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Introduction

Globally, road vehicles contribute to 20% of CO, emissions, yet trucks, which account for less than
1% of total road vehicles, contribute around 35% of those emissions (IEA, 2023). In India, the situation
is no different; 3% of total road vehicles, commercial trucks are responsible for 34% of CO, emissions
from road transport sector (RMI, 2022). Though the segment is polluting, it's essential for the country’s
economic development. India is also the world's third largest automotive manufacturer (PIB, 2023)
contributing 71% to annual GDP and providing direct and indirect jobs to approximately 1.9 crore
people (MHI, 2023).

Several countries around the world have realized the importance of decarbonizing the heavy-duty
vehicles (HDVs) in saving CO, emissions and have set targets for zero emission vehicles. A zero-
emission truck (ZET) does not produce exhaust gases during operation and provides noise-free,
tailpipe emission free, and cleaner mode of transport.

The transition frominternal combustion engine (ICE) truck to ZET involves the greater sophistication of
auto components with increased power electronic and software components. Such a technologically
intensive upgrade needs a complete overhaul of skilling in the Indian trucking industry. As per industry
estimates, more than 80% of the workforce in the trucking sector is unorganized, which makes their
skilling much more challenging; at the same time, it may have an impact on their retention in the
same jobs.

This policy brief focuses on Li-ion battery-powered electric trucks or ZETs above 12 tonne gross
vehicle weight (GVW). The objective of this policy brief is to identify the existing skill gap and job
impact while transitioning to ZETs in India. The brief provides policy recommendations to address the
skill gaps while strengthening the existing skilling infrastructure to achieve an effective electric truck
skilling ecosystem in India.

Electrification of Trucks

Globally, the sales of electric trucks increased 35% in 2023 compared to 2022. China led the electric
truck sales with 70% of the total electric truck world sales in 2023. Elsewhere, electric truck sales
are picking up; Europe sold 10,000 electric trucks in 2023, contributing more than 1.5% world sales.
The US contributed less than 0.1% of total truck sales, though it saw a significant increase over the
previous year (IEA, 2023).

India also witnesses a positive interest in sale of electric ZETs in recent years. The Vahan data
indicates that 231 heavy duty electric trucks were registered in India of the 2,82,391 heavy duty truck
registrations in 2024. In line with its 2070 net-zero targets, India targets to create demand for 7700
electric trucks by 2030 (PIB, 2023). The Indian HDV truck sales market is dominated by largely 2-3
OEMs collectively contributing to 99% of the domestic sales (SIAM). The introduction of favorable
ZET policies shall be crucial to ensure faster deployment of ZETs.
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EV Policies and Schemes

Currently, India’s policy framework for electric vehicles (EVs) lacks in prioritizing the electrification of
trucks. The trucking sector needs specific policies and skill development programmes. The FAME |
and Il schemes allocated funds to create demand for EVs in the country by supporting e-2 wheelers,
e-3 wheelers, e-LCVs, electric cars, and e-buses. Depending upon the initial uptake of different vehicle
categories, the scheme suggested the funds be flexibly allocated to promote further adoption in line
with the market demand, however electrification of trucks was not incentivized in these schemes.
The PM eDrive is the latest initiative which was officially inaugurated on October 1, 2024, and has an
outlay of 10,900 crore, which is a significant step towards the progressive advancement of electric
mobility in India. This initiative allocated 2500 crore for e-truck purchase as an incentive. However,
the eligibility criteria for e-trucks to avail of incentive is yet to be announced. ZET specific skilling
initiatives may further help in increasing the production of e-trucks.

Skilling Policies and Schemes

Realizing the need for skilling for EVs, many initiatives have already been taken to promote skilling in
sustainable modes of transport and electric mobility.. The Government of India hasimplemented many
acts, schemes and missions like The Apprenticeship Act, 1961, National Policy for Skill Development
and Entrepreneurship, 2015; set up of National Skill Development & Skill Council in 2021 and initiated
Pradhan Mantri Kaushal Vikas Yojana (PMKVY 4.0) in 2022 to develop proficiency and skills in this
emerging field.

Despite the current policies and schemes in India, there is still a gap in the availability of EV skilled
workforce. According to a study by the Society of Indian Automobile Manufacturers (SIAM), only
574% of Bachelor of Engineering (BE) and Bachelor of Technology (BTech) graduates in India are
employable in the automotive industry owing to the factors like mismatch between industry needs
and training curriculum due to rapidly evolving nature of EV technologies. Many training centres and
institutions lack the infrastructure and equipment to train individuals on the latest EV technologies.
There is a limited collaboration between industry and training providers. Measures need to be devised
to utilize the current government policies to its fullest extent in creating a skilled workforce through
collaborative efforts. The skilling for ZET shall also require significant changes in the present training
methodology owing to the increased sophistication of components in ZETs as compared to ICE
trucks.
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ICE Truck vs ZET

Components

The key difference between the ICE and electric truck is that the ZET includes new features like
batteries, EV powertrains, etc., in place of ICE components like combustible fuel and exhaust system.
The number of moving parts in EV is less than 200 as compared to 2000 components in ICE (Motor,
2024). Thus, a high level of hardware-software integration through power electronics is required in
EVs. Some components like truck body, tires, and chassis are similar for ICE truck and ZETs. The
need for digitally skilling manpower with the transition to ZETs has led to the skill gap in the present
trucking industry.
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Figure 1: Key components of internal combustion engine powertrain
Source: TERI
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Source: Madichetty, S. et al (2022)
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Skill Gap and

Job Impact

A recently conducted study by TERI captured the skill gap and job impacts due to the ZET transition.
The study highlights that the automotive sector is undergoing Industrial Revolution 4.0, a significant
digital shift impacting the end-to-end processes. Vehicle manufacturing, assembly, and diagnostics
have become increasingly software and automation-oriented since the upgradation to BS IV and BS
VI. Transition to ZETs has further increased the need for these abilities. ZETs are simply computers
on wheels and require software expertise in domains such as sensors, Internet of Things (loT), cloud
computing, analytics, and Al for real-time decision-making. Further training in the technical, analytical,
regulatory and sustainability domains are crucial for holistic skilling for electric trucks.
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Figure 3: Skills required for ZETs
Source: TERI analysis based on primary and secondary study
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The major skills required in the pre-active, active, post-active life of the truck and for the enablers of
the transition are listed as follows:

Table 1: Key skills required for ZET transition

Pre-Active Life of , EV cells, battery packs, BMS, power
Design, R&D . :
Truck electronics, ZET system architecture
Assembly of EV powertrain, EV algorithm,
Manufacturing and Assembly | quality control, HV safety, EV retrofitting,
automation and robotics
Active Life of Sensitization on ZET technology, ZET value
Sales and Dealers _
Truck chain network
ZET ice, EV di tics, driving,
Operation and Maintenance service iagnostics 'rlvmg energy
management, battery swapping, EV safety
Charging infrastructure installation and
Charging Infrastructure gl, g [nirastru U .l .l
operations, Smart Grid integration
Post Active Life of L EV waste value chain, hazardous waste
Second use application )
truck management, disassembly of EV components
Recycling and end-of-life Battery and EV powertrain recycling and
treatment repurpose techniques, circular economy
Enablers of the | Government (Centre, State, | Sensitization about EV fundamentals, CMVR
Transition ULBs, STUs) compliance, EV regulatory compliance
Charging infrastructure planning, strategic
Transport Department, g 9 o P 9 d
. . planning of zero emission zones, and transport
Highway authorities )
and transit hubs
EV homologation, functional safety and CMVR
Testing and Certification , gt Hnet 4
regulations
) ESG, techno-commercial, MBM, Carbon
Finance )
credits
) Handling EV-related accidents, hazardous
First Responder )
waste handling
End User EV operations and safety fgndamentals. First
response to faults and accidents
Source: TERI

Job Impact Analysis: The TERI study analyzed 167 job roles for 17 stakeholder groups covering the
entire truck value chain across the lifecycle of truck in India. The study inferred that the primary
stakeholders like the ICE component manufacturers are expected to be negatively impacted in case
of increased electric truck adoption, on the other hand manufacturers of new EV technologies like
battery, cell, EV powertrain are expected to be positively impacted. Secondary and tertiary stakeholders
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like manufacturers of modified and neutral ICE truck components like cabin body, chassis, tyres, etc.,
shall have a low indirect impact, with the increased electric trucks adoption (TERI, 2025).

Tracking Sector Job Roles Nos %

Upskilling existing workforce for retention

Reskilling existing workforce to adapt to
EV transition

New jobs roles
Netrual jobs roles
Total 167 100%

[ Upskilling existing
workforce for retention

[ Reskilling existing workforce
to adapt to EV transition

[ New jobs roles
I Netrual jobs roles

Figure 4: TERI findings on the job impact due to ZET transition
Source: TERI

Note *Neutral jobs roles are - HR, Administration, Accounts, Communications and Managerial

ZET Job Impact

Financial institutions | 86
Testing and certification | = 88 6
DISCOM | ([ 86
Training institute and
course content creators 33 50 17

Pre-active life of the truck
Battery
manufacturers T

Fuel systems

and exhaust 83 17

Enine manufacturers 80 20
OEM & component
manvfactrers T
ZET R&D 29 43 29
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Active life of the truck

Cargo logistic
transportation 75 25

Charging infrastructure
providers

Vehicle dealers | 88

Repair and maintenance - [ N7 R TR

(workshop)

Energy management [EEX I N T

Unorganized sector 71 29
Fleet operators 80 20
Retrofitting 33 53 13

Post-active life of the truck

Battery recycling | 'L 57% 29%

Figure 5: Stakeholder-wise job impact
Source: TERI

Figure 4 highlights that, overall, 50% of the existing workforce in the truck value chain involved in
the pre-active, active and post active life of truck including enablers will require reskilling to adapt
to the ZET transition. It is to be noted that 32% of the workforce will be severely impacted by the
ZET transition and shall require upskilling to retain their jobs; these include the workforce directly
associated with ICE fuel, engine, exhaust components or the informal sector. About 15% new job roles
in EV battery, charging infrastructure, energy management, etc., shall be created with the transition.
Further 3% job roles like admin, HR, etc., shall have a neutral impact with the transition. Further, Figure
5 highlights the impact on the workforce involved in key functions in each life stage. The analysis also
helped in gaining crucial insight about the impact of ZET transition on the Indian trucking value chain.
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Key Insights on

the ZET Transition

The transition to electric trucks will have the following impacts on the truck value chain:

Challenges for MSMEs: The large corporate truck OEMs have well-established set-ups for in-house
skilling and training to reskill the workforce in line with the transition. However, the blue collared
workforce in micro, small and medium enterprises (MSMEs) engaged with automotive component
manufacturing have limited training opportunities and thus needs focused skilling initiatives.

Requirement of a digitally skilled, more qualified blue-collar workforce for ZETs: With the faster
adoption of ZETs there will be a massive reduction in unskilled workers and a corresponding increase
in skilled workers. The present 10th pass or 12th pass or basic mechanical diploma holders in the
trucking sector will struggle in understanding the new ZET technology without basic knowledge of
electronic transmission. There will be a requirement for a higher-qualified workforce with expertise in
automation, robotics, power train transmission, etc.

Challenges for the Informal Workers: The Indian trucking industry has vast value chain dominated
by stakeholders from the informal sector, particularly in the service and maintenance segment.
Informal mechanics, helpers, small fleet owners, and individual truck owners will be most affected by
the electric truck transition and shall require focused training initiatives.

Formalization of truck repair and maintenance: Transition to ZETs from ICE trucks envisages a total
transformation in the maintenance of vehicles. There will be an increase in the number of authorized
service centres affiliated by the OEMs. The small roadside garages and workshops would be replaced
by sophisticated and mechanized workshops managed by skilled technicians with knowledge of
cloud diagnostics for electric trucks, computer-based applications, handling of electronic system
transmission, etc.

Electric truck driving: ZET operations will be less strenuous for the drivers, however, the ZET drivers
shall require formal training for interpreting the EV systems, dashboard, and troubleshooting.

New opportunities with electric trucks transition: A manifold increase is expected in EV-specific
jobroles. Skilled EV technicians, EV material scientists, software professionals, charge point operators,
DISCOMs, trainers, battery swapping and energy management experts, etc.,, would be in high
demand. A further increase in demand would also be seen with indigenization of the production of
battery and other EV components.

Gradual pace of transition to electric trucks: It is to be highlighted that despite the actions
towards transition to ZETs, the pace of transition to ZET is gradual due to several factors pertaining
to development of ecosystem for e-HDVs which will still take time. The projections from the TERI
studies indicate that the number of ICE trucks will continue to rise in the coming years. Hence, the on-
ground impact of the transition will be gradual and not drastic, giving ample time to the stakeholders
to adapt to the change, acquire new skills and even explore alternate opportunities. It is expected
that the workforce losing their jobs will get absorbed for automotives with new technologies such
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as hybrid, hydrogen combustion engine, etc., as these are improved ICE technologies and require
similar skillsets (EY, 2023). The impact on the present vulnerable workforce can be mitigated with
timely upskilling and reskilling initiatives. Thus, it is important to develop suitable skilling initiatives for
timely reskilling and upskilling of the existing workforce while addressing the challenges for a smooth
transition.
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Challenges in Skilling the

Indian Trucking Value Chain

According to SIAM, automotive industry is facing a skill deficit of 45% and to achieve the target of a
30% shift to EV by 2030 as envisaged by the Government of India, EV sector would need 2,00,000
skilled workforce by 2030 (SIAM, 2024). Hence, skilling as a challenge is inevitable and requires a
specific focus. Some of these challenges in the skilling for electric trucks are identified below.

Industry Adaptability

1.

Due to lack of adequate production facilities coupled with technological complexity and absence
of indigenous R&D facilities of ZETs in India, over 50% of the components like batteries, semi-
conductors, and permanent magnets are imported which is a big deterrent in quick adoption.
Lack of standardization of ZET training programmes across the industry as well as country makes
it difficult to create universal training programmes.

Insufficient availability of trained service technicians for prompt servicing of software related
issues, especially during breakdown enroute is a severe issue.

Uncertainty among workers about future employment prospects makes them hesitant to pursue
new training opportunities.

Being an evolving technology, frequent modifications and improvements are expected, especially
the batteries, chargers, electrical aggregates & electronic control units, leading to a need for
continuous upgradation of knowledge and training.

Educational Infrastructure

1.

Most of the existing curriculum of ITls and vocational courses is outdated and often lack courses
on ZETs in domains such as power electronics, semiconductors, electronic transmission, charging
infrastructure, battery recycling, etc.

There is a shortage of experienced instructors in ZET-specific technologies, which poses another
major obstacle.

Most of the ITls lack the necessary equipment and resources for effective hands-on training on
ZETs.

In order to promote skilling in the ZET sector, it is crucial to invest on multiple research and
development initiatives pan India and encourage students and professionals to engage in the
R&D of EV technology.

Economic Factors

There is a low ZET adoption because of high capital investment (Capex).

Constant change in fuel choices and components has led to resistance amongst manufacturers
from investing in training and upskilling programmes.

High retraining costs leads to reluctance to invest without adequate financial support or
incentives.



ROADMAP FOR ZERO EMISSION TRUCK (ZET) ‘ 13

Accessibility and Inclusivity

1.

ZET adoption is low because of range anxiety, safety concerns, and simple access to service
facilities leading to lesser enthusiasm amongst the workforce and the customer to get invested
in this segment.

The uneven geographical distribution of training programmes and resources hinders the access
of essential education and training in remote or underserved areas.

Training programmes currently lack inclusivity and fail to accommodate the diverse range of
learning needs and styles to ensure the benefit of all workers.

Lack of gender parity in the auto industry is another prominent challenge.
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Policy

Recommendations

The following suggested short-term and long-term measures will be crucial in mitigating the
challenges and provide an inclusive skilling ecosystem while transitioning to electric trucks:

Short-term interventions: The following actions can be initiated within the next 5 years for better
skilling impact.

1. A National Policy for ZEV Adoption and Skilling: A National EV Skilling Policy needs to
be formalized with a roadmap for skilling the existing vulnerable workforce and promote
entrepreneurship in EV domain in the next 10 years. Government bodies like the Ministry of Heavy
Industries (MHI), along with the Ministry of Skill Development and Entrepreneurship (MSDE) and
Niti Aayog can collaboratively develop a National Policy to reinforce the academia-industry tie-
ups for curriculum development, industry apprenticeships, training of trainers, hands-on training,
etc. The policy can promote formation of working institutions like EV Skill Development Councill,
Centre of Excellence, Science and Technology (S&T) clusters, living labs, etc., for R&D in latest
EV technologies. The national policy can ensure consistency and quality throughout the industry
through standardization. It can ensure globally accepted accreditations and industry recognition
to the trained workforce for better placement and job opportunities. The national policy can
promote setting up regional training centres, Special Economic Zones (SEZs) for focused skilling
of the existing workforce while ensuring inclusive training. The policy can provide financial
support through incentives, loans, grants, and subsidized training initiatives and devise feedback
mechanism with frequent monitoring, evaluation and upgradation of the skilling initiatives to
ensure long-term effectiveness.

2. EV Curriculum Upgradation in the Vocational Training Institutes: Stakeholder function-
specific training initiatives need to be tailored according to the functional requirement of the
stakeholder. New courses on e-mobility, mechatronics, power electronics, electrochemistry, EV
cells and battery packs, energy management, charging infrastructure, EV diagnostic, EV driving,
end-of-life treatment, EV retrofitting, etc., should be initiated by government bodies like the
Directorate General of Training (DGT) and the National Council for Vocational Education and
Training (NCVET) under the Ministry of Skill Development and Entrepreneurship (MSDE) with
emphasis on software integration, automation, AI&ML, and robotics.

3. Initiate Measures for Inclusive Skilling Initiatives: The Ministry of Skill Development and
Entrepreneurship (MSDE) along with the Ministry of Heavy Industries (MHI) can develop more
inclusive skilling initiatives aiming at helping the vulnerable blue collared, informal workforce in
the automotive sector. Initiatives like recognition of prior experience (RPL) certification to the
experienced informal workforce, recognitions and awards for institutions practicing inclusivity at
workspace can be promoted. Affordable initiatives can be promoted to benefit larger number of
aspirants.

4. Funding Mechanism for the Skilling Initiatives: A combination of debt, equity or grants along
with self-funding mechanism shall be suitable to devise a sustainable business model for skilling.
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EV-related training should be promoted, especially for those organizations which are a direct
stakeholder in the truck value chain. Manufacturers associations like Society of Manufacturers
of Electric Vehicles (SMEV) and Society of Indian Automotive Manufacturers (SIAM) can help in
bringing the key players together for collaborative effort. However, a separate budgetary allocation
can be made for the promotion of E-Mobility in the long term by the government ministries like
MSDE and MHI.

5. Measures to Equip the ITI, Polytechnic as a Resource for EV Training: Government ministries
like MHI and MSDE can mandate the adoption of ITls by the truck OEMs based on the size of
the company. The corporates can provide the funds for setting up state-of-the-art EV skilling
facilities in these institutions. All training institutes must be set up with collaboration with industry
to ensure hands-on skill, placements and industry ready skill.

6. Innovative Initiatives: Initiatives like setting up living labs on ZET corridors to record the skill
gap can be initiated collaboratively by government bodies like Niti Aayog, MHI, MSDE Office of the
Principal Scientific advisor (PSA), Center of Excellence for Zero Emission trucking (CoEZET) etc.
Living Labis a collaborative R&D space where real-world settings are used to test new technologies
and processes along with assessment of technological and economic feasibility. These labs can
be crucial for gaining insights into nascent technology adoption through stakeholder feedback.

Long-term Interventions: The following are suggested long-term interventions which should be
initiated within 10 years:

1. Inclusion of EV Courses in Educational and Technical Institutes: An early start of knowledge
about EVs can help to channelize the interest in sustainable automotive solutions, which can be
an effective long-term action that will help in creating a pool of skilled professionals for electric
mobility including ZETs in the future. MSDE and the Ministry of Education (MoE) may consider early
inclusion of the courses on EVs in India.

2. Setting up Special Economic Zones (SEZ) for ZETs across Multiple Locations in India:
Government bodies like Niti Aayog along with the Ministry of Heavy Industries may consider
establishing EV-specific SEZs to attract global investments, reduce production costs, and offer
incentives for R&D activities. Setting up SEZsinautomobile hubs suchas Pune, Chennai, Aurangabad,
Guijarat, Pantnagar, Delhi NCR, etc., can create a network of automobile manufacturers, R&D and
ancillary services, training institutes in close vicinity. SEZs can catalyse the pace of technological
advancement in EVs and provide more job opportunities.

3.Develop Strong R&D and Indigenous Manufacturing Ecosystem in India: India needs to
develop an ecosystem for R&D and indigenous manufacturing of batteries, drivetrains and
power electronics needs to be promoted to reduce the reliance on imports and create more
job opportunities. Strategic global collaborations among the government bodies like Niti Aayog,
the Ministry of Skill Development and Entrepreneurship, the Ministry of Heavy Industries with EV
leaders can be promoted for technology transfer and knowledge exchange.

4. Implementation of Mechanism to Regularly Monitor Re-skilling Strategies: Ministries like MoE
and MSDE may develop a dynamic and responsive structure for the feedback and assessment to
ensure the long-term effectiveness of ongoing reskilling programmes, particularly in rapidly evolving
technological sector like the electric vehicles (EVs). Industry feedback surveys, job market analysis,
employer and employee feedback, trainer and trainee feedback are crucial to identify the skill gaps
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and recommend action areas. The career progression of the trained workforce needs to be tracked
to measure the long-term impact of the skilling initiative and identify further enhancements to
meet the overall vision of the industry.

Case Study illustrates how training initiatives translate into on-ground employment opportunities
through government, industry, and academia partnerships.

The Vocational Education and Training system was created by the German government in
partnership with academic institutions and industry leaders offers 330 skill-development courses
on subjects like smart grid compatibility, diagnostics and maintenance, renewable energy
integration, and high-voltage systems for ZETs. The Federal Employment Agency makes sure that
these courses satisfy the industry demands while the Federal Institute for Vocational Education
and Training guides the program structure to address the skills gap. The trained participants are
recruited by the industry partners. With around half a million participants annually, the program
continues to play a significant role in Germany's skilled labor force (Wire, 2018).
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The impact of ICE to e-truck transition requires a need for complete overhaul of skilling in the
Indian trucking industry. The blue collared and informal workforce associated with the MSMEs, and
informal set-ups are more vulnerable to job impact as compared to the workforce employed with
larger OEMs. With the faster adoption of ZETs there will be a massive reduction in unskilled workers
and a corresponding increase in skilled workers. The workforce needs to be upgraded by providing
suitable skill enhancement programmes. The skilling initiative needs to be holistic and focused on the
vulnerable workforce for more benefit. Alternatively, focus should also be around dealing with the
consequences of informality, creating alternative livelihoods, ensuring gender-sensitive development,
and enhancing social infrastructure for a smooth and just transition.

Long-term collaborations between industry, government, and academia are the key to effective
skilling. By addressing these key challenges and implementing the recommendations provided, India
can create a robust and skilled workforce ready to meet the demands of the ZET transition. The
success of this transition will not only contribute to India’s decarbonization goals but also ensure
sustainable job creation in the automotive industry.
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