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Heavy goods vehicles will continue relying 
on diesel in the business-as-usual scenario, 
accounting for over half of road transport 
energy demand in 2050.
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Executive summary

India’s road transport sector faces a critical transition period with multiple competing 

fuels and technologies, such as the incumbent petrol and diesel, and newer options like 

compressed natural gas (CNG), liquefied natural gas (LNG), electricity, and green hydrogen. 

The sector needs to balance multiple challenges:

• Import dependency: Currently, India is heavily dependent on crude oil imports—87.7 

per cent of demand was met through imports in 2023–24. Nearly half of refinery products 

(by volume) are used in the road transport sector, thus underscoring the importance of its 

transition to alternatives for import avoidance (Petroleum Planning & Analysis Cell [PPAC] 

2024).

• Demand growth and emissions: India is considered a lower-middle income country 

(The World Bank n.d.) that has a significant growth potential. Consequently, there will 

be a sizeable increase in road transport demand and vehicle stock across the country. 

However, this growth must be aligned with emission reduction objectives. Road transport 

accounted for 9 per cent of India’s total emissions of 3 billion tonnes of CO₂ in 2018 (GHG 

Platform India n.d.). For India to achieve its net-zero emissions target by the year 2070, 

affirmative actions are required in the transportation sector.

• Refinery capacity: Growth in transport demand will also lead to a growth in demand 

for petrol and diesel in the short-to-medium term while the energy transition gains pace. 

In this period, the country could need additional refinery capacity to meet demand. 

However, as alternative fuels like CNG, electricity, hydrogen, and LNG gain popularity, 

fossil fuel demand will peak in the coming decades, leading to the risk of stranded assets 

in the refining business and its supply chains. 

• Supply infrastructure for alternative fuels: Aside from the need to make the economics 

more favourable, supply infrastructure for CNG, LNG, electricity, and green hydrogen 

needs to be strengthened substantially to allow consumers to transition with minimal 

compromises. Developing such infrastructure has its own challenges with respect to 

pipeline connectivity (for gas), grid capacity (for electricity), land availability and leasing 

costs, and low utilisation levels in the initial years.
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A. Need for this study

Our transportation fuel forecasting model (TFFM) is the first comprehensive model that 

allows for district-level analysis and projections of vehicle stock and energy demand from 

road transport. The study provides actionable insights for multiple stakeholders: 

• Original equipment manufacturers (OEMs) and technology providers: On what 

technologies and supply chains to develop, manufacture and market.

• Fuel providers: Trade-off between scaling up renewable technologies and fuels or 

increasing fossil fuel capacity, which may become obsolete in the future. 

• Financiers: Clear long-term vision that would enable investment at scale with minimal 

risk to investment.

• Policymakers and planners: Short-to-medium-term actions such as tax breaks and 

subsidies, along with long-term plans to send clear policy signals to industry regarding 

the transition.

Our model facilitates a comprehensive understanding of shifting energy demand patterns 

across different regions, enabling informed decision-making on infrastructure development 

priorities and targeted policy interventions. It will help address planning challenges for 

refinery capacity, battery manufacturing, CNG/LNG refuelling stations, and EV charging 

stations. Additionally, the model will also provide valuable insights into the evolving 

dynamics of fuel tax revenues over time.

B. Methodology

The TFFM projects energy demand from eight different fuels and 10 vehicle segments at a 

district level by combining three components, as shown in Figure ES1. 

• Vehicle stock model (VSM) for district-level projections of vehicle stock in the 10 vehicle 

segments till 2050. The analysis and results of the VSM are given in Mohan, et al. (2025).

• Total cost of ownership (TCO) calculator to compare the purchase and ownership cost 

for different fuel types available to each segment (43 different combinations of segment 

and fuel type evaluated) in each projection year till 2050. The inputs, assumptions and 

TCO comparison results are given in Elango, Mohan, et al. (2025).

• Fuel choice model (FCM) that apportions the stock in each vehicle segment to the 

different fuel types based on the TCO data, along with survey-based technology adoption 

rates (i.e., expected consumer willingness to adopt EVs and green H₂ vehicles) and 

refuelling infrastructure constraints (i.e., the number of new vehicles than can be 

supported by new CNG/LNG and H₂ refuelling and EV charging stations). The decision-

making process employed by the FCM assigns fuel types to newly registered vehicles in 

each segment by following three steps:

 - TCO: Find the cheapest fuels for each projection year and district for a given vehicle 

segment in ascending order of TCO. 

 - Adoption rate: Check the adoption rate of the given fuel (if electric or green 

hydrogen) in that year (based on anticipated consumer preference) for the cheapest 

fuel, and allocate registrations to that fuel. We obtained anticipated consumer 

preferences only for EVs and green H₂ vehicles (as they are markedly different in 

design and operation) from a survey of transport sector experts from academia, think-

tanks, industry, and the government.

The 
transportation 
fuel forecasting 
model (TFFM) 
projects energy 
demand by 
source and 
vehicle segment 
at a district level 
for India
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 - Infrastructure constraints: Check the availability of refuelling infrastructure 

capacity for that fuel in that district and year, and adjust registrations accordingly 

(except for petrol and diesel, for which infrastructure is widespread). We projected 

infrastructure growth for CNG, LNG, and EV-charging stations based on past trends, 

regulatory authorisations, and assumed growth rates to account for infrastructure 

deployment lagging behind the adoption of, or the intent to adopt, newer fuel types.

The steps then repeat for the next cheapest fuel option and so on till all new registrations in 

that vehicle segment are allocated to the available fuel types.

Figure ES1 The transportation fuel forecasting model combines three distinct components

TCOVehicle stock

Outputs

Fuel choice 
model (FCM)

Tech adoption
rates

Fuel infra
constraints

Historical 
registrations

Survival
rates

Vehicle stock 
model (VSM)

GDP Population

Fuel
economy

Depreciation/
Interest

Total cost of 
ownership (TCO)

Vehicle prices Fuel prices

Source: Authors’ representation

Using the above process, we arrived at the district-level vehicle stock by fuel type. Based 

on the assumptions of fuel economy and annual mileage (Elango, Mohan, et al. 2025), we 

calculated the demand for each of the eight fuel types in each district in the country.

C. Key results and insights

According to our projections, the total energy demand from road transport is projected to 

double from 5.3 Exajoule (EJ) (2023) to 10.7 EJ (2050), as shown by Figure ES2. In the baseline 

scenario, we expect diesel to still form a large portion of the demand, accounting for nearly 

60 to 65 per cent of the total energy demand, as the bus and heavy goods vehicle (HGV) 

segments do not transition to EVs due to range and infrastructure limitations. Diesel demand 

starts declining only in the late-2040s (in 2047 with a peak demand of 6.4 EJ) once hydrogen 

fuel cell-electric vehicles (FCEVs) gain market share. In contrast, petrol demand peaks by 

2032 with a peak demand of 1.9 EJ, as most petrol-powered vehicles in the two-wheeler (2W), 

three-wheeler (3W) and four-wheeler (4W) segments switch to EVs as they are cheaper to own 

and run overall.
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Figure ES2 Diesel demand will peak by the year 2047
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At a state level, our projections indicate shifts in demand patterns between 2023 and 2050 

(Figure ES3). Northern states, especially Uttar Pradesh, will see the largest growth in energy 

demand due to a large, still-growing population and lower gross domestic product (GDP) 

per capita levels at present. The demand share of Uttar Pradesh increases from 10.1 per cent 

(2023) to 18.3 per cent (2050). On the other hand, the shares of southern states like Tamil 

Nadu, Karnataka, Telangana, and Kerala decline as their populations will peak sooner.

Figure ES3 State-level energy demand maps show differing patterns between 2023 and 2050

a) State-wise energy demand in 2023 b) State-wise energy demand in 2050
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Note: The conversion factor used is 1 Petajoule (PJ) = 0.001 Exajoule (EJ). 
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Figure ES4 shows the change in demand for petrol and diesel over the projection period and 

reveals a diverging demand pattern. The ratio of petrol to diesel demand starts declining 

steadily beyond 2030; this trend could make it difficult for refineries to meet the diesel demand 

in their current configuration, which has limited flexibility to change the product mix. 

Figure ES4 Petrol and diesel demand start diverging beyond 2030
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Even though the share of electricity in the energy demand rises to only 14 per cent by 2050, 

the equivalent electricity demand of 420 TWh in 2050 (Figure ES5) is significant—it is a 

quarter of India’s generation of 1,734 TWh in 2023–24 (NITI Aayog 2024).

Figure ES5 By 2050, the transport sector could consume 25% of today’s total electricity demand
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CO₂ emissions from road transport peak at 685 Mt by 2045 before starting to decline (Figure 

ES6). Heavy vehicles (especially HGVs) remain the biggest challenge; HGVs contribute more 

than half of the CO₂ emissions annually post-2040, indicating the need for dedicated policies 

and regulations to accelerate the energy transition for this segment.

Figure ES6 CO
2
 emissions from road transport will peak in the mid-2040s
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D. Recommendations

• Need for EV and LNG transition to manage diesel demand: Building and operating 

additional refinery capacity to meet the increasing diesel demand will be challenging. 

Policy and infrastructure development need to focus on LNG refuelling stations and 

high-capacity EV charging stations for trucks and buses along high-traffic corridors, 

along with domestic R&D investments for vertically integrated battery manufacturing to 

reduce costs. In the longer term, hydrogen-fuelled trucks and buses will support further 

decarbonisation in the heavy-duty, long-distance segments.

• Alternative revenue models needed to manage fuel tax revenue losses: Tax revenues 

from petrol and diesel sales will start declining in the 2040s. At the prevailing electricity 

duty rates, the increase in electricity sales will be insufficient to bridge the revenue gap. 

States must instead look towards changing the revenue model to manage the decline, 

choosing options like distance-based taxation.
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• EV fast-charging infrastructure along freight and bus corridors: An up-to-date 

mapping of goods vehicles and bus corridors is required to understand how fast-charging 

infrastructure can be strategically deployed such that key corridors are prioritised. This 

will allow for MGVs, HGVs and buses travelling over longer distances to switch to EVs 

without constraints of charging infrastructure.

• Lower EV charging tariffs needed for HGV transition: Bringing fast-charging costs 

to below INR 10/kWh may be necessary for an EV transition to be economically viable 

for buses and HGVs. Input tariffs for charging stations must be reduced; some states like 

Delhi and Goa already have much lower charging tariffs than in other states. 

• Data generation on parking to understand scope for EV sales growth: Consumers 

with private parking are more likely to adopt EVs; they can install their own chargers and 

conveniently charge overnight without having availability and capacity limitations of a 

public charger. The government should prepare data on parking characteristics at least in 

major cities.

• Slow-charging infrastructure in public parking spaces will support EV transition: 

Slow-charging infrastructure can be deployed along public parking areas to encourage 

EV adoption by consumers who cannot install private chargers for convenient charging. 

Slow chargers are less capital-intensive and will cost consumers far less to charge 

(INR 4–6/kWh).
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1. Introduction

India’s diverse automotive landscape encompasses a wide array of vehicles, from two-

wheelers to heavy duty trucks, powered by an increasingly varied mix of fuel options. 

Traditional fossil fuels such as petrol and diesel continue to dominate. However, with the 

rapid pace of technological innovation, alternatives like natural gas (CNG and LNG), green 

hydrogen (H₂), and electric powertrains are gaining traction and competing to define the 

future of mobility in the world’s most populous nation. 

The uncertainty about the transition affects various stakeholders in the following ways:

• Original equipment manufacturers (OEMs) and technology providers do not have 

clear guidance on what technologies and supply chains to develop, manufacture, and 

market. For instance, should they invest in battery technology, or biofuels, or hydrogen 

fuel cells? How fast should they scale up? What are the risks of stranded assets to their 

investments?

• Fuel providers face a trade-off between scaling up renewable technologies and fuels, or 

increasing fossil fuel capacity, which may become obsolete in the future. For example, 

India is investing in domestic gas extraction and gas import terminals, building 10,000 

km of new natural gas pipelines (in addition to the existing 25,000 km) and significant 

CNG/LNG distribution assets, which may lose some financial viability if EVs become 

dominant.

• Financiers have access to a large amount of capital for green energy solutions, but they 

do not have clarity from policymakers on a long-term vision that would enable them to 

invest at scale. They also face challenges in managing their risks effectively, which leads 

to higher costs of capital, especially for smaller players in the ecosystem.

• Policymakers and planners focus on short-to-medium-term actions, such as tax breaks 

and subsidies, but they also need to consider long-term plans. This would then influence 

the other stakeholders, and address the issues mentioned above.

1.1 India’s dependence on oil

In 2021, road transport accounted for 14 per cent of total final energy consumption, and 92 

per cent of all transport-related energy demand, of which 95 per cent is covered by petrol 

and diesel. Other fuels, such as natural gas and electricity, still play a minor role. To fulfil 

most of this energy requirement, India imported 232.5 Mt of crude oil (87.7 per cent of its total 

requirement) in 2023–24. Given this context, transportation sector decarbonisation becomes 

crucial to meets India’s net-zero target of 2070, while ensuring it becomes ‘Atmanirbhar’ (self-

reliant) for its energy needs.
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To achieve its 2070 net-zero target and reduce emission intensity by 45 per cent by 2030 

(compared to 2005 levels), the Indian government is actively implementing various measures. 

However, as the world’s fourth-largest crude oil refiner, with an installed refining capacity of 

more than 250 million tonnes per annum (Mtpa), India is simultaneously planning to expand 

this capacity to 300 Mtpa by 2028 (S&P Global 2025). Of this, projects accounting for nearly 

37 Mtpa are set to be commissioned between 2024 and 2026. This capacity expansion requires 

careful planning, as the rapid adoption of alternative fuels could lead to stranded assets, 

rendering the additional refining capacity underutilised or obsolete over time.

1.2 Natural gas playing more and more important role

Natural gas is increasingly being viewed as a cleaner transition fuel. As of December 2023, 

India has approximately 33,347 km of authorised natural gas pipelines, with 24,723 km 

operational and 10,498 km under construction (Petroleum and Natural Gas Regulatory 

Board [PNGRB] 2024). Expanding the pipeline network requires a thorough understanding of 

current offtake and projections of future geographic demand to ensure optimal utilisation of 

the upgraded capacity. 

However, the expansion of gas infrastructure also presents the challenge of a simultaneous 

dual transition: first, from petrol and diesel to natural gas, and second, from fossil fuels 

to electricity. If natural gas serves only as a transitional fuel, poor utilisation of the 

infrastructure after the shift to electricity could pose significant challenges in recovering the 

capital invested. 

1.3 Need for electrification of transport

In 2017–18, road transport accounted for nearly nine per cent of the total national emissions 

(GHG Platform India n.d.). For India to meet its net-zero emissions target, decarbonisation 

of road transport is important, as it will also experience significant demand growth in the 

coming decades. Electrification is a crucial lever for minimising vehicular emissions. The 

government is actively promoting electric vehicles (EVs) through schemes such as Faster 

Adoption and Manufacturing of Hybrid and Electric Vehicles in India (FAME), and pilots like 

the National Highway for Electric Vehicles (NHEV) to expand charging infrastructure along 

highways. Accelerating EV adoption requires addressing current infrastructural deficiencies 

and understanding how public perceptions of these challenges impact adoption rates. 

In passenger transport (2W, 3W, cars, and buses), where electrification is considered key to 

decarbonisation, it is crucial to assess and project the rise in electricity demand and its impact 

on the grid. A shift towards renewables is necessary, along with grid and storage infrastructure 

upgrades, to ensure that mobility transitions are truly green. Investment in public charging 

infrastructure is essential and making the choice between fast and slow charging is a critical 

consideration. Additionally, the assessment of technologies such as battery swapping and 

sodium-ion batteries will be crucial for shaping the future of EV adoption.
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1.4 Green hydrogen for heavy vehicles

Electrification of freight poses significant challenges due to battery capacity, size and 

weight limitations, which can reduce a vehicle’s payload. Green hydrogen is viewed as a 

potential solution for decarbonising freight movement, particularly for medium- and heavy 

duty vehicles (MDVs and HDVs), which are among the heaviest emitters. To accelerate this 

transition, the government has launched the National Green Hydrogen Mission (NGHM), 

aiming to position India as a hub for green hydrogen.

However, scaling up hydrogen usage presents its own set of challenges. It requires expensive 

high-pressure or cryogenic storage systems. Burning hydrogen in internal combustion 

engines (ICE) is inefficient compared to fuel cells, and India currently lacks significant 

experience in manufacturing fuel-cell powertrains. Indigenising this technology will demand 

substantial investment in research and development to scale up production. Moreover, 

widespread hydrogen adoption will only be feasible if production costs are reduced enough 

to make it cost-competitive.

Therefore, in order to develop coherent policies that accelerate the process of 

decarbonisation of road transport, it is essential to assess future energy demand and fuel-mix 

compositions, to align the infrastructure development with long-term sustainability goals. 

This study combines India’s segmental vehicle stock calculated by analysing the historical 

stock (Mohan, et al. 2025), and the total cost of vehicle ownership across fuel choices (Elango, 

Mohan, et al. 2025). Together with a fuel choice model that incorporates infrastructure 

constraints, technology adoption rates, and scenario-based assumptions, these components 

form a comprehensive transportation fuel forecasting model (TFFM) that projects future 

energy demands across different vehicular segments and regions. The model aims to provide 

policymakers and industry stakeholders an analytical tool to identify the most effective 

pathways to achieve sustainable decarbonisation of India’s road transport sector.
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Image: iStock

CO
2
 emissions from road transport in India will 

peak in 2045 at nearly 700 million tonnes per 
year in the business-as-usual scenario.
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2. Methodology

Mohan, et al. (2025) calculated the vehicle stock till 2050 at a district level for the ten 

vehicle segments given in Figure 1. Elango, Mohan, et al. (2025) calculated the TCO for 

the different fuels available to each vehicle segment (now and in future).

Figure 1 Vehicle segments and corresponding fuel types considered in our analysis

Petrol EV CNG Diesel Petrol hybrid LNG Hydrogen

ICE

Hydrogen

FCEV

HGV

MGV

LGV

Bus

SUV

Taxi

4W

3W-G

3W-P

2W

Considered Not Considered

1  We considered the districts as per the 2011 Census. Due to data availability challenges, we combined some districts 

together (such as Mumbai and Mumbai Suburban) and carried out the analysis at a state level for some states 

(Delhi, Telangana, Jammu & Kashmir, Meghalaya, Nagaland, Sikkim, and Tripura).

Source: Elango, Sabarish, Dharshan Siddarth Mohan, Himani Jain, Hemant Mallya, and Virendra Ade. 2025. What Drives 

Vehicle Ownership Costs in India? A Segment-wise Analysis for India’s Road Transport . New Delhi: Council on Energy, 

Environment and Water.

We used this stock and TCO data in a fuel choice model (FCM) that determines which fuel a 

new vehicle registered in any future year will use. By combining all three components (i.e., 

vehicle stock model or VSM, TCO calculator, and FCM), we obtain the larger TFFM which 

provides the fuel-wise stock for each projection year at a district level.1
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Several studies have utilised similar methods for vehicle stock projections, using GDP per 

capita-based Gompertz projections for overall stock in different vehicle segments (IEA, 

IIT-D, CEEW, Tsinghua University). Fuel-wise stock calculations were made using logit 

models that consider TCO, range anxiety and charging time (for EVs), model availability, 

etc. These logit models calculate the probability of adopting different fuel types based 

on consumer surveys on the importance of each of these parameters (Keith, Struben and 

Naumov 2020; Hess, et al. 2009). 

However, obtaining probabilities through consumer surveys has some limitations:

• Hypothetical bias (stated vs actual preferences): People might respond to a survey in a 

certain way (stated preference) but act differently in real life (actual preference) due to 

constraints like cost, convenience, or habits.

• Limited knowledge of new technologies

• Social desirability bias in environmental questions: People tend to overstate their 

willingness to adopt green choices because they want to appear responsible and 

environmentally conscious.

• Lack of real experience with alternatives

• Changing preferences over time 

The cited studies have tried to mitigate for these issues by:

• Combining stated and revealed preference data.

• Using actual market data where available.

• Post-purchase surveys.

• Real-world trials before surveys.

• Correcting for systematic biases in responses.

Need for district-level analysis

Nuance in policymaking 

Many policies are driven 

by state/local authorities 

(such as EV charging infra 

and tariffs, registration and 

fuel taxes, congestion and 

pollution charges, etc.)

Modelling infrastructure 

constraints 

For better accuracy of the 

FCM, constraints in terms 

of fuel availability and 

refuelling infrastructure 

need to be provided at least 

at a district level. 

Effect of regional shifts 

Allows for greater flexibility 

in terms of modelling the 

effect of regional changes in 

income levels, infrastructure, 

demand, etc.

However, in the Indian context, since important future technologies like EVs and H₂ vehicles 

are in the nascent stages of adoption or development, obtaining revealed preferences or 

actual market data is not possible. Therefore, for our study, we obtained anticipated adoption 

rates from a survey of transport sector experts for electric and hydrogen vehicles, while the 

adoption of other fuel types was limited by the projected refuelling infrastructure growth. 

The sections below detail the structure and methodology of the overall model, the expert 

survey, and the infrastructure constraints.
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2.1 TFFM structure

Figure 2 shows the structure of the TFFM, including all three components. Mohan, et al. 

(2025) and Elango, Mohan, et al. (2025) discuss the VSM and TCO calculations in detail. 

In short, the VSM projects vehicle registrations and vehicle stock across districts for each 

year till 2050 using historical registrations data and GDP per capita projections. The TCO 

calculator finds the cheapest fuel option for each vehicle segment in each year till 2050 

based on projections of vehicle prices, fuel prices, maintenance costs, fuel economy, annual 

mileage, etc. 

This report introduces the FCM, which takes the future annual registrations and yearly TCO 

data to project the fuel-wise registrations and stock. The projections of fuel choice use two 

parameters—adoption levels of new technologies in each year (based on an expert survey on 

anticipated consumer preferences and perceptions), and the presumed build-out of refuelling/

recharging infrastructure (for newer technologies like CNG, LNG, electric, and green H₂).

Figure 2 The transportation fuel forecasting model combines three distinct components

TCOVehicle stock

Outputs

Fuel choice 
model (FCM)

Tech adoption
rates

Fuel infra
constraints

Historical 
registrations

Survival
rates

Vehicle stock 
model (VSM)

GDP Population

Fuel
economy

Depreciation/
Interest

Total cost of 
ownership (TCO)

Vehicle prices Fuel prices

Source: Authors’ illustration

The decision-making process employed by the FCM assigns fuel types to newly registered 

vehicles in each segment by following three steps:

• TCO: Find the cheapest fuels for each projection year and district for a given vehicle 

segment in ascending order of TCO.

• Adoption rate: Check the adoption rate of the given fuel (if electric or green hydrogen) in 

that year (based on anticipated consumer preference) for the cheapest fuel, and allocate 

registrations to that fuel. 

• Infrastructure constraints: Check the availability of refuelling infrastructure capacity for 

that fuel in that district and year, and adjust registrations accordingly (except for petrol 

and diesel, for which infrastructure is widespread).
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An expert survey 
informed the 
anticipated 
consumer 
preferences 
for future 
technologies 
and fuels 
like EVs and 
hydrogen 
vehicles

The steps then repeat for the next cheapest fuel option and so on till all new registrations in 

that vehicle segment are allocated to the available fuel types. We took a TCO-first approach 

in the FCM; a bulk of new registrations are two-wheelers and commercial vehicles (Mohan, 

et al. 2025), segments that are highly price-sensitive in India (Taj, et al. 2025). Thus, the 

cheapest fuel types within a vehicle segment get first priority for new registrations, and are 

then constrained by the adoption rate and refuelling/recharging infrastructure.

The below subsections provide more information on the consumer preference survey of 

transport sector experts and refuelling capacity modelling.

2.2 Adoption rates for newer fuels

Of the seven different fuel types we considered, two are incumbent fuels with widespread 

adoption in the present day—petrol and diesel. CNG, while well adopted in select cities 

such as Mumbai and Delhi, remains relatively uncommon across much of the country. Four 

other fuels—petrol-hybrid, LNG, electricity, and hydrogen—are more unconventional, and 

are uncommon. Of these, two stand out for being markedly different from the rest in terms 

of powertrain design, operation, refuelling infrastructure, and nascency in the market—

electricity and hydrogen.

As mentioned in Section 2, obtaining consumer preferences for newer and unconventional 

technologies and fuels through a consumer survey has several limitations. Therefore, for our 

analysis, we obtained anticipated consumer preferences only for EVs and H₂ vehicles from a 

survey of transport sector experts from academia, think-tanks, industry, and government. 

The survey posed questions on the anticipated influence of the below parameters on 

purchase decision in 2025, 2030, 2040, and 2050:

• Operations: Influence of ease of operating and maintaining the vehicle.

• Home charging (for EVs): Influence of having private parking spaces for EV charging.

• Public charging/refuelling: Influence of perceived availability and accessibility of public 

EV charging stations and hydrogen refuelling stations.

• Technology advancement: Influence of increased range and reduced charging/

refuelling time on adoption in future years.
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The respondents provided probability values for each of these parameters for the given 

years, and also provided the weightage of each parameter itself. The adoption rate was thus 

calculated as the sum-product of weightage and probability for each year. Figure 3 shows the 

results from the survey for various vehicle categories. The experts believe that 2W, 3W, and 

LGV EVs will see the quickest adoption by the market. On the other hand, they expect the M/

HGV segment to be the slowest to transition to electricity or hydrogen. The survey framework 

and questions are provided in the Annexure.

Figure 3 Results from the expert survey suggest a gradual increase in adoption of EVs and H
2
Vs
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2.3 Infrastructure constraints

Typically, infrastructure deployment has lagged behind the adoption of, or the intent to 

adopt, newer fuel types (Harrison and Thiel 2017). Therefore, beyond expected consumer 

perceptions, we also estimated the potential infrastructure build-out for refuelling/recharging 

stations. We projected infrastructure growth for CNG, LNG, and EV charging stations based 

on past trends, regulatory authorisations, and assumed growth rates. By correlating the 

new infrastructure in each district with the new registrations of that district each year, we 

estimated the number of new registrations that can be supported by this infrastructure. 

Petrol and diesel

As petrol and diesel are incumbent fuels with widespread availability, we do not expect 

perceptions or availability to constrain demand for them. As such, if petrol or diesel have the 

cheapest TCO for any vehicle segment, all new registrations are allocated to these, without 

checking steps 2 and 3 in the structure (see section 2.1).

CNG

The availability of CNG depends on the development of natural gas transmission and 

distribution pipelines. Authorisations for the development of gas pipeline networks and 

subsequent distribution of gas to various consumers are provided by the Petroleum and 

Natural Gas Regulatory Board (PNGRB). The PNGRB has authorised the development of 

city gas distribution (CGD) areas covering most of the country (PNGRB n.d.). The recent 

authorisations issued to city gas distributors also include conditions on CNG station build-

out over an eight-year period. We compiled the authorised developments of CNG stations 

from the authorisation letters available with PNRGB2, along with statistical reports of the 

Ministry of Petroleum and Natural Gas (2024) and the Petroleum Planning and Analysis Cell 

(PPAC 2024). We also obtained data from PNGRB through right-to-information (RTI) queries 

on historical data on CNG stations and dispensation.

Beyond the authorisations issued as of November 2024, we did not assume any further 

increase in the number of CNG stations. We instead assumed increasing utilisation factors 

of the CNG stations. From the RTI data obtained for 2023–24, we calculated the weighted 

average dispensation per station between the 10th and 90th percentile of values—this 

amounted to 730 tonnes of CNG per station in that year. We assumed that all stations 

dispensing a lower volume would linearly increase their output to this level by 2050 (stations 

with a higher dispensation were assumed to maintain the same level).

2  Older PNGRB authorisations did not provide station build-out information for some areas with existing gas 

networks, including Delhi and Gujarat. For these areas, we assumed that the number of stations remains constant.
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Figure 4 Distribution of CNG stations across districts in 2023 and 2050

0-21 273-606 606-75621-48 48-90 90-273 Only state level dataNo. of CNG stations

CNG stations’ distribution in 2023 CNG stations’ distribution in 2050

3  Note that all further data and analysis on Telangana, Jammu and Kashmir, Ladakh, Goa, Andaman and Nicobar 

Islands, Sikkim, Nagaland, Tripura, and Meghalaya were carried out at the state/UT level due to a lack of district-

level data on GDP and population.

Source: Authors’ representation based on PNGRB authorisations3.

LNG

We constrained the availability of LNG to only buses and HGVs. In the base case, we assumed 

that LNG would be available only in those districts that have existing or upcoming LNG 

import terminals. Currently, there are six operational LNG terminals in India, while five more 

are under construction (Ministry of Petroleum and Natural Gas 2024).

For buses, we assumed that all buses registered in a district that has an LNG terminal can 

switch to LNG, should the TCO be cheaper. For trucks, we obtained data on district-wise 

freight movement from a 2010 survey conducted by Rail India Technical and Economic 

Service (RITES Ltd.) for the Planning Commission (now NITI Aayog). The survey data carried 

information on the tonnage, origin and destination (at a district level) of cargo carried by 

MGVs and HGVs in 2010. We mapped the road routes for the top-80 per cent of tonnage 

in the country using the origin-destination (O-D) pairs and a routing algorithm based on 

OpenStreetMap (OSM) (Figure 5).
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Figure 5 Truck routes accounting for 80% of India’s total freight tonnage, mapped across 4000 O-D pairs

Source: Authors’ representation based on RITES data

Note: The map shows the road routes between 4000 pairs of goods origins and destinations. Darker lines indicate 

multiple overlapping routes, suggesting that those roads are highly trafficked compared to the lighter lines.
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Using this data, we assumed that LNG will be adopted only on following conditions in the 

base case:

• The TCO of LNG is cheaper.

• The origin district has an LNG terminal. Therefore, in the base case, only those trucks that 

carry cargo from one of the districts having LNG terminals can convert to LNG.

• The distance between the origin and the destination is 300 km or less. We assumed that 

LNG trucks will have a range of 600–800 km on a single tank; thus, the truck should be 

able to return to the LNG refuelling station with enough range to spare.

If all three conditions are satisfied, we then allocate the proportion of truck stock (based 

on average tonnage capacity) in that district—which carries cargo over a 300 km (or lower) 

distance—to switch to LNG.

Electricity

We assumed the growth in the number of public charging stations at a district level based on 

the existing deployment levels of public chargers. In our analysis, we assumed that buses, 

MGVs and HGVs rely primarily on public charging stations, while 4Ws, SUVs, and taxis rely 

on both private and public charging stations. We assumed that 2Ws, 3W-P, 3W-G, and LGVs 

rely only on private chargers, as these vehicles are used mainly for shorter trips.

We obtained data from the Bureau of Energy Efficiency (2024) on the number, capacity, and 

address of all public charging stations in the country. We found that charging stations had 

capacities ranging from 3 kW to over 100 kW. We divided these capacities into three buckets: 

slow (up to 10 kW), medium (10–50 kW), and fast (over 50 kW). We assumed that the first 

two categories are available to 4Ws, while the third category is used by heavy vehicles. For 

each category, we also calculated the number of EVs that can be charged per year based on 

the annual electricity consumption for each vehicle category and the assumed electricity 

generation per station (Elango, Mohan, et al. 2025).

We then assumed the number of charger additions annually for each of these three categories 

till the year 2050. More information on the charging capacity assumptions is given in Table 

1. We applied these category wise national growth rates to a district level using the number 

of chargers in that district as of September 2024. For districts that do not have any public 

chargers, we assumed that the first slow chargers (<50 kW) will be installed by 2025 and the 

first fast chargers (>50 kW) by 2030. Based on the 2024 data and assumed growth patterns till 

2050, Figure 6 shows the district-wise spread of public charging stations.
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Table 1 Public charger capacity assumptions

Public charger category Slow (<10 kW) Medium (10–50 kW) Fast (>50 kW)

Applicable vehicle categories 4W, SUV, taxi 4W, SUV, taxi Bus, MGV, HGV

Number of chargers in 2024 (Bureau of Energy 

Efficiency 2024)
26,470 6,465 1,548

Weighted average rating in 2024 (kW) 3.92 26.08 60.29

Availability (hours/day) 18 18 18

Capacity utilisation in 2024 30% 30% 30%

 in 2050 75% 75% 75%

Assumed chargers annually added in 2025 10,000 3,000 5,000

in 2030 15,000 7,500 8,000

in 2035 25,000 10,000 15,000

in 2040 30,000 15,000 35,000

in 2045 25,000 15,000 45,000

in 2050 20,000 10,000 40,000

Source: Authors’ analysis; Bureau of Energy Efficiency. 2024. Public Charging Stations. Accessed October 12, 2024; Elango, Sabarish, Dharshan Siddarth 

Mohan, Himani Jain, Hemant Mallya, Virendra Ade. 2025. What Drives Vehicle Ownership Costs in India? A Segment-wise Analysis for India’s Road 

Transport. New Delhi: Council on Energy, Environment and Water.

Figure 6 Distribution of EV charging stations at the district level by 2050

0–2k 43k–105k 105k–209k Only state level dataNo. of chargers 2k–6k 6k–13k 13k–43k

Source: Authors’ representation

Note: Of the total number of chargers in 2050, 38% are slow, 19% are medium, and 42% are fast.
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Hydrogen

We constrained the availability of green hydrogen to those districts that have good potential 

for solar power and wind-solar hybrid power generation (Mallya, et al. 2024). We assumed the 

wind-solar hybrid hydrogen production for supply to road transport will commence by the 

year 2030, while solar-based hydrogen will commence later by 2035 (as it is more expensive 

due to the need for larger battery storage capacity). The districts with hydrogen availability 

are shown in Figure 7.

Figure 7 Regions and levelised prices of green hydrogen

a) Wind-solar hybrid-based GH
2
 (2030 onwards) b) Solar-based GH

2
 (2035 onwards)

Wind-solar hybrid 
LCOH (USD/kg)

<3.0 3.0-3.3 3.3-3.6

>3.6

Solar LCOH (USD/kg) <4.0 4.0-4.25 4.25-4.5

>4.5

Source: Authors’ representation based on Mallya, Hemant, Deepak Yadav, Anushka Maheshwari, Nitin Bassi, and Prerna 

Prabhakar Unlocking India’s RE and Green Hydrogen Potential: An Assessment of Land, Water, and Climate Nexus.. New 

Delhi: Council on Energy, Environment and Water.
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Image: iStock

Deploying slow EV chargers in public parking 
spaces is an inexpensive way to support EV 
adoption.
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3. Results

In this section, we have presented the results and insights from the TFFM at a district, state, 

and national level. Our model’s VSM projected the stock at a vehicle segment level (Mohan, 

et al. 2025). The TCO calculator then compared the TCO of different fuels available in each 

segment for each projection year (Elango, Mohan, et al. 2025). The FCM combined the data 

from these two components to calculate and project the estimated fuel demand from each 

vehicle type in every district. We also generated numerous insights that are presented in 

Section 4.

3.1 District and state-level results

Our analysis suggests that energy demand patterns will shift substantially between 2023 and 

2050 towards the northern states, as shown in Figure 8. While overall energy demand doubles 

from 5,317 petajoules (PJ) to 10,708 PJ from 2023 to 2050, much of the growth occurs in states 

like Uttar Pradesh, whose share of the total grows from 10.1 per cent in 2023 to 18.3 per cent by 

2050. Meanwhile, the shares of states like Maharashtra, Tamil Nadu, Telangana and Andhra 

Pradesh decline. States like Uttar Pradesh and Bihar have tremendous scope for demand 

growth, owing to their large populations and relatively low GDP per capita at present. 

Figure 8 State-level energy demand maps show differing patterns between 2023 and 2050

a) State-wise energy demand in 2023 b) State-wise energy demand in 2050
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Energy demand (in PJ) 52-140 140-224
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Source: Authors’ analysis

The district-level growth patterns are shown in Figure 9. The data shows marked increases 

in total energy demand in districts like Kachchh, Thane, Pune, Gurgaon, Hazaribagh and 

Allahabad. Contrasting with the stock growth patterns given by Mohan, et al. (2025), we note 

that the growth in fuel demand does not exactly follow the same patterns; differences arise 

due to the share of less energy intense vehicles like 2W and 3W, and the increasing adoption 

of EVs in these vehicle categories, which are more efficient.

Figure 9 Energy demand saturates in the south, while rising across northern and north-western regions

a) District-wise energy demand in 2023 b) District-wise energy demand in 2050

0-10 85-211 211-369 Only state level dataEnergy demand (in PJ) 10-25 25-49 49-85

Source: Authors’ illustration
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The disparity between growth in stock and fuel demand is shown in Figure 10 for the top 15 

states by stock. The pyramid charts show the stock and fuel demand in 2023 to the left of 

the y-axis and those in 2050 to the right. The figure shows that while there is a much larger 

number of EVs and petrol vehicles in 2050 compared to 2023, the energy demand is primarily 

driven by diesel vehicles. This is because while diesel vehicles are fewer in number, they are 

mostly in the heavy duty segments (bus, MGV, and HGV) where both fuel consumption and 

annual mileage are much higher than in other segments. Therefore, while several schemes 

and policies are supporting the transition in the light-duty segments, more policy direction 

and support is needed to transition the smaller number of heavy vehicles that have a much 

larger share of the total energy demand and emissions.

Figure 10: Uttar Pradesh and Bihar witness a steep rise in energy demand, driven by rising vehicle stock
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Note: Values to the left of the y-axis are for 2023, and values to the right are for 2050.

Figure 11 provides a snapshot of the profiles of six states across the economic and geographic 

spectrum of India. For each state, the figure shows the evolution of fuel-wise energy demand 

over the decades, and also compares the fuel mix of the top-10 districts between 2023 and 2050.
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Figure 11 Case studies on fuel demand for a selection of states
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• Energy demand increases by 1.8x.

• EV share of 18 per cent by 2050; combined share of petrol and diesel declines from 86 per cent in 2023 to 61 

per cent in 2050.

• Highest LNG adoption (especially in Kachchh district) is due to availability of LNG terminal and large 

amounts of intra-district freight.

• Ahmedabad district has the highest EV adoption due to the higher number of 2W and 4W.

• CNG demand declines between 2023 and 2050 as few new pipelines have been authorised. CNG to EV 

switching is also observed in Gujarat.

b. Maharashtra
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• Energy demand increases by 1.7x.

• EV share of 21 per cent by 2050; combined share of petrol and diesel declines from 88 per cent in 2023 to 

55 per cent in 2050.

• Notable share of hydrogen FCEV at 6 per cent by 2050.

• Thane and Pune have among the highest district-level energy demand in the country.

• Most of the demand growth is projected to occur in Thane, Pune, Nagpur, and Raigad districts.

• Mumbai’s energy demand grows by just 19 per cent.

c. Tamil Nadu
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• Energy demand plateaus by 2040, as the state’s population has already entered a phase of decline.

• EV share of 19 per cent by 2050; combined share of petrol and diesel decline from 98 per cent in 2023 to 46 

per cent in 2050.

• Enormous growth of CNG expected, reaching 25 per cent by 2050; Tamil Nadu is among the last of the major 

regional economies to get CNG connections. 

• More rural districts like Namakkal and Tiruppur will experience an increase in demand.

• Highly urbanised districts like Chennai and Coimbatore will see demand declining due to stagnating/

declining stock, and a transition to more efficient fuels.
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d. Assam

2050204020302020

0

200

100

50

150

E
n
e
rg
y
 d
e
m
a
n
d
 (
P
J)

5 11 17

45

71

101
109

4

18

35

12

32

48

46

36

77

129

182

221

Assam

Diesel Petrol hybrid CNG

Hydrogen FCEV

Petrol LNG

EV Hydrogen ICE

0 50403030 2020 1010

Energy (PJ)

Dibrugarh

Tinsukia

Karbi Anglong

Lakhimpur

Cachar

Sonitpur

Dhubri

Kamrup

Nagaon

Kamrup
Metropolitan

Diesel Petrol hybrid CNG

Hydrogen FCEV

Petrol LNG

EV Hydrogen ICE

• Energy demand increases by 2.8x.

• EV share reaches 16 per cent by 2050; combined share of petrol and diesel drops from 100 per cent to 68 per 

cent by 2050.

• Some CNG and H₂ adoption by 2050, but diesel demand keeps rising due to infrastructure constraints on 

competing fuels.

• Kamrup Metropolitan district has the highest energy demand by far, both in 2023 and 2050, due to higher 

number of HGVs in the district.

e. Uttar Pradesh
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• Energy demand increases by 4.1x to about 2 exajoules (EJ); nearly 19 per cent of the total national demand, 

driven largely by HGV, bus, and 4W.

• Uttar Pradesh will have the highest energy demand of any state due to rising population and income levels.
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• The growth will have to be managed to avoid critical supply and infrastructure issues in managing such 

concentrated demand.

• EV share reaches only 11 per cent in the base case; combined petrol and diesel share will decline from 90 per 

cent in 2023 to 79 per cent in 2050. Diesel will still play a major role unless electricity and gas infrastructure 

are greatly strengthened, alongside improvements in public transport.

• The share of energy demand among the top-10 districts is almost even; in contrast, most other major states 

have 1–2 districts that are much bigger contributors.

f. Bihar
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• Energy demand rises by 3x.

• Similarly to Uttar Pradesh, Bihar will also grow substantially due to a high population base and lower GDP 

per capita levels at present. The primary vehicle categories contributing to this energy demand are HGV, 4W 

and 2W. 

• EV share reaches 16 per cent by 2050; combined petrol and diesel share reduces from 97 per cent in 2023 to 70 

per cent in 2050.

• Diesel demand will continue to rise unless more EV and gas infrastructure is provided.

• Patna district alone contributes to 13 per cent of demand by 2050. 

Source: Authors’ analysis

We calculated the CO₂ emissions based on the fuel demand in each region and vehicle 

segment by using fuel-specific emission factors (India GHG Program 2015); (Howarth 2023). 

Figure 12 shows the CO₂ contribution of each state in 2023 and 2050 according to our data 

and projections. Uttar Pradesh will be the largest emitter by far, with 124 MtCO₂ in 2050, more 

than double that of the next highest state. There are several pattern shifts observed between 

2023 and 2050—states like West Bengal, Madhya Pradesh and Rajasthan will move up the 

ranking, while states like Tamil Nadu and Telangana will have much smaller shares in 2050 

than in 2023.
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Figure 12 Uttar Pradesh accounts for 19 per cent of national CO
2
 emissions in 2050
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3.2 National-level results

Figure 13 shows the projected total energy demand from road transport by fuel type in 

the base case. The total energy demand doubles from 5.3 EJ in 2023 to 10.7 EJ by 2050. The 

demand for petrol peaks at 1.9 EJ in 2032 and then declines steadily. The demand for CNG 

and LNG rises marginally. Although the share of EVs in stock rises from 1 per cent in 2023 to 

74 per cent in 2050, the energy demand from electricity rises steadily to about 1.5 EJ by 2050, 

indicating the highly efficient nature of the EV powertrain. We project substantial growth 

in hydrogen demand only beyond 2040, when the TCO becomes more competitive. Diesel 

demand continues to hold the bulk of the total, rising from about 3.3 EJ in 2023, peaking at 

6.4 EJ by 2047 and then declining.

Figure 13 Diesel demand will peak by the year 2047
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Looking at energy demand by vehicle category (Figure 14), we can observe that the demand 

for HGVs will have the highest growth (53 per cent by 2050); this is also the category that 

predominantly uses diesel. Energy demand from 2W, 3W-P, 3W-G and LGV will see a decline 

due to the switch to more efficient EV powertrains. Energy demand from buses also continues 

to grow; the effect of e-bus procurement by city corporations is unknown as the registrations 

data do not differentiate between different types of buses. However, a majority of bus sales 

are contributed by inter-city buses, school buses, and staff buses—these consumers may not 

switch to EVs due to charging constraints and an uncompetitive TCO.
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Figure 14 HGVs contribute 53% to the total energy demand in 2050
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The share of different fuels in the total energy consumption (Figure 15) shows that the 

growth in EV share mainly affects the share of petrol; adoption of hydrogen in heavy duty 

vehicles starts affecting the share of diesel beyond 2040. 

Figure 15 EVs make up 74% of vehicle stock but contribute only 14% to energy demand in 2050 
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Our analysis and calculations indicate that the road transport sector emitted nearly 369 

million tonnes of CO₂ in 2023. For context, this is 13 per cent of the total national CO₂ 

emissions of around 2,800 Mt in 2023 (IEA 2024). The road transport emissions peak at 

over 685 Mt by 2045, before starting to decline gradually (Figure 16). Predictably, the HGV 

segment also has the largest share of CO₂ emissions throughout the projection period, 

accounting over half the road transport emissions in 2050. Buses and HGVs, for which the 

TCO of EVs is not as competitive (Elango, Mohan, et al. 2025), start switching away from 

diesel only in the 2040s. The 2W and 3W segments show the most reduction due to the high 

adoption of EVs.
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Figure 16 CO
2
 emissions from road transport will peak in the mid-2040s
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Petrol and diesel are heavily taxed commodities in India. The major tax components are 

the excise duty (collected by the central government) and the value-added tax (collected by 

state governments), which can account for nearly half of the retail selling price (Ministry of 

Petroleum and Natural Gas 2024). Therefore, transitioning away from petrol and diesel to 

other fuels that have much lower tax rates will impact the revenue generation for central and 

state governments, as shown in Figure 17. 

Due to rising diesel demand, tax revenues increase till 2045, beyond which they start 

declining. Note that despite petrol and electricity holding similar shares in energy demand by 

2050 (Figure 13), the contribution of tax revenue (by means of electricity duty) from electricity 

sale is much lower. To bridge the revenue gap, alternative models must be explored, such as 

distance-based taxation (Harikumar, Jain and Soman 2022).

Figure 17 Alternative fuel taxes fall short of offsetting losses from conventional fuel revenues
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Image: iStock

By 2050, EVs will make up 74% of all vehicles but 
contribute to only 14% of total energy demand 
due to low penetration levels in the heavy-duty 
segments.
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4. Insights and discussion

The increasing demand trends for petrol and diesel start diverging beyond the year 2030, as 

shown in Figure 18. Diesel demand continues to rise to a peak of 175 billion litres in 2046–

47, while petrol demand peaks at 57.1 billion litres by 2032. This diverging demand may pose 

challenges for refineries, as the product mix cannot be tweaked beyond certain limits. Each 

refinery is designed to process a certain grade of crude oil (density and sulphur content), 

which in turn can produce petrol and diesel within certain range by volume. Divergence in 

the proportion of petrol to diesel demand (with petrol demand in decline) will result in excess 

petrol, or naphtha that is a petrol precursor. Hence, refineries will have to be realigned to a 

new product mix.

The projected growth in diesel demand will require the existing domestic production capacity 

to increase substantially, as shown in Figure 19. However, once demand starts declining 

beyond 2047, the additional refinery capacity may become stranded, i.e., the economic life 

of these new refineries may not be reached. Without flattening diesel demand sooner or 

increasing reliance on diesel imports, the long-term outlook of refining in India remains 

unclear.

Figure 18 Petrol and diesel demand start diverging beyond 2030
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Figure 19 illustrates the projected trajectory of diesel demand in relation to domestic supply 

over the coming decades. In line with India’s target of achieving 300 Mtpa of refining capacity 

by 2028, we have modelled a linear increase in refining from current levels to 2028 (S&P 

Global 2025). Using this expanded capacity, we estimated the potential diesel production. 

Assuming no further additions to refining capacity beyond 300 Mtpa and maintaining current 

diesel export levels of approximately 28 Mtpa, our analysis reveals that domestic diesel 

demand is likely to exceed available supply by 2031. However, if export volumes are reduced 

and domestic demand is prioritised, this demand-supply crossover is deferred until 2037. 

Notably, diesel demand is projected to peak within a decade after this point. Such a shift 

poses a significant risk to refinery operations, as demand for diesel and petrol will decline, 

potentially impacting the economic viability of these refinery units.

Figure 19 Diesel demand will far exceed the available production capacity
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The Government of India has an ethanol-blending programme that mandates its mixing into 

petrol to reduce emissions and import dependency. As of 2023, petrol was blended with 10 

per cent ethanol by volume (Ministry of Petroleum and Natural Gas 2024). However, this is 

set to rise to 20 per cent by 2025–26 (Press Information Bureau 2024). Figure 20 shows the 

ethanol requirement as per our petrol demand projection, assuming a steady 20 per cent 

blending mandate beyond 2025–26. The steep rise in ethanol demand followed by the steady 

decline post 2030 poses challenges to the economic viability of ethanol production plants, 

unless alternate applications are found. One option could be the introduction of flex fuel 

vehicles by the end of the decade that use near 100 per cent ethanol as fuel.
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Figure 20 Ethanol demand declines with the decline in petrol consumption
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Figure 21 shows the projected growth in natural gas demand in the country till 2050. The 

transport sector consumed nearly 5.7 Mt of gas in 2023 out of a national total of 45 Mt 

(Ministry of Petroleum and Natural Gas 2024). The consumption in road transport could triple 

by 2050 according to our analysis, to nearly 17 Mt. In India, CNG remains more affordable 

than petrol and diesel, primarily due to the government’s gas allocation policy, which 

prioritises the supply of lower-cost domestic gas to price-sensitive sectors like transport. 

However, domestic gas production has not kept pace with rising gas demand (PPAC 2024), 

especially as output from older fields under the Administered Price Mechanism (APM) 

continues to decline. In the past year, APM gas supplies to city gas distributors have been cut 

by almost 50 per cent (Energyworld 2025). As a result, city gas distributors are increasingly 

compelled to procure gas through the marketing and pricing freedom mechanism or by 

blending with imported Regasified Liquefied Natural Gas (RLNG), both of which significantly 

raise the cost of supply (Ministry of Petroleum and Natural Gas 2025). To preserve the 

price advantage of CNG over conventional fuels, the government may be required to 

counterbalance the higher input costs by increasing taxes on petrol and diesel. This is 

especially concerning for the HGV segment, whose fallback option is diesel.
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Figure 21 HGV share of gas consumption rises to 49% in 2050 from just 9% in 2023

20502045204020352030202520202015

0

10

8

6

4

2

18

16

14

12

G
a
s 
c
o
n
su

m
p
ti
o
n
 (
M
tp
a
)

3W-G 3W-P LGV 4W Bus HGV MGV Taxi

Source: Authors’ analysis

Maharashtra is projected to remain the largest consumer of CNG, with demand reaching 

133 PJ by 2050—over double its 2023 level of 64 PJ. In addition, states like Assam, Andhra 

Pradesh, Himachal Pradesh, Jharkhand, Kerala, Tamil Nadu, and West Bengal emerge as 

key contributors, together accounting for 33 per cent of the national CNG demand by 2050. 

This rise is largely driven by expanding CNG infrastructure and cost competitiveness of CNG 

vehicles in these regions.

Conversely, Gujarat, Haryana, and Delhi witness a decline in CNG energy demand, primarily 

due to saturation in refuelling infrastructure—with limited addition of new stations, 

these states have maxed out their CNG utilisation potential. In case of LNG, the demand is 

geographically concentrated. Only a handful of states such as Gujarat, Kerala, Maharashtra, 

Odisha and Tamil Nadu drive most of the expansion. This is because the business-as-usual 

scenario assumes that only states with existing or planned LNG terminals can potentially 

switch to this fuel. Among them, Gujarat alone contributes 83 per cent to India’s LNG demand 

by 2050. 
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Figure 22 Maharashtra contributes 17% to the national CNG demand in 2050
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Based on our projected EV sales, Figure 23 shows the projected electricity demand in road 

transport till 2050. In 2023–24, India generated 1,734 TWh of electricity (NITI Aayog 2024), 

with road transport accounting for less than 1 per cent of total demand. However, our 

projections show that despite the high share of diesel in 2050 (Figure 13), the demand for 

electricity could rise to 420 TWh by 2050 (which is a quarter of India’s total consumption 

in 2024). This steady rise will have important implications for the power grid; the need for 

more renewable power for EV charging will require more distributed RE generation, or will 

require strengthening of grid capacity and balancing. In addition, a substantial portion 

of EV charging may happen overnight (especially for 2W, 3W and 4W), so round-the-clock 

renewable power must be made available using wind, solar, and battery storage to enable 

these vehicles to use clean electricity.
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Figure 23 By 2050, transport sector could consume 25% of today’s total electricity demand
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Among states, our analysis indicates that Uttar Pradesh and Maharashtra together contribute 

27 per cent to India’s total electricity demand by 2050. Gujarat, Telangana, and Rajasthan 

complete the top five. Together, the top five states account for 48 per cent of total electricity 

demand by 2050. This helps state-level authorities to plan for the electricity demand from the 

transport sector and strategically procure power from renewable resources.

Figure 24 Uttar Pradesh is projected to be the top state in terms of electricity demand
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For electric vehicles to see wider adoption, domestic manufacturing of batteries is necessary, 

to bring down the costs. Based on the projected EV stock and battery size assumptions, we 

calculated the annual battery manufacturing capacity needed to meet the demand (Figure 

25). Our analysis projects that India will require 110 GWh of annual battery manufacturing 

capacity by 2030, rising to 168 GWh by 2035. These estimates are broadly aligned with 

industry expectations, including S&P Global’s forecast of around 80 GWh by 2030 and 140 

GWh by 2035 (Das 2024, Murali 2024). This demand will double to over 241 GWh/year by 2040, 

reaching 364 GWh/year by 2050.

Figure 25 4W contributes nearly 45% of the annual new battery capacity additions
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Figure 26 shows the critical mineral resources (CMR) needed to produce the required capacity 

of batteries (assuming lithium-ion technology) commensurate with the projected EV demand. 

Globally, most of the critical minerals are mined and processed by Chinese entities (Vaid 

2024). India will need more than 8 Mtpa of CMR by 2050. It is imperative for India to secure 

vertical linkages in CMR mining and processing. The government must direct and support 

Indian OEMs and labs to investigate and develop advanced chemistry cell (ACC) batteries that 

rely more on domestically available minerals (such as sodium), and on solid-state batteries 

that offer longer range and life.
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Figure 26 The demand for critical mineral resources for EV battery production is projected to exceed 8 Mtpa 

by 2050
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Hydrogen demand will also increase steadily, driven by the HGV segment. Figure 27 shows 

that hydrogen demand will reach 6 Mtpa by 2050 and continue growing, despite over 70 per 

cent of HGV stock still using diesel (see Annexure for fuel-wise stock for each segment). Thus, 

there will be even more scope for hydrogen demand growth beyond 2050. Like electricity, 

hydrogen demand will also be distributed across the country (concentrated in urban centres 

and port districts). Therefore, the dilemma arises as to whether hydrogen production will be 

decentralised, or whether pipeline transmission and distribution will be required.

Figure 27 Hydrogen demand for transport is expected to touch 6 million tonnes per annum by 2050
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The Indian steel industry is highly reliant on coal, causing it to have a high emission intensity 

of 2.36 tonnes of CO₂ per tonne of crude steel (tCO₂/tcs), compared to the global average of 1.9 

tCO₂/tcs (Elango, Nitturu, et al. 2023). Steel recycling is an important measure in reducing the 

emissions from steelmaking; using scrap results in a much lower emission intensity of below 1 

tCO₂/tcs (Elango, Nitturu, et al. 2023). India aims to double the steel production capacity from 

154 Mtpa in 2021–22 to more than 300 Mtpa in the 2030s (Elango, Nitturu, et al. 2023). While the 

automotive industry is an important source of steel scrap—our analysis indicates that scrap 

availability from the automotive industry could increase to 7 Mtpa by 2030 and 15 Mtpa by 2050 

(Figure 28)—even with proper collection and processing of end-of-life vehicles to recover steel, 

it would only contribute to around 2 per cent of the steel production target in 2030.

Figure 28 75% of steel scrap is available from three vehicle segments (2W, 4W, and HGV)

20502045204020352030202520202015

0

10

5

15

S
te
e
l 
sc
ra
p
 (
in
 M

tp
a
)

2W 3W-G 3W-P LGV 4W Bus HGV MGV SUV Taxi

Source: Authors’ analysis



What Is Fuelling India’s Road Transport Sector? Projecting District-Level Energy Demand46

Image: iStock

The high EV (in light vehicles) and high LNG 
(in heavy vehicles) scenario leads to the lowest 
projected CO

2
 emissions.
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5. Scenario analysis

This section provides a detailed analysis of the five distinct scenarios explored in this 

study, along with their respective impacts.

• High fuel price: In this scenario, the crude oil price is assumed to be at USD 100/barrel 

(bbl), the natural gas import price is USD 14/ million British thermal units (mmBtu), and 

the domestic natural gas price is USD 9/mmBtu. We applied the 90th percentile of EV 

adoption rates (Figure 3) under the assumption that higher fuel prices would accelerate 

the adoption of alternative and cleaner fuels.

• Low fuel price: Here, the crude oil price is USD 65/bbl, the natural gas import price is 

USD 8/mmBtu, and the domestic natural gas price is USD 6.5/mmBtu. Inversely, we have 

applied the 10th percentile of EV adoption rates, assuming lower fuel prices will delay the 

transition to cleaner technologies.

• High EV: This scenario assumes the 90th percentile adoption rate for EVs, alongside a 25 

per cent increase in EV powertrain efficiency by 2040, aiming to reflect the technological 

advancements in this powertrain.

• High LNG: In this scenario, LNG availability is expanded to 18 states, rather than being 

confined to districts with existing LNG terminals, as in the BAU scenario, aiming to assess 

the impact of widespread availability of liquefied natural gas.

• High EV and LNG: This scenario combines the high EV and high LNG scenario, 

evaluating the synergies and potential outcomes of higher adoption of both.

Figure 29 depicts the projected energy demand across the five scenarios over time. In the 

low fuel price scenario, India’s energy demand reaches the highest level—11.5 EJ by 2050—as 

lower crude oil prices keep the retail costs of petrol and diesel relatively affordable. This cost 

advantage maintains the competitiveness of ICE vehicles in terms of TCO, thereby slowing the 

shift toward alternative fuels. Conversely, under a high crude price scenario, energy demand 

in 2050 is projected to be 9 per cent lower than in the BAU scenario. Higher retail prices for 

conventional fuels make alternative fuels more cost-effective earlier, thereby accelerating the 

transition.

The high LNG scenario shows a slight lower energy demand of 11.1 EJ in 2050, indicating that 

while LNG adoption increases, it doesn’t drastically change the energy demand profile. The 

high EV and LNG scenario (9.2 EJ) and high EV scenario (8.7 EJ) exhibit the lowest energy 

demand, representing increases of 73 per cent and 63 per cent, respectively, over 2023 levels. 

Lower demand in these scenarios is primarily due to the higher adoption of energy efficient 

EVs, which consume significantly less energy per kilometre than internal combustion engine 

(ICE) vehicles.
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Figure 29 In a high EV adoption scenario, energy demand in 2050 is 18% lower compared to the Business-as-

Usual (BAU) scenario
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In 2023, the energy demand from the transport sector is predominantly met by fossil fuels, 

with diesel holding a major share at 63 per cent, petrol at 31 per cent, and CNG at 6 per cent. 

This forms the baseline against which the future scenarios are assessed.

Figure 30 presents the share of various fuels meeting energy demand under the five scenarios 

for 2050, reflecting the impact of technology, cost, and infrastructure limitations. Energy 

demand from incumbent fuels remains high—diesel at 7.37 EJ, petrol at 1.77 EJ, and CNG at 

0.78 EJ—as lower costs attract more customers to traditional ICE engines. Conversely, in the 

high EV and LNG scenario, the demand for incumbent fuels drops significantly—diesel to 3.6 

EJ, petrol to 0.31 EJ, and CNG to 0.6 EJ—underscoring the uptake of EV and LNG.

Notably, electricity demand peaks in the high fuel price scenario, surpassing even the high 

EV and high EV and LNG scenarios. The latter two scenarios have lower electricity demand 

due to the powertrain efficiency improvements considered, which significantly reduce the 

energy required per kilometre travelled. Hydrogen demand is highest in the high fuel price 

scenario (1.24 EJ), followed closely by the high EV scenario (0.72 EJ) and the BAU scenario 

(0.67 EJ), while it is lowest in the low fuel price scenario (0.15 EJ). 
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Figure 30 Low fuel price scenario has the highest share of energy demand met by fossil fuels in 2050
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Diesel remains the most energy-intensive and emission-heavy fuel, accounting for nearly 59 

per cent of the road transport energy demand in the BAU scenario by 2050 (Figure 13). Even 

in alternative scenarios, diesel’s share is substantial, with the lowest being 39 per cent in the 

high EV and LNG scenario. Therefore, it is imperative that we reduce diesel consumption to 

lower the overall energy demand, and in turn, emissions from the transport sector.

Figure 31 depicts the diesel consumption across scenarios over time. We estimate the low 

fuel price scenario to have the highest diesel consumption in 2050, at 202 billion litres. 

This is attributed to the reduced economic competitiveness of EVs when diesel prices are 

lower than in the BAU scenario. Given the cost-sensitive nature of the Indian automotive 

market, especially in commercial vehicle segments like MGVs and HGVs, where diesel is 

predominantly used, the incentive to transition to alternative fuels diminishes under these 

conditions.

Our analysis indicates that diesel consumption peaks in 2047, 2044, 2043, 2048, and 2036 for 

the BAU, high fuel price, high EV, high LNG, and high EV and LNG scenarios, respectively. 

Notably, the low fuel price scenario does not reach a peak within the assessment period 

ending in 2050. While all scenarios witness an increase in diesel consumption, the extent 

of this increase varies significantly among scenarios. The smallest difference between 2023 

diesel consumption and the peak year occurs in the high EV and LNG scenario, with only a 

21 per cent increase. In comparison, the increases are 90 per cent in the BAU scenario, 55 per 

cent in high EV, 57 per cent in high fuel price, and 46 per cent in high LNG.

By incorporating LNG to power just 22 per cent of bus and HGV stock by 2036 in the high EV 

and LNG scenario, diesel consumption can be driven to its peak and subsequently reduced. 

This underscores the need for targeted polices that focus on expanding LNG infrastructure 

and foster collaboration among OEMs, government stakeholders, and LNG infrastructure 

providers to effectively curb diesel consumption.
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Figure 31 In the high EV and LNG adoption scenario, diesel consumption remains close to 2023 levels by 2050.
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Our analysis indicates that the low fuel price scenario is projected to emit the highest CO2 

emissions of nearly 755 million tonnes in 2050. The BAU and high LNG scenarios exhibit 

nearly identical emission profiles, primarily due to the relatively small difference in per-

kilometre CO2 emissions between diesel and LNG trucks. While LNG trucks do offer a 12 per 

cent reduction in CO2 per km, the magnitude of shift from diesel to LNG are not substantial 

to reduce aggregate emissions. In other words, each LNG truck replaces a diesel truck, but 

only marginally improves emissions per km—so the net impact on total CO2 emissions is 

modest. It also indicates that adoption of an alternative fuel like LNG without aggressive 

electrification may not yield significant emission reductions on its own.

The most promising outcome emerges under the high EV and high EV and LNG scenarios, 

where emissions fall to around 499 million tonnes of CO2 by 2050. This represents a 23 per cent 

reduction compared to the BAU and a 34 per cent reduction compared to the low fuel price 

scenario. Over the period from 2023 to 2050, the high EV and LNG scenario is expected to emit 

14.3 billion tonnes of CO2, a reduction of 1.8 billion tonnes from the BAU scenario (16.15 billion 

tonnes) and 2.8 billion tonnes from the low fuel price scenario (17.16 billion tonnes).
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Figure 32 CO
2
 emissions peak much earlier, by 2041, in both the high EV and the high EV plus LNG scenarios
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Image: iStock

Buses and trucks will consume over eight billion 
cubic metres of natural gas in 2050 even in the 
business-as-usual scenario.
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6. Recommendations

As India’s economy continues to grow and societal aspirations rise accordingly, the 

country stands at a pivotal moment in the decarbonisation of its transport sector. 

Based on our analysis, we urge policymakers, planners, OEMs, fuel suppliers, and technology 

providers to consider the following actions: 

• Need for EV and LNG transition to manage diesel demand: Our analysis shows that 

diesel demand will continue rising till the mid-2040s in the BAU baseline scenario, 

while petrol demand peaks by 2030. Thus, building and operating additional refinery 

capacity will be challenging without viable long-term economics. A combination of gas 

and electricity will be required to hasten and dampen diesel demand, and to reduce 

emissions (which is primarily in the bus and heavy duty truck segments), as shown in the 

high EV and LNG scenario. Policy and infrastructure development need to focus on LNG 

refuelling stations and high-capacity EV charging stations for trucks and buses along 

high-traffic corridors, along with domestic R&D investments for vertically integrated 

battery manufacturing, to reduce costs. In the longer term, hydrogen-fuelled trucks and 

buses could support further decarbonisation in the heavy duty, long-distance segments if 

the relative TCO is cheaper compared to EV alternatives.

• Alternative revenue models needed to manage fuel tax revenue losses: State 

governments earn significant revenues from the sale of petrol and diesel, which are still 

under the value-added tax regime where the tax rates are set by states. Our analysis shows 

that, even in the baseline scenario, tax revenues will start declining in the 2040s. If the 

transition from diesel occurs earlier, then the revenues will peak and decline even earlier. 

At the prevailing electricity duty rates, the increase in electricity sales will be insufficient 

to bridge the revenue gap. States must instead look towards changing the revenue model 

through options such as distance-based taxation (Harikumar, Jain and Soman 2022).

• EV fast-charging infrastructure along freight and bus corridors: According to our 

analysis, India needs to build over a million medium and fast chargers to reach just 15 per 

cent of the total energy demand in 2050 (as per our baseline scenario). An accurate, up-

to-date survey and mapping of goods vehicles and bus corridors is required to understand 

how this charging infrastructure can be strategically deployed such that key corridors are 

prioritised. This will allow for MGVs, HGVs and buses travelling over longer distances to 

switch to EVs without charging infrastructure constraints.
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• Lower EV-charging tariffs needed for HGV transition: The cost of fast charging 

in 2024, depending on the state and service provider, can be as high as INR 20/kWh. 

According to our calculations, the average fast-charger tariff in the country is likely 

around INR 12/kWh. These high costs are partly due to the electricity tariff for charging 

stations set by different states, which are at par with commercial tariff rates. Some states 

like Goa and Delhi have set much lower tariffs, allowing charging costs of below INR 10/

kWh. Such lower tariffs can make the EV transition viable for the heavy duty segments, 

whose TCO does not otherwise compare favourably with incumbent options like diesel.

• Data generation on parking to understand scope for EV sales growth: In India, 

the share of vehicles that can be parked in private parking spaces is not known. Data 

generation on private parking, parking in common facilities (such as multi-level parking, 

underground garages etc.) and on-street parking could be critical in understanding the 

scope for transitioning to EVs. Consumers with access to private parking facilities may be 

more likely to adopt EVs as they can install their own (slow) chargers that are cheaper and 

conveniently charge overnight, without being limited by the availability and capacity of 

a common charging facility that is more expensive to utilise. State governments can work 

with local administrations to create a database on parking characteristics at least in major 

cities in every state.

• Slow-charging infrastructure in public parking spaces will support EV transition: 

Slow chargers in designated public parking areas can support EV adoption among 

users without private parking. While most charging typically occurs at home, overnight 

charging in residential areas may not be desirable, as it adds load during hours with no 

solar generation (CSTEP 2024). Slow charging will be substantially cheaper than fast 

charging; the former can be charged at par with residential tariffs (INR 4–6/kWh), while 

latter costs over INR 10/kWh. Such a scheme may be trialled in commercial and industrial 

areas that have private parking for employees and workers to enable daytime charging of 

EVs. Overnight charging in residential areas may not be desirable, as the charging load 

will occur at a time when there is no electricity generation from solar resources. 
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Acronyms

TFFM transportation fuel forecasting model 

VSM vehicle stock model 

FCM fuel choice model 

CNG compressed natural gas 

LNG liquefied natural gas 

EV electric vehicle 

ICE internal combustion engine 

FCEV fuel cell electric vehicle 

SUV sports utility vehicle 

LGV light goods vehicle 

MGV medium goods vehicle 

HGV heavy goods vehicle 

Mtpa million tonnes per annum 

NGHM National Green Hydrogen Mission 

OEM original equipment manufacturer 

MDV medium duty vehicle 

APM administered price mechanism 

HDV heavy duty vehicle

USD United States Dollar

CGD city gas distribution

NHEV National Highways For Electric Vehicles

FAME  Faster Adoption And Manufacturing Of Hybrid 

& Electric Vehicles In India

R&D research and development

GDP gross domestic product

PNGRB Petroleum And Natural Gas Regulatory Board

MoPNG Ministry Of Petroleum And Natural Gas

PPAC Petroleum Planning And Analysis Cell

RTI right to information

RITES Rail India Technical And Economic Service

OSM OpenStreetMap

BEE Bureau Of Energy Efficiency

CMR critical mineral resources

ACC advanced chemistry cell

O-D Origin-Destination
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