticated transmission technologies with existing 
powertrain systems, customer cognizance, the elevated 
initial expense of electric vehicles, and the inadequate 
charging infrastructure are among these factors. A crucial 
aspect of India's electric vehicle initiative is the development 
of domestic transmission solutions tailored to the nation's 
specific driving conditions and transportation requirements.  

Research and development initiatives have been 
continuously undertaken to enhance the overall 
performance, range, and transmission efficiency of electric 
vehicles (EVs). Moreover, enhancements in battery longevity 
and energy density directly influence the vehicle's power 
requirements and transmission design, so establishing a 
close correlation between breakthroughs in battery 
technology and transmission systems. The background 
material on this subject provides a context for analyzing the 
current state of EV transmission technologies in India, 
emphasizing accomplishments, understanding 
challenges, and forecasting the evolution of EV 
transmission systems in the country. By addressing these 
challenges, India can significantly enhance the sustainability 
and ecological integrity of its transportation industry and 
expedite the proliferation of electric vehicles. 

2. OBJECTIVES AND SCOPE 

The main objectives of this study are  

1. To present a summary of the prevailing transmission 
technology employed in electric vehicles in India, 
encompassing single-speed transmissions, multi-speed 
transmissions, and direct-drive systems. 
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2. To emphasize the progress and breakthroughs in electric 
vehicle transmission technology in India, concentrating on 
domestic research, partnerships with global original 
equipment manufacturers, and governmental efforts and 
legislation. 

3. To ascertain the obstacles impeding the extensive 
adoption of electric vehicles in India, namely regarding 
transmission technology, and to investigate potential 
remedies to surmount these issues. 

4. To evaluate the efficacy and practical implications of 
current electric vehicle transmission technology 
implemented in India via pertinent case studies. 

5. To investigate prospective avenues and prospects in the 
domain of electric vehicle transmission technologies, 
encompassing potential enhancements in transmission 
efficiency, the incorporation of artificial intelligence, and the 
significance of renewable energy integration and vehicle-to-
grid (V2G) technology. 

6. To recommend policies that facilitate the development, 

implementation, and adoption of efficient transmission 
systems for electric vehicles in India. 

Scope: 

The report examines multiple facets of transmission 
technologies for electric vehicles in India. It encompasses a 
broad spectrum of topics to facilitate a thorough 
comprehension of the subject matter. The scope 
encompasses, but is not restricted to: 

1. An in-depth analysis of several transmission mechanisms 
employed in electric vehicles, encompassing their 
operational principles, benefits, and drawbacks. 

2. Examination of improvements in electric vehicle 
transmission technology in India, focusing on research and 
development initiatives, partnerships with international 
entities, and local innovative discoveries. 

3. Government Initiatives and Policies: Examination of the 
influence of governmental policies, incentives, and 
restrictions on the advancement and implementation of 
electric vehicle transmission systems. 

4. Challenges and Barriers: Identification and study of 
obstacles encountered in the implementation of 
transmission systems in electric vehicles, including technical 
constraints, manufacturing infrastructure, and consumer 
acceptance. 

5. Case Studies: Comprehensive examination of case studies 
pertaining to the implementation of EV transmission 
systems in India, assessing their performance, efficiency, and 
tangible effects. 

6. Future Directions: An examination of prospective 
advancements in electric vehicle transmission technology in 
India, taking into account upcoming innovations, research 
trajectories, and the integration with renewable energy 
sources. 

7. Policy Recommendations: Proposing pragmatic policy 
measures to tackle obstacles and promote the advancement 
of efficient transmission technology in the Indian electric car 
sector. 

This article seeks to elucidate the present state and future 
potential of transmission technology for electric vehicles in 
India, emphasizing the nation's distinct needs and problems. 
The study enhances the knowledge base on sustainable 
mobility solutions by addressing its objectives and scope, 
hence assisting policymakers, researchers, and industry 
stakeholders in promoting the transition to electric vehicles 
in India. 

3. ELECTRIC VEHICLE TECHNOLOGY OVERVIEW 
 
Categories of Electric Vehicles: 

Electric vehicles (EVs) are vehicles powered by electric 
motors that utilize electricity stored in batteries as their 
principal energy source. Various categories of electric cars 
exist, each possessing unique attributes and uses. The 
primary categories of electric vehicles are: 

1. Battery Electric Vehicles (BEVs):  

Battery Electric Vehicles, commonly known as pure electric 
vehicles, are only powered by electricity stored in high-
capacity batteries. The vehicle is propelled by an electric 
motor, devoid of an internal combustion engine or 
traditional gasoline tank. Battery Electric Vehicles (BEVs) 
generate no exhaust emissions, rendering them a zero-
emission alternative for sustainable transportation. They 
necessitate recharging from electric power sources, 
including charging stations or residential outlets. The range 
of battery electric vehicles (BEVs) fluctuates based on 
battery capacity and type, although it has been enhancing 
due to developments in battery technology. 

2. Plug-in Hybrid Electric Vehicles (PHEVs): 

Plug-in Hybrid Electric Vehicles integrate an internal 
combustion engine (usually gasoline or diesel) with an 
electric motor and a rechargeable battery. PHEVs can 
function in all-electric mode for a specific distance before the 
internal combustion engine activates, offering enhanced 
range and versatility relative to BEVs. They can be recharged 
from an external power source or utilize regenerative 
braking to replenish their batteries. PHEVs serve as an 
intermediary solution between traditional internal 
combustion engine vehicles and fully electric vehicles, 
providing diminished pollution and enhanced fuel efficiency. 
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3. Hybrid Electric Vehicles (HEVs): 

Hybrid Electric Vehicles possess both an internal combustion 
engine and an electric motor. The electric motor aids the 
internal combustion engine, especially during acceleration 
and low-speed operation, thereby decreasing fuel 
consumption and pollution. In contrast to PHEVs, HEVs are 
not capable of being connected to an external power source 
for recharging. Their batteries are charged via regenerative 
braking and surplus energy from the internal combustion 
engine. HEVs represent an initial category of electrified cars 
and have been on the market for numerous years. 

4. Fuel Cell Electric Vehicles (FCEVs): 

Fuel Cell Electric Vehicles utilize electric motors, akin to 
Battery Electric Vehicles, except they produce electricity on-
site through fuel cells. These fuel cells transform hydrogen 
gas into electricity, which energizes the vehicle's electric 
motor, producing solely water vapor as a byproduct. Fuel 
Cell Electric automobiles (FCEVs) have extended driving 
ranges relative to Battery Electric Vehicles (BEVs) and can 
be refueled with hydrogen like to traditional gasoline-
powered automobiles. The restricted availability of 
hydrogen refueling infrastructure constitutes a major 
obstacle to their extensive deployment. 

Every category of electric car possesses distinct advantages 
and limits, addressing various driving requirements, 
infrastructural accessibility, and consumer inclinations. The 
selection among these categories of electric vehicles is 
contingent upon elements like driving patterns, range 
necessities, charging infrastructure accessibility, and 
ecological considerations. With the advancement of 
technology and enhancement of infrastructure, electric 
vehicles are anticipated to be essential in defining the future 
of sustainable mobility. 

4. BASIC COMPONENTS OF ELECTRIC VEHICLE 

Electric vehicles (EVs) consist of multiple components that 
together function to drive the vehicle with electric energy. 
The components may differ based on the electric vehicle 
type (BEV, PHEV, HEV, or FCEV) and the specific model; 
nonetheless, the essential components commonly present in 
electric vehicles include: 

1. Electric Motor: 

The electric motor serves as the core component of an 
electric vehicle. It transforms electrical energy from the 
batteries into mechanical energy to propel the wheels. 
Electric motors are categorized into various categories, 
including AC (alternating current) motors and DC (direct 
current) motors, each exhibiting distinct efficiency, 
dimensions, and performance attributes. 

 

2. Battery Pack: 

The battery pack accumulates electrical energy and delivers 
it to the electric motor as required. It often consists of 
multiple individual battery cells arranged into modules and 
packs. Lithium-ion (Li-ion) batteries are the predominant 
type utilized in contemporary electric vehicles owing to their 
elevated energy density and comparatively low mass. 

3. Power Electronics: 

Power electronics are critical elements that regulate the 
transfer of electrical energy among the battery, electric 
motor, and various vehicle systems. The system comprises 
inverters that convert DC power from the battery to AC 
power for the motor, as well as DC-DC converters that 
regulate voltage for various vehicle components. 

4. Onboard Charger: 

An onboard charger converts AC electricity from an external 
source, such as a charging station or household outlet, into 
DC power to charge the vehicle's battery. The charger 
guarantees the battery is charged securely and effectively. 

5. Electric Vehicle Regulator: 

The electric vehicle controller is an advanced electronic 
control unit that regulates the several systems within the EV. 
It orchestrates the functioning of the electric motor, battery, 
power electronics, regenerative braking, and additional 
vehicle systems to provide optimal performance and 
efficiency. 

6. Regenerative Braking System: 

Regenerative braking is a distinctive characteristic of electric 
vehicles that enables the electric motor to function as a 
generator during deceleration or braking. It transforms 
kinetic energy into electrical energy, which is subsequently 
returned to the battery for storage, enhancing total energy 
efficiency. 

7. Thermal Management System: 

Electric vehicles necessitate effective thermal management 
to regulate the temperature of the battery, electric motor, 
power electronics, and additional components. Effective 
thermal management improves the performance, durability, 
and safety of the vehicle's systems. 

5.  IMPORTANCE OF TRANSMISSION SYSTEMS IN 
EV’S 

The transmission system is essential in electric vehicles 
(EVs) for enhancing efficiency, performance, and range. 
Although electric vehicles (EVs) are often less complex in 
construction than internal combustion engine (ICE) cars due 
to the lack of a conventional gearbox and intricate drivetrain, 
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the transmission system in EVs performs several critical 
duties, rendering it an indispensable element of their overall 
operation. The significance of transmission systems in 
electric vehicles can be emphasized as follows: 

1. Efficient Power Transmission: The system in electric 
vehicles guarantees that the electric motor functions within 
its optimal efficiency parameters. The transmission 
efficiently transmits power to the wheels by regulating the 
motor's torque and speed. This enhancement of efficiency 
enhances energy utilization and extends driving range, hence 
improving the overall performance of the electric vehicle. 

2. Regenerative Braking Integration: Numerous electric 
vehicles employ regenerative braking, a mechanism that 
transforms kinetic energy into electrical energy during 
deceleration or braking. The transmission system facilitates 
regenerative braking, which recharges the battery and 
enhances the vehicle's energy efficiency. This feature is 
especially crucial in stop-and-go traffic and on inclines, 
where regenerative braking can recover energy that would 
otherwise dissipate as heat in conventional braking systems. 

3. Improving Acceleration and Performance: The design and 
layout of a transmission system can maximize torque 
delivery to the wheels, resulting in enhanced acceleration 
and overall performance. Multi-speed transmissions provide 
a wider torque output range, resulting in enhanced 
acceleration and superior performance across different 
speeds. 

4. Enhancing Hill climbing and Towing Proficiencies: Electric 
vehicles equipped with multi-speed transmissions can adjust 
gear ratios, hence improving hill-climbing performance and 
towing capacity. This is especially advantageous in areas 
with mountainous landscapes or when transporting 
substantial weights. 

5. Customizing Driving Modes: Sophisticated transmission 
systems in electric vehicles may provide many driving 
modes, enabling drivers to tailor the vehicle's performance 
to their preferences or driving situations. These modes may 
encompass eco mode for optimal energy efficiency, sport 
mode for improved performance, and normal mode for 
routine driving. 

6. The transmission system can alleviate stress on the 
electric motor by modulating the torque output to 
correspond with the driving conditions. This enhances motor 
longevity and diminishes wear on essential components, 
hence reducing maintenance needs and total operational 
expenses. 

7. Improving Overall Vehicle Efficiency: A well-engineered 
transmission system enhances the overall efficiency of the 
electric vehicle by optimizing power distribution and 
employing regenerative braking. This results in an extended 

driving range and a more sustainable, environmentally 
friendly driving experience. 

8. Transitioning from ICE Vehicle Design: In certain 
instances, the incorporation of a transmission system in 
electric vehicles can ease the transition from current internal 
combustion engine vehicle platforms. This enables 
automakers to utilize existing chassis and drivetrain 
configurations while integrating electric powertrains. 

It is essential to recognize that not all electric vehicles (EVs) 
are equipped with transmission systems, as some 
contemporary EVs employ single-speed transmissions or 
direct-drive mechanisms, thereby streamlining their design 
and maintenance. The significance of the transmission 
system is contingent upon the particular type and 
configuration of the electric vehicle. In electric vehicles 
equipped with transmission systems, their optimal 
functioning substantially enhances the advantages of electric 
mobility, becoming them essential to the complete electric 

vehicle ecosystem. 

Transmission Technologies for Electric Vehicles 

Transmission technologies for electric vehicles may differ 
according to the vehicle's design, application, and desired 
performance attributes. Some electric vehicles have single-
speed gearboxes or direct-drive systems, while others 
implement multi-speed transmissions to enhance power 
delivery and efficiency. The three primary transmission 
methods for electric vehicles are single-speed transmission, 
multi-speed transmission, and direct-drive systems, 
accompanied with a basic graphic depicting their layouts. 

1. Single-Speed Gearbox: 

A single-speed transmission, or fixed-ratio gearbox, 
possesses a singular gear ratio and does not necessitate gear 
shifting. It is a simple and efficient transmission mechanism 
frequently utilized in numerous electric vehicles, particularly 
in urban commuting models. 

Diagram of a Single-Speed Transmission: 
 

 

Fig 1 : Single speed transmission system for electric 
vehicle  

In this diagram, the electric motor directly connects to the 
gearbox, which then transmits power to the wheels. The 
single-speed transmission offers a simple and efficient 
power delivery mechanism, eliminating the need for gear 
changes. 
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2. Multi-Speed Transmission: 

Multi-speed transmissions for electric vehicles incorporate 
multiple gear ratios to optimize power delivery across a 
wider range of speeds. These transmissions are more 
complex than single-speed transmissions but offer benefits 
in terms of improved acceleration, efficiency, and higher top 
speeds. 

Diagram of a Multi-Speed Transmission: 

 

 

 

 
 

 
 
 
 
 
 
 
 
 
 

 

 

Fig 2 : Multi speed transmission system for electric 
vehicle. 

In this diagram, the electric motor connects to a gearbox 
with multiple gears, usually two or three. Each gear provides 
a different gear ratio, allowing the motor to operate more 
efficiently at various speeds. The gearbox changes gears 
based on the vehicle's speed and load requirements, 
optimizing performance and efficiency. 

3. Direct-Drive System: 

Direct-drive systems, also known as gearless transmissions, 
do not have traditional gears. Instead, they utilize a one-to-
one ratio between the electric motor and the wheels, 
effectively eliminating the need for gear shifting. Direct-drive 
systems are often used in certain electric vehicles, 
particularly those with a focus on simplicity and reduced 
maintenance. 

 

 

 

Diagram of a Direct-Drive System: 

           
 

Fig 3 : Direct drive ( Gearless) transmission system for 
electric vehicle. 

In this diagram, the electric motor connects directly to the 
wheels without any intermediate gears. The direct-drive 
system provides a smooth and efficient power transfer, 
simplifying the drivetrain and reducing frictional losses. 

It is essential to understand that electric vehicles 
transmission technologies can be more intricate and involve 
additional components in actual vehicle designs. The 
diagrams provided here represent simplified illustrations of 
the main transmission configurations used in electric 
vehicles. The choice of transmission technology depends on 
factors such as vehicle type, intended use, desired 
performance characteristics, and the manufacturer's design 
philosophy. 

Comparison of Transmission Technologies 

To comprehensively evaluate the advantages and 
disadvantages of various transmission technologies for 
electric vehicles, we will analyze the three primary types: 
single-speed transmission, multi-speed transmission, and 
direct-drive systems. Each technology presents unique 
benefits and limitations that affect its appropriateness for 
different EV applications. 

Single-Speed Transmission: 

Advantages: 

a) Simplicity: Single-speed transmissions are 
straightforward in design, making them lighter, more 
compact, and easier to manufacture and maintain. 

b) Lower Cost: Due to their simplicity, single-speed 
transmissions tend to be more cost-effective compared to 
multi-speed transmissions. 

c) Smooth Acceleration: With only one gear ratio, the power 
delivery is continuous and smooth, providing seamless 
acceleration. 

Disadvantages: 

a) Limited Efficiency Range: Single-speed transmissions may 
be optimized for a specific speed range, which could result in 
less efficiency at higher speeds or during certain driving 
conditions. 

Gear Box 

Electric Motor  

Gear 1 Gear 2  

wheel 



          International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 

                Volume: 12 Issue: 12 | Dec 2025              www.irjet.net                                                                         p-ISSN: 2395-0072 

  

© 2025, IRJET       |       Impact Factor value: 8.315       |       ISO 9001:2008 Certified Journal       |     Page 1193 
 

b) Acceleration Performance: While they offer smooth 
acceleration, single-speed transmissions may not provide 
the same level of acceleration performance as multi-speed 
transmissions. 

Multi-Speed Transmission: 

Advantages: 

a) Enhanced Efficiency: Multi-speed transmissions enable 
the electric motor to operate more efficiently across a 
broader range of speeds, optimizing energy consumption 
and improving driving range. 

b) Better Acceleration: By having multiple gear ratios, multi-
speed transmissions offer improved acceleration 
performance compared to single-speed transmissions. 

 c) Flexibility: Multi-speed transmissions can adapt to 
different driving conditions, terrains, and load requirements, 
making them versatile for various vehicle types. 

Disadvantages: 

d) Complexity: The presence of multiple gears and 
associated mechanisms increases the complexity and weight 
of the transmission system, potentially leading to higher 
manufacturing and maintenance costs. 

e) Gear Shifts: Gear shifts may introduce minor interruptions 
in power delivery during acceleration, although modern 
transmission systems aim to minimize this effect. 

Direct-Drive System: 

Advantages: 

a) Simplicity: Direct-drive systems are the simplest of the 
three, consisting of just the electric motor and the wheels. 
This results in reduced mechanical losses and increased 
efficiency. 

b) High Reliability: With fewer moving parts, direct-drive 
systems generally exhibit high reliability and reduced 
maintenance requirements. 

c) Smooth and Quiet Operation: The absence of gears results 
in smooth and quiet power delivery, providing a comfortable 
driving experience. 

Disadvantages: 

- Limited Efficiency Range: Like single-speed transmissions, 
direct-drive systems might have a narrower efficiency range 
optimized for specific driving conditions, potentially 
reducing overall efficiency at certain speeds. 

- Limited Performance: Direct-drive systems may not offer 
the same level of acceleration performance as multi-speed 
transmissions, especially in high-performance applications. 

Comparative Suitability: 

- Single-speed transmissions are well-suited for urban 
commuting and city driving scenarios where simplicity and 
lower cost are prioritized over high-performance 
acceleration or top speeds. 

- Multi-speed transmissions are ideal for electric vehicles 
intended for highway driving and long-range applications, as 
they offer improved efficiency and acceleration performance. 

- Direct-drive systems are suitable for compact and 
lightweight electric vehicles or those designed for short-
range urban commuting, where simplicity and minimal 
maintenance are key considerations. 

In conclusion, the choice of transmission technology for 
electric vehicles depends on the specific application, driving 
requirements, cost considerations, and the overall design 
philosophy of the vehicle manufacturer. Each transmission 
technology has its merits and trade-offs, and the 
advancements in electric motor technology and battery 
efficiency continue to influence the selection and 
optimization of transmission systems for electric vehicles. 

As of my last knowledge update in September 2021, India 
had several electric vehicle (EV) manufacturers offering 
various models across different vehicle segments. Please 
note that the EV market is continuously evolving, and new 
manufacturers and models may have been introduced since 
then. Here are some of the prominent electric vehicle 
manufacturers in India along with some of their models: 

Please note that this list may not be exhaustive, and there 
might be other electric vehicle manufacturers in India, 
especially in the electric two-wheeler segment and newer 
startups entering the market. Additionally, new models and 
updates may have been introduced since my last update, so I 
recommend checking the official websites of the respective 
manufacturers for the most current information on electric 
vehicle models in India. 

Advancements in EV Transmission Technologies in India 
As of my last update in September 2021, India was making 
significant strides in the advancement of electric vehicle (EV) 
transmission technologies. The country's automotive 
industry, along with research institutions and startups, was 
actively working to improve transmission systems to 
enhance EV performance, efficiency, and overall driving 
experience. Some of the key advancements in EV 
transmission technologies in India included: 

1. Multi-Speed Transmissions for EVs: Indian manufacturers 
and researchers were developing and implementing multi-
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speed transmissions for electric vehicles. Multi-speed 
transmissions offered improved efficiency and performance 
by optimizing power delivery at various speeds, enhancing 
acceleration and highway driving capabilities. 

2. Indigenous R&D Efforts: Several Indian automotive 
companies and startups were conducting indigenous 
research and development (R&D) activities to design and 
manufacture EV transmission systems tailored to the 
country's specific driving conditions and customer 
preferences. 

3. Collaborations and Technology Partnerships: Indian 
manufacturers were entering into collaborations and 
technology partnerships with global players to gain access to 
advanced EV transmission technologies and expertise. These 
partnerships aimed to accelerate the development and 
deployment of cutting-edge transmission solutions in India. 

4. Integration of AI and Smart Control Systems: 
Advancements in artificial intelligence (AI) and smart 
control systems were being explored to optimize 
transmission operations in real-time based on driving 
patterns, road conditions, and energy demands, leading to 
more efficient power delivery. 

5. Improved Regenerative Braking Systems: Indian EV 
manufacturers were refining regenerative braking systems 
to capture and store more kinetic energy during deceleration 
and braking, increasing the overall efficiency and range of 
electric vehicles. 

6. Optimization of Gear Ratios: Researchers were working on 
fine-tuning gear ratios in multi-speed transmissions to 
achieve the best balance between acceleration, efficiency, 
and top speed, making EVs more adaptable to various 
driving scenarios. 

7. Enhanced Thermal Management: Indian companies were 
improving thermal management systems for EV 
transmission components, ensuring optimal operating 
temperatures and reducing energy losses due to heat 
dissipation. 

8. Battery-Transmission Integration: There were efforts to 
enhance the coordination between battery systems and 
transmission units to achieve better synchronization of 
power delivery, extending battery life, and improving vehicle 
performance. 

9. Lightweight and Compact Designs: Indian manufacturers 
were focused on developing lightweight and compact 
transmission systems to reduce overall vehicle weight, 
leading to improved energy efficiency and longer driving 
ranges. 

10. Battery-Independent Transmission Technologies: Some 
research initiatives were exploring the concept of 

transmission technologies that operate independently of the 
battery, allowing for a more flexible and modular approach in 
EV design. 

 
These advancements were driven by the increasing demand 
for electric vehicles in India, coupled with government 
incentives and policies to promote clean and sustainable 
mobility solutions. As technology continues to evolve and 
market demand grows, further advancements in EV 
transmission technologies can be expected, paving the way 
for a greener and more efficient future of transportation in 
India. 

Collaborations and Partnerships with Global OEMs 

Collaborations and partnerships between Indian automotive 
companies and global Original Equipment Manufacturers 
(OEMs) have been instrumental in accelerating the 
development and adoption of electric vehicles (EVs) and 
related technologies in India. These collaborations bring 
together the expertise, resources, and technologies of both 
parties, fostering innovation, knowledge sharing, and market 
expansion. Some notable collaborations and partnerships 
between Indian automotive companies and global OEMs 
include: 

1. Tata Motors and Tata Power - Jaguar Land Rover 
(JLR): 

Tata Motors, the parent company of Jaguar Land Rover (JLR), 
has leveraged JLR's expertise in electric and hybrid vehicle 
technology for its Indian operations. JLR's electrification 
advancements have influenced Tata Motors' electric vehicle 
strategy, leading to the launch of the Tata Nexon EV, India's 
first electric compact SUV. 

2. Mahindra Electric and Ford Motor Company: 

Mahindra Electric, the EV division of Mahindra & Mahindra, 
and Ford Motor Company entered into a strategic 
partnership to jointly develop electric vehicles for India and 
other emerging markets. The collaboration aimed to 
leverage Mahindra's knowledge of the Indian market and 
Ford's global electric vehicle technology expertise. 

3. Hyundai Motor India and Kia Motors: 

Both Hyundai Motor India and Kia Motors, subsidiaries of 
the Hyundai Motor Group, have been making significant 
investments in the Indian EV market. While Hyundai 
launched the electric version of its popular SUV, the Hyundai 
Kona Electric, Kia introduced its electric offering, the Kia 
Soul EV, in India. 

4. MG Motor India and SAIC Motor Corporation: 

MG Motor India, a subsidiary of SAIC Motor Corporation, has 
made strong strides in the Indian electric vehicle market. MG 
launched the MG ZS EV, an electric SUV, as part of its 
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commitment to promoting cleaner mobility solutions in 
India. 

5. Renault Nissan Alliance and Ashok Leyland: 

Ashok Leyland, a prominent Indian commercial vehicle 
manufacturer, collaborated with the Renault-Nissan Alliance 
to develop electric commercial vehicles for the Indian 
market. The partnership aimed to address the growing 
demand for electric mobility in the commercial segment. 

6. TVS Motor Company and BMW Motorrad: 

TVS Motor Company, an Indian two-wheeler manufacturer, 
partnered with BMW Motorrad to jointly develop and 
produce mid-capacity motorcycles. While not specifically 
focused on EVs, this collaboration demonstrates the 
potential for technology sharing and cross-platform 
development. 

7. Ola Electric and Etergo BV: 

Ola Electric, a subsidiary of ride-hailing company Ola, 
acquired Etergo BV, a Netherlands-based electric scooter 
manufacturer. This collaboration enabled Ola Electric to gain 
access to Etergo's electric scooter technology and design 
expertise. 

8. Bajaj Auto and KTM AG: 

Bajaj Auto, an Indian motorcycle manufacturer, has a long-
standing partnership with KTM AG, an Austrian motorcycle 
manufacturer. This partnership led to the development of 
electric two-wheelers under the Urbanite brand by Bajaj. 

These collaborations and partnerships demonstrate the 
commitment of both Indian and global OEMs to drive the 
growth of electric mobility in India. By combining their 
strengths and resources, these companies aim to deliver 
innovative and sustainable solutions to meet the evolving 
needs of the Indian market and contribute to India's 
transition towards cleaner and greener transportation. 

Government Initiatives and Policies 

As of my last knowledge update in September 2021, the 
Indian government had introduced several initiatives and 
policies to promote and support the adoption of electric 
vehicles (EVs) and accelerate the growth of the EV industry. 
These initiatives were part of the government's broader 
strategy to address issues such as pollution, energy security, 
and climate change by encouraging cleaner and more 
sustainable transportation options. Some of the key 
government initiatives and policies related to EVs in India 
included: 

 

1. Faster Adoption and Manufacturing of (Hybrid &) 
Electric Vehicles (FAME) India Scheme: 

The FAME India scheme was launched by the Ministry of 
Heavy Industries and Public Enterprises to promote the 
adoption of EVs and hybrid vehicles in the country. The 
scheme provided financial incentives and subsidies to 
buyers of EVs and supported the development of EV 
charging infrastructure. It aimed to accelerate the 
manufacturing and adoption of eco-friendly vehicles, 
especially in the public transportation and commercial 
sectors. 

2. National Electric Mobility Mission Plan (NEMMP): 

The NEMMP was launched to drive the adoption of electric 
mobility in India and establish India as a global leader in EVs. 
The plan focused on promoting manufacturing, research, and 
development of EVs, setting up charging infrastructure, and 
developing human resources for the EV industry. The 
NEMMP aimed to achieve national energy security, reduce 
oil import bills, and curb vehicular emissions. 

3. GST Rate Reduction on Electric Vehicles: 

The Indian government reduced the Goods and Services Tax 
(GST) rate on electric vehicles from 12% to 5% to make EVs 
more affordable and attractive for consumers. This reduction 
in GST aimed to narrow the price gap between EVs and 
conventional vehicles and encourage more people to 
consider EVs as a viable alternative. 

4. State EV Policies and Incentives: 

Several Indian states and union territories formulated their 
own EV policies and provided additional incentives and 
benefits to promote electric mobility within their regions. 
These policies often included additional subsidies, 
registration fee waivers, road tax exemptions, and other 
incentives to encourage the adoption of EVs. 

5. Public Charging Infrastructure Guidelines: 

The government introduced guidelines for setting up public 
charging infrastructure for EVs, promoting the development 
of an EV charging ecosystem across the country. The 
guidelines aimed to address range of anxiety among EV users 
and ensure convenient access to charging points in urban 
centers, highways, and public spaces. 

6. National Mission on Transformative Mobility and 
Battery Storage: 

The government launched the National Mission on 
Transformative Mobility and Battery Storage to drive India's 
mobility transition towards electric and shared mobility. The 
mission focused on the creation of advanced battery 
technologies, indigenous manufacturing capabilities, and 
policies to promote EVs in public transportation. 
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7. Eco-Friendly Public Transport: 

The government encouraged the adoption of EVs in public 
transportation, such as buses and taxis, to reduce emissions 
and promote sustainable mobility solutions. Many cities and 
states initiated pilot projects and incentives for transitioning 
their public transport fleets to electric. 

8. Import Duty Reduction on EV Components: 

To promote local manufacturing of EVs and their 
components, the government reduced the import duty on 
specific EV components and parts. This move aimed to 
incentivize domestic production, attract investments, and 
reduce dependency on imports. 

Please note that the government's initiatives and policies are 
subject to change, and there may have been updates or new 
policies introduced since my last knowledge update. For the 
most current information, I recommend referring to official 
government sources and updates from relevant ministries 
and departments in India. 

  Battery Technology and its Impact on Transmission 

Battery technology and its impact on transmission are 
critical aspects of electric vehicles (EVs) that influence their 
performance, efficiency, and overall driving experience. The 
choice of battery technology can significantly impact the 
design and operation of the transmission system in EVs. Let's 
explore the relationship between battery technology and 
transmission in EVs: 

1. Impact on Transmission Design: 

The battery pack in an electric vehicle stores and supplies 
electrical energy to power the electric motor. The 
characteristics of the battery, such as voltage, capacity, and 
energy density, directly affect the design of the transmission 
system. For instance: 

   - Voltage: The voltage of the battery pack determines the 
operating voltage range of the electric motor and the power 
electronics in the transmission system. A higher voltage 
battery may require a different motor and power electronics 
configuration compared to a lower voltage battery. 

   - Energy Capacity: The energy capacity of the battery 
affects the driving range of the EV. A higher energy capacity 
battery allows for longer distances between charging, 
influencing the desired gear ratios in the transmission 
system for optimal efficiency at different speeds. 

   - Weight: Battery weight is a crucial consideration in EV 
design. A heavier battery pack may influence the selection of 
transmission components and gear ratios to optimize power 
delivery and efficiency while maintaining a balance between 
performance and range. 

2. Regenerative Braking and Transmission Integration: 

Battery technology plays a crucial role in regenerative 
braking systems, which convert kinetic energy during 
deceleration into electrical energy for recharging the battery. 
The regenerative braking capabilities are affected by the 
battery's ability to accept and store the generated electrical 
energy. The transmission system must be integrated with 
the regenerative braking system to optimize energy recovery 
and efficiency. 

3. Thermal Management and Battery Performance: 

Battery technology affects the thermal management 
requirements in EVs. Efficient thermal management is 
essential to maintain the battery's temperature within 
optimal operating ranges for prolonged battery life and 
performance. In some cases, the transmission system may 
play a role in managing the thermal aspects of the battery, 
such as routing cooling fluids or optimizing power delivery 
to manage heat generation. 

4. Charging Rate and Transmission Efficiency: 

Battery charging technology impacts the charging rate and 
time required to charge the EV. Fast-charging capabilities 
depend on the battery's chemistry and design. A high 
charging rate may necessitate certain modifications in the 
transmission system to handle the increased power flow 
during charging. 

5. Motor-Transmission Matching: 

Battery technology, particularly its energy delivery 
characteristics, influences the torque-speed curve of the 
electric motor. The transmission system must be 
appropriately matched to the motor's characteristics to 
optimize power delivery and efficiency across different 
driving conditions. 

6. Transmission Control Unit (TCU) Integration: 

The battery management system and the transmission 
control unit work in tandem to ensure seamless power 
delivery and efficiency. The TCU receives inputs from the 
battery management system to optimize gear ratios, torque 
delivery, and regenerative braking, depending on the 
battery's state of charge and other factors. 

Overall, battery technology and transmission in EVs are 
interdependent, and advancements in battery technology 
can lead to improvements in transmission efficiency and 
design. As battery technology continues to evolve, it is 
expected to enable more efficient and capable transmission 
systems, contributing to the overall enhancement of electric 
vehicle performance and adoption. 
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Challenges and Barriers 

While the adoption of electric vehicles (EVs) in India is gaining 
momentum, several challenges and barriers still exist that 
hinder their widespread acceptance and growth. These 
challenges stem from various economic, infrastructural, 
technological, and social factors. Some of the key challenges 
and barriers for EVs in India include: 

 
1. High Initial Cost: The upfront cost of purchasing an electric 
vehicle, particularly for long-range models, remains relatively 
higher than that of traditional internal combustion engine 
vehicles. This cost differential can deter price-sensitive 
consumers from opting for EVs. 

 
2. Limited Driving Range: Although advancements in battery 
technology have improved the driving range of EVs, some 
models still face range limitations compared to conventional 
vehicles. Range anxiety, the fear of running out of charge, 
remains a concern for potential EV buyers, especially for 
those living in regions with limited charging infrastructure. 

 
3. Charging Infrastructure: The availability of a robust and 
widespread charging infrastructure is crucial for the mass 
adoption of EVs. While efforts are being made to expand 
charging networks, the current infrastructure is relatively 
limited, especially in smaller towns and rural areas, making it 
challenging for EV users to find convenient charging points. 

 
4. Battery Technology and Recycling: Battery technology is a 
critical aspect of EVs, but concerns exist regarding the 
environmental impact of battery production and recycling. 
Developing sustainable and eco-friendly battery recycling 
solutions is essential to minimize the environmental footprint 
of EVs. 

 
5. Consumer Awareness: There is a lack of widespread 
awareness and understanding of EVs among the general 
public. Educating consumers about the benefits, features, and 
cost savings associated with EVs is crucial to increase their 
adoption. 

 
6. Limited Model Choices: While several EV models are 
available in the market, the variety of options is still limited 
compared to traditional internal combustion engine vehicles. 
A wider range of EV choices catering to different segments 
and price points would attract more consumers. 

 
7. Charging Time: Charging an EV typically takes longer than 
refueling a conventional vehicle, especially with standard 
charging stations. Fast-charging technology is making strides, 
but reducing charging times further will be essential for 
enhancing user convenience. 

 
8. Policy and Regulatory Framework: Stable and consistent 
government policies and regulations are vital to create a 
conducive environment for EV adoption. The absence of clear 

and long-term policies can deter investments in the EV 
ecosystem. 

 
9. Supply Chain and Manufacturing: The establishment of a 
robust supply chain for EV components and local 
manufacturing capabilities is crucial to reduce costs and 
boost the production of EVs in India. 

 
10. Range of Electric Two-Wheelers: Electric two-wheelers 
have tremendous potential for mass adoption in India, but 
some models may face limitations in range and power, making 
them unsuitable for certain users. 

 
11. Charging Compatibility: Different EV manufacturers use 
various charging standards and connectors, creating 
interoperability challenges for charging infrastructure 
providers and users. 

 
Addressing these challenges requires collective efforts from 
the government, industry stakeholders, and the public. 
Continued investment in research and development, 
infrastructure development, consumer awareness campaigns, 
and policy support are essential to overcome these barriers 
and accelerate the transition to electric mobility in India. 

6. FUTURE DIRECTIONS AND OPPORTUNITIES 

The future of electric vehicle (EV) transmission technologies 
in India holds promising opportunities for growth, 
innovation, and sustainability. As the EV market continues to 
evolve, several future directions and opportunities can shape 
the advancement of transmission technologies in electric 
vehicles: 

1. Continued Battery Technology Improvements: Ongoing 
advancements in battery technology will result in higher 
energy densities, faster charging capabilities, and longer 
driving ranges for EVs. These improvements will influence 
the design and optimization of transmission systems to 
accommodate varying power demands and enhance overall 
efficiency. 

2. Integration of Vehicle-to-Grid (V2G) Technology: V2G 
technology allows EVs to discharge electricity back to the 
grid during peak demand, helping to stabilize the power grid. 
EVs equipped with bi-directional charging capabilities will 
require transmission systems capable of managing power 
flow bidirectionally between the vehicle and the grid. 

3. Development of High-Performance EVs: As EVs gain 
popularity, there will be a growing demand for high-
performance electric vehicles, including sports cars and 
luxury models. Multi-speed transmissions, high-torque 
handling capabilities, and advanced control systems will be 
essential to meet the performance expectations of these 
vehicles. 
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4. Optimization for Commercial and Heavy-Duty Vehicles: 
The commercial and heavy-duty vehicle segments are 
gradually adopting electric mobility solutions. Transmission 
technologies will need to be optimized for these applications, 
considering factors such as high load-carrying capacity, 
efficient power delivery, and long-lasting performance. 

5. Electrification of Two-Wheeler and Three-Wheeler 
Segments: Electric two-wheelers and three-wheelers are 
popular modes of transportation in India. Transmission 
systems for these vehicles must be designed for efficient city 
commuting, longer battery life, and cost-effectiveness. 

6. Sustainable Materials and Manufacturing: The shift 
towards sustainable materials and manufacturing processes 
will influence transmission component design and 
production. The use of lightweight and eco-friendly 
materials can lead to improved efficiency and reduced 
environmental impact. 

7. Smart and Connected Transmissions: Transmission 
systems in future EVs will be integrated with advanced 
driver-assistance systems and connected technologies. 
Smart transmission control algorithms, real-time data 
processing, and machine learning will optimize gear 
selection, power delivery, and regenerative braking, further 
enhancing performance and efficiency. 

8. Modular Transmission Systems: Modular transmission 
systems that can be adapted to various EV platforms and 
motor configurations will offer flexibility to manufacturers, 
enabling cost-effective solutions and faster development 
times for new EV models. 

9. Increased Focus on Local Manufacturing: Local 
manufacturing of transmission components will reduce 
dependency on imports, lower costs, and stimulate the 
growth of the Indian EV ecosystem. 

10. Fleet Electrification and Mobility as a Service (MaaS): As 
fleet electrification gains traction, EVs in shared mobility 
services will undergo high utilization rates. Transmission 
technologies will need to be designed for increased 
durability and reliability to cater to the demands of these 
high-mileage applications. 

The future of EV transmission technologies in India is full of 
opportunities for innovation, collaboration, and sustainable 
development. With continued support from the government, 
investments from the industry, and advancements in battery 
technology, the Indian EV market is poised for growth, 
leading to further advancements and breakthroughs in 
transmission systems for electric vehicles. 

 

 

7. Recommendations for Promoting EV 
Transmission Technologies 

To promote the adoption and development of electric vehicle 
(EV) transmission technologies in India, various 
stakeholders, including the government, industry players, 
and research institutions, can take proactive measures. Here 
are some recommendations for promoting EV transmission 
technologies: 

1. Government Incentives: The government should offer 
targeted incentives and subsidies for EV transmission 
research, development, and manufacturing. These incentives 
could include grants, tax breaks, and R&D support to 
encourage domestic manufacturers and startups to invest in 
EV transmission technologies. 

2. Research and Development Funding: Allocate dedicated 
funding for EV transmission technology research and 
development through government-led initiatives or public-
private partnerships. This funding can foster innovation, 
product development, and testing of advanced transmission 
systems. 

3. Collaboration and Technology Transfer: Encourage 
collaborations and technology transfer between Indian 
companies and global OEMs with expertise in EV 
transmission technologies. Partnerships with international 
companies can facilitate the transfer of advanced know-how 
and accelerate the development of indigenous transmission 
solutions. 

4. Skill Development: Invest in training and skill 
development programs for engineers and technicians to 
enhance their expertise in EV transmission technologies. 
Building a skilled workforce will be crucial for the successful 
implementation and maintenance of advanced transmission 
systems. 

5. Charging Infrastructure Development: Strengthen the EV 
charging infrastructure across the country to boost 
consumer confidence in EVs, including those with different 
transmission technologies. A robust charging network will 
support the adoption of EVs and their smooth operation 

6. Policy Support: Implement long-term, stable policies and 
regulations that promote the use of advanced EV 
transmission technologies. Clear guidelines and standards 
for EV transmission components will foster investment and 
development in this sector. 

7. Public Awareness Campaigns: Conduct public awareness 
campaigns to educate consumers, fleet operators, and 
policymakers about the benefits of various EV transmission 
technologies. Transparent communication about the 
advantages and performance improvements offered by 
advanced transmission systems can drive interest and 
demand. 
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8. Pilot Projects and Demonstrations: Support pilot projects 
and demonstration programs showcasing the efficiency and 
benefits of different EV transmission technologies. Real-
world success stories can encourage manufacturers and 
consumers to embrace these advancements. 

9. Encourage Local Manufacturing: Promote the domestic 
manufacturing of EV transmission components by 
incentivizing local production and reducing import duties on 
key components. Domestic production can lower costs and 
enhance supply chain resilience. 

10. R&D Collaboration with Academic Institutions: Foster 
collaboration between industry players and academic 
institutions to conduct cutting-edge research on EV 
transmission technologies. Such partnerships can lead to 
innovations and address specific challenges related to the 
Indian market. 

By implementing these recommendations, India can create 
an environment conducive to the development, adoption, 
and localization of advanced EV transmission technologies. 
The collective efforts of the government, industry, academia, 
and consumers will be instrumental in realizing the full 
potential of electric mobility in India and contributing to a 
sustainable transportation future. 

8. Failures 

1. Battery Fires and Safety Concerns: There have been 
instances of battery fires and safety issues in some early EV 
models. While battery safety has improved significantly over 
the years, these incidents highlighted the importance of 
stringent safety measures and robust thermal management 
systems in EVs. 

2. Range and Charging Anxiety: Range anxiety, the fear of 
running out of charge with limited charging infrastructure, 
has been a significant barrier to EV adoption. Some early EV 
models with limited driving ranges and inadequate charging 
networks contributed to consumer skepticism about the 
practicality of EVs. 

3. Limited Charging Infrastructure: In many regions, the 
availability of public EV charging infrastructure has been 
limited, hindering the widespread adoption of EVs. 
Insufficient charging stations, slow-charging options, and 
inconsistent charging standards have posed challenges for 
EV users. 

4. Initial High Cost of EVs: The upfront cost of EVs, including 
the cost of advanced transmission technologies, has been 
relatively higher than that of traditional internal combustion 
engine vehicles. This cost disparity has deterred some 
potential buyers from switching to EVs. 

5. Slow Adoption in Commercial and Heavy-Duty Sectors: 
While passenger EVs have gained traction, the adoption of 

EVs in commercial and heavy-duty segments has been 
slower due to factors such as higher upfront costs, range 
limitations, and lack of charging infrastructure. 

6. Transition Challenges for Incumbent Automakers: 
Established automakers faced challenges in transitioning 
from internal combustion engine production to electric 
mobility. Adapting manufacturing processes, supply chains, 
and R&D efforts to meet the demands of EVs posed 
significant hurdles. 

7. Limited Public Awareness and Education: Lack of 
awareness and understanding about EV technology and 
benefits among the general public hindered the widespread 
adoption of EVs. Consumer education is essential to dispel 
myths, clarify misconceptions, and promote the advantages 
of EVs. 

8. Interoperability and Standardization: In the early stages of 
the EV market, various charging standards and connector 
types led to interoperability issues. Lack of standardization 
in EV transmission technologies and components posed 
challenges for compatibility between different EV models. 

It's important to note that the EV industry is continually 
evolving, and many of these failures have led to valuable 
lessons learned and improvements in technology and 
infrastructure. Substantial progress has been made in 
addressing these challenges and ongoing efforts by 
governments, automakers, and industry stakeholders are 
driving the EV market forward. 

Please be aware that there may have been developments and 
improvements in the EV industry since my last update. I 
recommend referring to more recent sources for the latest 
information on EV technology and developments. 

9. CONCLUSION 

The future of electric vehicle (EV) transmission technologies 
in India holds great promise as the nation continues its 
journey towards sustainable and eco-friendly transportation 
solutions. The advancements in battery technology, the 
increasing adoption of EVs, and the efforts of various 
stakeholders present significant opportunities for the 
development and optimization of transmission systems for 
electric vehicles. 

Through collaborations with global OEMs, investments in 
research and development, and policy support from the 
government, Indian manufacturers are poised to innovate 
and produce cutting-edge transmission solutions tailored to 
the specific needs of the Indian market. The integration of 
artificial intelligence, smart control systems, and lightweight 
materials will lead to more efficient, reliable, and cost-
effective transmission technologies, enhancing the overall 
performance of EVs. 
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However, to realize the full potential of EV transmission 
technologies, certain challenges must be addressed. These 
challenges include the high initial cost of EVs, limited driving 
range, inadequate charging infrastructure, and the need for 
standardized components and interoperability. 

Lessons learned from past failures in EV technology 
implementation, such as battery safety concerns and 
charging anxiety, will guide the industry towards improved 
safety measures, reliable thermal management systems, and 
expanded charging networks. 

A holistic approach encompassing public awareness 
campaigns, skill development programs, and the 
encouragement of local manufacturing will create an 
ecosystem conducive to EV transmission technology growth. 
As EVs continue to gain acceptance and popularity in India, 
the ongoing optimization of transmission systems will drive 
further advancements and contribute to a sustainable, 
greener, and cleaner future of transportation in the country. 

In conclusion, the path to a greener and more sustainable 
future lies in the collaboration, innovation, and 
determination of all stakeholders involved in the electric 
vehicle industry. With the collective efforts of the 
government, industry players, research institutions, and 
consumers, the vision of widespread electric mobility and 
advanced transmission technologies in India will become a 
reality, transforming the landscape of transportation for 
generations to come. 
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