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The strategy for decarbonizing the on-road transport 
sector through electrification of the sector using battery 
electric vehicles (BEV) appears to be the preferred 
choice for most developed nations and, increasingly, 
for developing nations. However, this strategy implies 
the existence of a robust and increasingly low-carbon-
intensity electric grid that can be effectively carbon 
neutral by mid-century. Decarbonizing the electric 
grid by 2050 may be difficult to achieve even in some 
OECD (Organization for Economic Cooperation and 
Development) nations. Developing nations with less 
robust, less reliable and more coal dependent grids may 
not see much benefit from electrification of the transport 
sector as this involves replacing gasoline or natural gas 
with high carbon intensity electricity at least in the near 
term (to 2035) and potentially even the mid-term  
(2035-2050). Of course, carbon emissions are not the 
only issue - electrification of transport needs to be 
considered for its effects in many other dimensions, 
including impact on health-related tailpipe emissions 
and air pollution, vehicle cost, stress on the existing 
and planned grid, and the availability of lower cost 
alternatives (at least to 2035) to achieve the desired 
decarbonization target. These concerns have been 
voiced by many but support for the BEV solution has 
resulted in insufficient attention being paid to alternative 
or supplemental strategies to ensure a declining carbon 
path through the short term.

India is an example where the BEV pathway has been 
accepted as the primary strategy and these vehicles are 
being subsidized by the Indian government since 2015. 
However, the electric grid is currently highly dependent 
on coal and also faces considerable challenges in 
simultaneously decarbonizing and keeping up with 
very high demand growth. The Indian government has 
rapidly expanded the role of renewables in electricity 
generation over the last 5 years and plans to have 50% 
of generating capacity by renewables in 2030, but the 
accelerating demand growth for electricity has resulted 
in little reduction in coal’s share of electric generation 
to 2022. Given the current global economic and political 
situation, it is likely that coal could continue to have a 
very significant role in electricity generation to 2035.

A key objective of this study is to explore and identify the 
most impactful commercial and technology strategies 
that can be taken within India’s transportation sector 
to reduce the sector’s emissions in the near term, while 
positioning it along a pathway to full decarbonization 
by mid-century, with consideration of the multiple 
dimensions to be considered for any specific pathway.  
In this context, the first step is a strategic evaluation of 
electric vehicles as an optimal strategy, while the second 
is to define other strategies in segments where the 
electric strategy is ineffective in the 2022-2035 term

Introduction
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The Indian vehicle fleet is unlike that of the fleet in most 
OECD nations with a range of vehicle types and uses. 
The on-road transport sector is composed of a number of 
segments which have different requirements, costs and 
constraints for decarbonization. The segments are:

 ■ Two wheelers (2W), which are used largely for personal 
urban or short distance transport and is the largest sector 
in terms of vehicle numbers in India.

 ■ Three wheelers (3W), which are used for taxi services 
and for last-mile delivery of consumer goods in congested 
urban areas.

 ■ Four-wheel light duty passenger cars and sport utility 
vehicles (LDV) used largely for personal transport and taxi 
services for both urban and medium distance travel.

 ■ Four-wheel light commercial trucks (LCV) used for urban 
pickup and delivery of goods and short- to medium-haul 
light goods transport.

 ■ Six+ wheel medium and heavy trucks (M/HDT) used to 
transport heavy goods for medium to long distances.

 ■ Urban and intercity buses derived from heavy truck 
chassis for passenger transport.

Indian vehicle sales peaked in 2018-19 (prior to the 
pandemic).1 Markets have recovered last year after a 
steep plunge in 2020-21 as shown in Table 1 but were  
still about 36 to 38% below the peak for 2W and 3W, 
29% for commercial trucks and 9% below the peak for 
passenger cars. By 2025, sales could potentially increase 
to 4 million LDV and 24 million 2W, but only modest 
growth from the peak is expected for commercial  
trucks and three wheelers.

The Indian Federation of Auto Dealers Associations 
(FADA) publishes detailed data on sales for each  
vehicle class by manufacturer and in some cases by  
type of motive power on a quarterly and annual basis. 
(The data are based on vehicle registrations and there 
are a few non-reporting states). In 2021-22, the majority 
of two wheelers are gasoline powered with a very small 
percentage (<2%) powered by diesel or CNG. Passenger 
cars have seen a large shift from diesel to gasoline, with 
diesel share falling from a high of about 60% in 2012-13 
to 17% in 2020-21, while CNG market share was about 
6% and hybrid and electric market share was about 
0.75%. Diesel dominates the light and heavy commercial 
truck segments with about 95% market share.  

S E C T I O N  1

Composition of Indian New Vehicle Fleet



5CATF – Transport Sector GHG Reduction for India

The three-wheeler market is less well understood due to 
aftermarket conversion of gasoline vehicles to CNG, but 
available estimates for new sales place diesel market in  
FY 2018-19 at 57%, with gasoline and CNG at about 22% 
each, with sales shifting to electric models in 2022.

Electric vehicles have had very limited share until 2021-22, 
when sales increased by a factor of 3, albeit from a low 
base.2 This change can be attributed partly due to the 
emergence of attractive new EV products as well as an 
increase in subsidies for two wheelers. The largest sales 
changes were in the two- and three-wheeler markets. 
Market share in two-wheelers jumped to 1.77% and 
has increased to about 3% in the first half of 2022-23, 
possibly due to the 35% increase in gasoline prices as 
well as increased subsidies (see below). The EV market 
share in three wheelers appears to be in the 50% range 
in 2022 but sales estimates appear inconsistent between 
sources. EV LDV sales, while increasing rapidly, was still 
less than 0.75% of the market in 2021-22, while only 2200 
light and heavy truck EVs were sold in the same period. 
These numbers reflect the significant differences in EV 
attractiveness in the different market segments.

The EV market has been encouraged by government 
subsidies called FAME (or Faster Adoption and 
Manufacturing of Hybrid and Electric vehicles).  
The FAME program was launched in 2015 with the first 
phase ending in 2019. A second phase launched in 2019 
was supposed to end in 2022 but has been extended 
to 2024. The FAME subsidies include funding for 

recharging stations and electric buses, but are focused 
on electric two-wheelers, with subsidies restricted 
for 3 and 4 wheelers. The subsidy was increased from 
Rs.10,000/kWh of battery energy to Rs. 15,000/kWh 
in 2021 for 2 and 3 wheelers, but recent statements by 
the Government show only 5% of the allocated funding 
under FAME for vehicle subsidies was used until June 
2021.3 Most states also subsidize electricity for vehicle 
charging to about half the standard rate.

A unique aspect of the Indian market is that the auto-
industry has very low costs, and the average selling price 
for a four-wheel passenger vehicle is under $11,000 in 
2021,4 about one-fourth the average price in the U.S. and 
one-third the German price in the same year. Of course, 
cars and SUVs are smaller in India, but even comparing 
nearly identical vehicles, Indian models are about 35% to 
40% cheaper than those in the U.S. and EU. 

Electric vehicle costs are dominated by battery costs 
which are priced at international levels (plus customs 
duty) in India so that the relative competitiveness of 
the EV is greatly degraded. In addition, battery costs 
have risen from about $150/kWh in 2020-21 to about 
$160 in 2022 due to the recent surge in input material 
costs and could continue to rise until 2026 according 
to press reports. Thus, earlier forecasts of continuously 
decreasing battery costs do not apply in the near term 
and raw material costs could potentially affect longer 
term battery price forecasts, as well as forecasts of price 
parity between conventional and electric vehicles.

Table 1: Vehicle Sales in India in Thousands of Units
Source: SIAM website x/3W

Fiscal Year 2018-19 2020-21 2021-22 1Q 2022-23

Two-Wheelers (2W) 21,180.0 15,120.8 13,466.4 3,724.5

Three-Wheelers (3W) 701.0 ~330* ~435* 160.0*a

Cars and SUVs (LDV) 3,377.4 2,711.5 3.069.5 910.4

Commercial Trucks 1,007.3 568.6 716.4 224.5

a SIAM data appears to be excluding many small electric 3W manufacturers’ sales. Data for 3W is from FADA adjusted for exclusion of some 
non-reporting states.



6CATF – Transport Sector GHG Reduction for India

The electric grid’s carbon intensity is a key concern for 
any EV based transport strategy. India has been very 
active in the addition of solar and wind power to the grid 
but coal still remains as the largest source (72.4%) for 
electric power plants as of 2022. Due to the significant 
pandemic related disruptions in 2020 and 2021, data 
from earlier years have been considered as baseline.  
A detailed analysis by researchers from Aramco and IIT 
Kanpur5 estimated the grid’s carbon intensity for India’s 
fiscal year April 2018 to March 2019. They derived this 
using the official fuel mix and power generation data 
from India’s Central Electric Authority (CEA), which 
provided data for India broken down into five regions: 
northern, western, southern, eastern, and north-eastern, 
and hourly fluctuations for a typical day in winter and 
summer. India-average electricity transmissions and 
distribution (T&D) losses were obtained from other 
sources and applied to all the regions. The study 
estimated average electricity carbon intensity of 927  
g/kWh pf CO2 for the base year. While the study was 
for life-cycle emissions rather than WTW emissions, the 
difference between the two is quite small for electric 
power generation, on the order of 10 g/kWh

The CEA annually updates the database with the data on 
CO2 emissions for all grid-connected power stations in 
India. The authority uses the United Nations Framework 
Convention on Climate Change (UNFCCC) approved 
methodologies (like the ACM0002) to quantify the 
baseline emissions for the Indian grid. The calculations 
are based on generation, fuel consumption, and fuel 
quality data obtained from the power stations. Cross-
border electricity transfers are also taken into account. 
The CEA reports the emissions factors based on four 
Clean Development Mechanism (CDM) methodologies 
– weighted average, simple operating margin, build 
margin, and combined margin. Weighted margin is the 
average CO2 emitted by a unit of electricity generated 
in the grid. The generating sources considered here are 
thermal, hydro and nuclear power stations. The simple 
operating margin is the weighted average emission 
factor of all thermal power stations. Build margin is the 
average CO2 intensity of power stations built in the last 
five years. Combined margin is the weighted average 
of the simple operating margin and the build margin, 
usually weighted equally. 

S E C T I O N  2

The Indian Electric Grid
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According to these calculations, the emission factors  
(in tCO2/MWh) estimated by the CEA for the year 2018-
2019 are as above.

For the purpose of assessing the impact of the grid 
emission factor on the electric vehicle related emissions, 
the weighted average is more suitable as it considers 
net generation from both thermal and non-thermal 
sources. However, this is value is not inclusive of the net 
generation from renewable energy sources like solar and 
wind. These sources contribute to about 28.6% of India’s 
power generation capacity. Hence, the average emission 
factor from the total generation including renewable 
sources has been estimated by the CEA, in the Report 
on Optimal Generation Capacity Mix for 2029-30, as 
0.705 tCO2/MWh for the year 2017-18. The CEA emission 
factors also do not include transmission and distribution 
loss which is very high in India. In October 2020, the CEA 
reported that T&D loss for FY 2018-19 was estimated at 
20.66%, but this loss has been decreasing for a decade. 
Hence, the grid intensity at the plug for 2017-18 was 
about 0.9 tCO2/MWh, similar to the finding of the 
Aramco paper.

Future fuels and electricity generations were based on 
CEA’s projection of the optimal mix in 2029/30. The CEA 
also assessed the optimal generation mix for meeting 
India’s electricity demand in 2029/30 considering 
feasible technology options, fuel availability, capital 
and operational costs, climate change commitments, 
and various constraints, including the intermittency of 
renewables. This is expected to reduce to 511 g/kWh by 
the year 2029-30 according to CEA, at the plant gate. 
IF T&D loss decreases to about 18% in 2029-30, the 
intensity would be 623 g/kWh at the plug. According to 
the Aramco paper cited above, India’s overall electricity 
consumption is projected to grow by 82% to 2518 TWh 
during the period. The CEA expects coal power plants 
to supply 54% of the total electricity needs, down from 
74% a decade earlier. By 2029/30, solar and wind power 
installed capacities are expected to increase to 51% of 

the total installed capacity from less than 20% in 2018, 
and it is expected to be equipped with 27GW of battery 
energy storage. The average capacity utilization factors 
are projected to increase to 25% for wind and 22% for 
solar but the study estimates renewables will supply 
only 31% of India’s overall electricity generation mix in 
2029/30. The average electricity mix in India resulted in 
carbon intensity of 676 g/kWh for 2029/2030, which is 
higher than the CEA estimate.

It should be noted that this may be a very optimistic 
view. In April 2022, a heatwave caused massive grid 
breakdowns in India even though electric supply 
increased 11% relative to 2021. With the South Asian 
heatwave and temperatures elevated through the 
summer of 2022, low coal stockpiles remain a worry 
for utilities and the government. The Government has 
already unveiled steps to alleviate the power crunch, 
including cancelling passenger train services to free 
up tracks for the movement of coal and invoking an 
emergency law to restart generation at idled import-
dependent coal power plants.6 Hence, the fraction of 
coal-based electric generation could actually increase  
in the short term. Renewable sources also place demand 
on the grid that could lead to larger T&D loss. Retail 
electric prices for households are now in the Rs. 10 to 12 
range and could go higher.

A study by the ICCT staff working with IIT Kanpur staff7 
also utilized CEA data but came up with dramatically 
different results, showing a baseline 2020 value for 
carbon intensity of 613.5 g/kWh and a 2030 estimate 
of 399 g/kWh. These data show much lower carbon 
intensity for the base year as well as a larger percentage 
reduction to 2030 relative to the CEA estimates and to 
the Aramco- IIT Kanpur study. One possible explanation 
is that T&D losses were not accounted for. In addition, 
2020 was an unusual year due to the pandemic which 
reduced electricity demand. We have used the Aramco 
paper’s data to quantify EV impacts on carbon emissions.

Methodology 2018-19 2020-21

Weighted Average 0.82 0.79

Simple operating margin 0.96 0.95

Build margin 0.88 0.87

Combined margin 0.92 0.81
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Figure 1
(Source: BP Statustucak Review of World Energy, 2021)
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This analysis differs from many existing analyses of 
transportation decarbonization in India by recognition 
of the multiple dimensions that affect any particular 
strategic path over and above carbon reduction and 
cost which are important but incomplete consideration 
of effects. Another factor affecting any analysis is the 
poor and often incomplete state of data in India (and 
in most developing nations). For example, there is no 
official data even on the count of active vehicles in the 
fleet as there is no requirement to register a vehicle 
annually. Estimates from the Ministry of Road Transport8 
from sales data and anecdotal estimates of scrappage 
place the vehicle population at 225.1 million as of March 
2019 with the two-wheeler population estimated at 171.6 
million, passenger cars, SUVs and taxis at 41.5 million, 
and commercial vehicles at 12 million. (Statista estimates 
the total number of taxis at about 3.1 million). Tractors, 
trailers and three wheelers are groups into an “Other” 
category and no separate estimate is available for three 
wheelers but private studies suggest it may be around 
7 to 8 million. No estimate of the magnitude of errors 
associated with these estimates is available.

In addition, there is only limited data on vehicle use by 
vehicle type and analyses of the transport sector have 
largely utilized data from a 2013 survey conducted 
by IIT Delhi in three cities9 or anecdotal data from 
manufacturers. No systematic studies of on-road fuel 
consumption by vehicle type have been conducted 
in India and shortfall estimates between test fuel 
consumption and on-road consumption by studies of 
Indian transport emissions use data from the EU or the 
U.S. in spite of the fact that ambient conditions and 

traffic speeds are very different in India. Hence, existing 
estimates of transport related carbon emissions by 
vehicle type can only be considered as very approximate, 
and the same issues affect the data in this study. 
Life-cycle analysis of carbon emissions for vehicles 
conducted for India have tended to use international 
factors for manufacturing and scrappage emissions 
which are unlikely to be correct for India and even 
well-to-wheel analysis is difficult due to data limitations. 
Hence, we have used a qualitative approach to 
evaluating the numbers derived in this and other studies 
as the error bars can be large.

S E C T I O N  3

Analysis Methodology

The dimensions explicitly considered 
qualitatively in this paper include:

 ■ Impact on vehicle retail price 

 ■ Cost effectiveness to the end user in terms of 
payback period (<4 years is considered as cost 
effective10) from fuel cost savings

 ■ Fuel Consumption and Carbon emissions 
reductions over conventional vehicles of similar 
performance annually and over the vehicle’s life, 
well-to wheels (WTW) basis.

 ■ Total cost per ton of CO2 emissions reduced 
(WTW) in comparison to the global social cost 
of about $50/tonb

 ■ Impact on grid in terms of electricity demand 
and the requirement for charging infrastructure

 ■ Impact on regional air pollution and traffic

b The $50/ton estimate is cited by the Biden Administration as a “central” estimate; estimates vary widely depending on year of calculation, 
and discount rate applied to future damages.
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Two-wheeler sales peaked at 21.18 million in FY 2018-
19 and sales fell by almost half in the 2021-22 fiscal 
year. The market consists mostly of small scooters 
and motorcycles with engines in the 85 to 125 cc 
displacement range (with power ratings of 5 to 7kW 
and top speeds of about 85 to 90 km/h) which account 
for about 90% of sales. The market for small mopeds 
with smaller engines (<85 cc) has almost disappeared, 
but the market for larger, more powerful motorcycles 
(engines over 150 cc) is growing but still small at about 
5% of sales. The majority of such vehicles are used for 
personal transport and the limited data suggest typical 
daily use is about 20 km and annual use is about 7000 
km. Available travel data suggests higher annual use in 
large metropolises, at about 35 km/day and 12,000 km/
year in a large city like Delhi. Most motorcycles in the 85 
to 125 cc class have retail prices ranging from Rs 65,000 
to 80,000 (US $800 to 1,000). Conventional two-wheeler 
sales are dominated by four manufacturers: Hero 
Motors, Honda, TVS and Bajaj.

Electric two-wheeler (2W) sales have been increasing 
rapidly over the last three years, according to data 
released by the Automobile Dealers Association from 
about 90,000 units in FY2019-20 and FY 20-21 to 178,000 
in FY21-22. It has jumped even more in the first quarter 

of FY22-23 to 131,000 units implying annual sales could 
exceed 500,000. Of course, total sales in FY 22-23 could 
be around 18 million so that this sales level implies a 
3% market share for electrics. The data are misleading 
as the types of electric two wheelers sold are quite 
different from ICE powered 2W. A large fraction of the 
electric models are very low speed units. About 40% are 
models with a top speed of less than 25 km/h and are 
more akin to powered bicycles in performance. Another 
large fraction is composed of vehicles with 45 km/h 
top speed that is slightly inferior to i.c. engine powered 
mopeds that have had limited popularity. It is not clear if 
buyers of these vehicles are coming from those shopping 
for conventional engine powered vehicles or are being 
used as bicycle or public transit replacement. Most of 
the electric two-wheelers are not from the conventional 
big four manufacturers except for Hero, and small 
manufacturers such as Okinawa and Ampere are in 
second and third place behind Hero in electric 2W sales.

Only about a third of the electric models have 
performance levels similar to a model with a 100 cc 
engine, so that on an equal performance basis, electrics 
have only a 1% market share in the first quarter of 
FY22-23. Of course, all of the different electric models 
offer limited range of about 80 to 90 km for the ultra-

S E C T I O N  4
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low speed units to 140 to 160 km for the models that 
compete in performance with conventional motorcycles 
(as claimed by manufacturers). Given the typical low 
daily use and the limited use of two-wheelers in long 
distance transport, range is probably not a limiting factor. 
These two-wheelers receive a FAME subsidy equal to 
about $188/kWhc of battery energy. The electric bicycles 
typically have a 1.2 to 1.5 kWh battery, while those 
competing more directly with conventional two-wheelers 
have battery capacity around 3.5 to 4.5 kWh. Note that 
the subsidy for a motorcycle with a 4.5kWh battery is 
$844, comparable to the total cost of a conventional  
ICE motorcycle.  

The three-wheeler (3W) market has historically been 
dominated by Bajaj, with Mahindra and Piaggio the only 
other manufacturers with significant sales. Bajaj has 
a very large share of the passenger taxi market while 
Mahindra and Piaggio are more competitive in the cargo 
mini-truck market. The Bajaj RE three-wheeler is the best 
seller and is offered in gasoline, CNG, LPG and diesel 
versions with ratings of 7.8 kW for the gasoline model 
to 6.2 kW for the diesel model. Top speeds are around 
60 to 65 km/h. Average use is estimated at 125 km/day 
or about 44,000 km/year. As noted, the electric three-
wheeler market appears to be growing rapidly and a 
large number of small manufacturers making less than 
1000 units per month are selling three-wheelers that are 

very low speed units (< 25 km/h) which are referred to 
e-carts or e-rickshaws. These low-speed models sell  
well due to their low first cost and low operating cost.  
Many small manufacturers have used kits from China 
with lead-acid batteries, and these models have limited 
range and poor performance, but are now being 
upgraded to more modern technology. As a result, 
sales in FY 2021-22 are estimated at about 178,000 units 
while total sales of three wheelers may actually be over 
435,000 units implying over 40% electric share.

Data compiled by Rushlane.com from FADA press 
releases11 shows that electric three wheelers had a 
market share of about 40% to 45% in the first nine 
months of FY 21-22, but was a little over 50% in May 
2022 per Figure 2 below. A large fraction (~40%) of  
these sales are low speed e-carts and e-rickshaws  
made by small manufacturers such as YC Electric and 
Saera Electric. These manufacturers offer very basic 
models with a 2.5 kWh battery and a motor with less 
than 2 kW power and are capable of speeds of only 20 
km/h. They are priced very attractively at about $2250 
for the base model. (The Saera model with a lead acid 
battery sells for as low as $1650). Only Mahindra and 
Piaggio have recently entered the market with electric 
models that are more competitive with conventional 
models in performance, while Bajaj has announced an 
electric model for late-2022 introduction. 

Figure 2: Market Share of Electric Three Wheelers May 2021 to May 2022

c Converted at July 2022 rate of approximately Rs. 80 per US$
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Evaluating the EV strategy along the different dimensions 
to be considered, it is important to separate the low-
speed electric vehicles from those that are capable of 
near equivalent performance to conventional vehicles, as 
the low-speed models provide a different service closer 
to that of human powered bicycles or carts. The different 
valuation of the service provided is difficult to quantify 
objectively as are the effects on traffic and emissions, 
and a qualitative discussion is provided.

Impact on Vehicle Retail Price

Conventional motorcycles and scooters sell for $850 
to $1100 but the few electric models that offer similar 
performance (top speed of ~85 km/h) are priced much 
higher. The TVS iQube and Ather 450X retail for about 
$2100 and offer claimed maximum range of 145 km, 
while the Bajaj e-scooter retails for about $2000 with a 
maximum range of 95 km, with these prices including the 
FAME subsidy. Hence, the overall price is typically twice 
the price of an i.c. engine model. Low speed models like 
the Hero Optima and Okinawa Ridge are priced around 
$1000 and offer 80 km range with a top speed of about 
45 km/h. Even lower speed models like the Okinawa 
Lite are offered at around $800 with a range of 60 km 
and top speed of about 25 km/h. The low-speed models 
appear to be acceptable for many customers although it 
is unclear if the majority of these customers are distinct 
from customers of conventional models or are cross-
shopping the low speed and high speed models.

Conventional three-wheelers retail for $2400 for the 
base gasoline model to $3600 for a diesel model.  
As with two-wheelers, the low-speed electric models 
(<25 km/h top speed) retail for less than conventional 
three wheelers, with modern Li-Ion battery models 
starting at about $2200, while comparable performance 
models are priced at $3500 to $3800, approximately 
40% higher than a gasoline model. As an example, the 
Mahindra Treo is offered with two battery sizes of 3.7 
kWh and 7.4 kWh. The smaller battery model has a 2 
kW motor, is capable of only 25 km/h speed and has a 
typical driving range of 85 km, while the larger battery 
model has a 8kW motor, is capable of 55 km/h and has a 
driving range of 100 km, according to specifications on 
Mahindra’s website. The Treo is also offered as a cargo 
truck with the larger battery and motor only. The low-
speed model is priced competitively with conventional 
models at $2300 while the high-speed model is priced 
competitively with a diesel model at $3700 (both prices 
including FAME subsidy). 

Fuel Consumption and CO2 Emissions

Fuel Economy of two-wheeler models are available from 
a neutral source (ARAI) and the average fuel economy of 
a Class 1 two-wheeler with engine size under 125 cc in 
2020-21 was 66.6 km/L.12 The official fuel economy test 
results are usually higher than the actual on-road fuel 
economy. No systematic surveys of on-road economy are 
available but comparisons of official numbers to those 
reported by consumer magazines suggest a shortfall of 
about 15% so we estimate average on-road economy 
at 56 to 57 km/L. No official results are available for 
three wheelers or electric vehicles. On road economy 
of electric two-wheelers can be estimated from range 
and battery size. Assuming that the claimed range 
is overstated by 15%, the estimated efficiency of a 
comparable performance electric two-wheeler is 30 to 
33 km/kWh which translates to 28 to 31 gCO2/km.  
The conventional engine powered two-wheeler has 
a CO2 emissions level of 36 to 38 g/km. In addition, 
gasoline has an upstream (well-to-tank) emission 
level of about 600 gCO2/L which adds 10g/km to 
conventional vehicle emissions. Hence an electric 
motorcycle of comparable performance has 36% lower 
WTW emissions. The low performance EV mopeds have 
lower electric consumption of about 60 km/kWh which 
translates to a CO2 emissions of 15 to 16 g/km which is 
68% lower than conventional motorcycles, although this 
may be misleading due to different performance.

ICE powered three-wheelers are estimated by CATF 
to have an efficiency of 31 to 32 km/l based on data 
tabulated by Bajaj, the largest manufacturer, which 
implies a CO2 emissions of 70 to 72 g/km tailpipe 
emissions or about 90 to 92 g/km on a WTW basis. 
In contrast, electric three wheelers with similar 
performance have an on-road efficiency of 15 to 16 km/
kWh which translates to 58 to 62 g/km, which is 33% 
lower than the conventional model (the diesel model’s 
tailpipe CO2 emissions are only slightly lower, at ~68 g/
km, than the gasoline model due to the higher carbon 
content of diesel offsetting some of the improved fuel 
efficiency). The low-speed models have an efficiency of 
about 19 to 20 km/kWh, which translates to 47 to 48 g/
km CO2 that is 48% lower than the conventional model.

Cost-Effectiveness to the Consumer

The typical two-wheeler used for 7000 km/year uses 
about 120 to 125 liters of gasoline per year at a total cost 
of Rs. 12,000 to 12,500 per year (assuming gasoline cost 
of Rs.100/L). Electricity cost for the same usage rate at 
(subsidized) electricity cost of Rs. 6/kWh is Rs. 1275 to 



13CATF – Transport Sector GHG Reduction for India

1400 per year for a net cost saving of Rs. 10,700 to 11,100 
pe r year. The Rs 70,000 first cost differential is paid back 
in about 6.5 years (simple payback without discounting), 
but this is twice the required time for a market where 
electrics are competitive. Note that the Rs. 70,000 cost 
differential is after a government subsidy of over Rs. 
60,000 for a vehicle with a 4 to 4.5 kWh battery.

In contrast, the three-wheeler uses about 1450 liters per 
year of gasoline for a cost of Rs 145,500, while the cost of 
electricity is Rs. 16,500 to 17,500. The fuel cost savings of 
over Rs. 128,000 indicates payback time of less than one 
year, consistent with the fact that electric vehicle market 
share in this segment is exploding.

Cost effectiveness of low- speed two and three-wheel 
electric models is very good as they are at price parity 
with conventional models and have even larger  
operating cost savings, but provide substantially  
inferior performance whose (negative) value is difficult  
to monetize.

Subsidy Cost Per Ton of CO2 Reduction

Since the lifetime of most vehicles is in the 15 to 25 year 
range, the total lifetime fuel cost savings of electric 
vehicles greatly exceed the first cost increase, but 
steep consumer discount rates on future savings makes 
this difficult to realize. One possibility is to examine 
government subsidy costs per ton of CO2. The subsidy 
cost for a two-wheeler with a 4.5 kWh battery is ~$850. 
Over a lifetime of 20 years, the total travel is 140,000 km 
and electric vehicle advantage is 17 to 18 g/km leading 
to a net reduction of 2.5 tons over the lifetime. This 
implies a subsidy of $340 per ton, far higher than the 
typical control cost of CO2. For a three-wheeler, the 
EV CO2 benefit is only about 11 to 12 g/km but lifetime 
travel over 15 years is 660,000 km so that the lifetime 
emission reduction is ~7.5 to 8 tons. The subsidy cost of a 
three-wheeler with a 7kWh battery is $1300 resulting in a 
subsidy of $165 to 180 per ton, which is still high. It is also 
not clear if batteries will last the 660,000 km lifetime 
accumulation. Annual and lifetime travel by low-speed 
vehicles has not been examined but it may be about 
half that of their conventional counterparts according 
to anecdotal data. If this is the case, the lifetime savings 
of CO2 over a conventional vehicle is about 2.1 tons, 
while the subsidy for a low-speed vehicle with a 1.5 kWh 
battery is ~$280 so that the subsidy cost is about $134 
per ton CO2.

Impact on the Electric Grid

The small battery sizes allow most two and three-wheelers 
to be recharged from any wall plug rated at 15 to 20 amps 
with India’s 230V system, as the wall plug can provide up 
to 3 to 4 kW power at unity power factor. In reality, most 
two wheelers can be recharged to over 80% capacity in 
about 2 hours, while three-wheelers require about 3.5 
hours. The typical two-wheeler will require only about 250 
kWh per year (including charger loss) so that a population 
of 40 million electric two wheelers (very unlikely) by 2030 
would consume 10 TWh, less than 0.5% of total estimated 
demand in that year. The typical three-wheeler would 
consume about 3000 kWh per year and a population of 
10 million vehicles in 2030 (almost the entire population) 
would consume 30 TWh or about 1.2% of estimated 
electric consumption. These 2030 vehicle population 
estimates can only be realized by very high sales growth 
and appear unlikely. Hence, the impact on the grid is in 
2030 is likely to be minimal.

Impact on Air Pollution and Other Impacts

The impact on total air pollution, nationwide and local, 
is highly affected by coal based electric generation. 
The 2020 average pollution intensity for electricity was 
estimated by the ICCT at 190 mg/kWh for PM 3910 mg/
kWh for NOx emissions,13 which may be underestimates 
given their large underestimate of grid CO2 emissions 
This translates to 6 to 7 mg/km of PM emissions and 120 
to 130 mg/km for an electric two-wheeler. In contrast, 
post-2020 vehicles meeting BS VI emission standards 
are limited to 4.5 mg/km for PM and 60 mg/km for NOx, 
substantially better than the equivalent electric vehicle. 
While the conventional two-wheeler will have a larger 
impact on urban emissions, the new BS VI standards 
imply considerable reduction of impacts relative to 
those two-wheelers already on the road. The story for 
three-wheelers is similar and even less favorable for the 
EV as the equivalent NOx emissions are 245 to 260 mg/
km, while the conventional gasoline model is limited 
to 85 mg/km. Since the electric models are a one-for-
one replacement of conventional models in terms of 
performance, other impacts relate primarily to battery 
disposal and recycling when these vehicles are scrapped.

The low-speed electric two- and three-wheelers are 
more competitive in terms of urban emissions with 
conventional gasoline models, but this neglects their 
contribution to urban congestion. Having very low-
speed traffic commingled with higher speed traffic is 
known to depress overall traffic speeds. A study from 
researchers at IIT Dhanbad examining the effect of 
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low speed autorickshaws on traffic during a strike by 
autorickshaw drivers found that average speeds for 
motorcycles increased 42% while speeds for passenger 
cars increased 23%. Of course, the effect of low-speed 
vehicles depends on how congested the streets are, 
but the significant changes in speeds have significant 
effect on other vehicles’ fuel consumption and emissions 
that could negate any benefit from electrification. 
Moreover, it is uncertain if these low-speed vehicles are 
replacements for conventional motorcycles or for human 
powered vehicles and mass transit or replace some 
combination of all three.

Table 2 summarizes the findings qualitatively, with 
red shading indicating a strong negative effect, pink 
a modest negative impact and light green shading a 
modest positive impact, while dark green indicates strong 
positive impact. Based on this chart, it does not appear 
that electric two-wheelers are a good strategy for India 
at this point, while electric three-wheelers are a much 
better strategy albeit with relatively high subsidy cost per 
ton of CO2 reduction. The subsidy can be reduced with 
minimal effect on electric three-wheeler sales since the 
payback period is so short. Low speed vehicles must be 
approached with caution as their greater effect on traffic 
and fleet expansion from customers who are walking now 
or taking mass transit are major unknowns.

Table 2: Summary of EV Strategy Impact for Two and Three-Wheelers

BEV vs. ICEV (gasoline) 2-Wheeler 3-Wheeler Low Speed 2/3 W

Impact on Retail price ~2x ~1.5x 0.9 to 1.1x

Impact on WTW CO2 (2022) -34% to -38% -30% to -35% -60 to -70% (?)

Cost-Effectiveness to Consumer >7 years payback ~1 year payback ~zero cost

Subsidy Cost $/ton CO2 >$350/ton ~$175 to 190/ton ~ $140/ton

Impact on Electric Grid to 2030 Minimal Modest Minimal

Recharging Infrastructure Standard wall plug Standard wall plug Standard wall plug

Impact on Areawide Pollution Increased NOx/PM Increased NOx/PM Uncertain

Other Impacts Modest Modest Significant impact on traffic?

Color key: Dark green – strong positive impact; light green – modest positive impact; no shading – minor or no impact, pink – modest negative 
impact; red – strong negative impact
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Cars and SUVs are used primarily for personal transport 
and for use as taxis. As noted, about 8% of the 2019 
population was used as taxis. Limited data on travel 
shows personal four-wheeler annual use is about 
9000 to 10,000 km, and somewhat higher in large 
metros like Delhi at about 12,000 km. No survey-based 
information is available for annual use by taxis, but 
anecdotal information suggests it is around 50,000 
km/ year (or about 150 km/day). Total sales of four-
wheel light vehicles had been increasing rapidly until 
the pandemic but sales have rebounded in FY2022-23 
with totals expected to exceed 3.6 million in the fiscal 
year. Four manufacturers dominate car sales in India. 
Maruti-Suzuki, the largest manufacturer had about half 
the market until recently but is still over 40% of the 
market in FY22-23. Hyundai-Kia, Tata and Mahindra 
together account for over 40% of the market, and all four 
manufacturers accounting for about 85% of the market. 
Light vehicles are subject to fuel economy standards and 
the standards, which depend on weight, for this fiscal 
year are expected to be about 113 g/mi CO2, equivalent 
to about 21.4 km/l fuel economy.14 The actual average 
will be a somewhat higher due to some credits for 
technologies and electric vehicles so that reasonable 
estimate may be 116 g/mi. The standards have been 
attained mostly by refinement of conventional engine 

technology and there are very few mild and strong 
hybrids sold. Maruti offers a few micro-hybrid models 
with 12V start-stop systems and belt starter-alternator 
systems but no information on market share is available.

Most light vehicles are powered by gasoline with diesel 
share below 15% in FY22-23. Light vehicles sales mostly 
in the mini-compact and subcompact category with 
large and luxury vehicles accounting for only about 2% 
of the market. Electric vehicle market share has risen 
significantly in FY22-23 up from less than 0.75% to about 
1.0% in the first quarter of FY22-23. Tata Motors offers 
two models (the Nexon and Tigor) which account for 85% 
of all EV sales in India. In absolute terms, EV sales are still 
quite low, possibly reaching 38,000 units in FY22-23.

Impact on Vehicle Price

Given the limited number of EV models in India, the 
price impact estimate is based on comparison of popular 
models. The Nexon is a small SUV and the EV version 
offers a 30kWh battery with a claimed range of 310 
km. The Nexon conventional model (with an automatic 
transmission) costs about $11,500 while the EV costs 
about $19,000. The Tigor is a small car and the EV version 
offers a 26 kWh battery with a claimed range of 300 km. 
The Tigor conventional (automatic) model costs about 
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$9,000 while the EV version costs about $16,000.  
The MG ZS EV is a little larger than the Nexon and offers 
a 50kWh battery with a claimed range of 460 km.  
The ZS is not offered as a conventional model but the MG 
Astor which is similar in size retails for $16,500 (automatic 
transmission) while ZS model costs $31,250. Hence, the 
EV premium appears to be in the order of $300/kWh (or 
about Rs. 24,000/kWh) of battery size. Four wheelers 
are subsidized at $125/kWh and this implies even higher 
unsubsidized premiums. The Nexon gasoline model has 
characteristics close to the average Indian model and the 
30 kWh battery appears to be relatively popular, so the 
Nexon prices have been chosen as representative for this 
analysis. Diesel models cost about $800 to $1,200 more 
(depending on engine size) compared to gasoline models.

Fuel Consumption and CO2 Emissions 

The Nexon EV consumption derived from the range is 
about 10.2 km/kWh and the average fuel consumption  
for FY22-23 conventional light vehicles is about 20.6 km/L 
on the official test, but there is no systematic analysis of 
on-road fuel consumption and shortfall (the difference 
between on-road and test fuel economy) in India.  
Other analyses have adopted EU based or U.S. based 
estimates of shortfall, but ambient conditions, traffic 
speeds and vehicle performance levels are quite different 
in India relative to developed nations. In general, India 
does not have the cold ambient of Europe or the U.S. 
in winter, and the vehicles are relatively underpowered 
so that “aggressive driving” is less likely. These factors 
should reduce shortfall. On the other hand, traffic is 
more congested with lower speeds and air-conditioner 
use occurs for much longer periods (up to 10 months of 
the year) in most parts of India which should increase 
shortfall. Air conditioner use has a larger effect on EV fuel 
consumption as it is a larger fraction of energy used for 
traction than in a conventional vehicle. We have used an 
estimate of 25% shortfall in fuel consumption based on 
reports from car magazine tests to estimate fuel use.  
The on-road average fuel economy is then estimated at 
16.5 km/L for conventional light vehicles and about  
8.1 km/ kWh for electric light vehicles. As a comparison, 
the average consumption of an electric vehicle in China 
in 2019 was estimated at 7 km/L but Chinese vehicles are 
larger than the average Indian vehicle so the 8.1 km/kWh 
seems reasonable. In the case of taxis, the diesel engine 
is preferred and fuel economy is about 25% better than 
gasoline, so that it would be 25.8 km/L on the test or 
about 20.6 km/l on-road using the same 25% discount.

In terms of CO2 emissions, the average on-road estimate 
is 144 g/km for gasoline vehicles at the tailpipe and 
the upstream emissions are 36 g/km for a total of 180 
g/km while an EV has emissions of only 114.5 g/km. 
Diesel vehicles have tailpipe emissions of 129 g/km and 
upstream emissions of 31 g/km for a total of 160 g/km. 
The 36.5% reduction for an EV relative to a gasoline 
vehicle is similar to that observed for two and three 
wheelers, but it decreases to 28.5% relative to a diesel 
vehicle. Assuming a lifetime travel of 200,000 km (about 
20 years), the net emission benefit over a lifetime is 13.1 
tons CO2 for an EV. Taxis may have higher lifetime travel 
due to the high annual use; if it 500,000 km then the 
lifetime CO2 benefit is 26.2 tones, but it is not clear if 
batteries can function for this level of travel.

Cost-Effectiveness to the Consumer

Based on 10,000 km of annual use for passenger vehicles, 
the average fuel consumption for a conventional vehicle is 
606 liters at a cost of Rs.60,600. An equivalent EV would 
consume 1250 kWh at a cost of Rs 15,000 providing an 
annual fuel cost saving of Rs. 45,600. If the average EV 
has a 30 kWh battery which provides a range of 240 
km (reasonable in the Indian context), its incremental 
price will be Rs 720,000 and the resulting payback 
period is almost 16 years, which explains the current low 
penetration of EVs in light vehicles. In the diesel taxi case, 
assuming annual travel of 50,000 km, fuel costs are Rs. 
255,000 for a conventional vehicle and Rs. 75,000 for an 
EV, providing fuel cost savings of Rs.180,000. Even in this 
case, payback period for the Rs. 640,000 incremental 
vehicle price is 3.56 years, but this does not take into 
account the negative value of limited EV range in daily 
operations. However, the economic case is much better 
than the case for private vehicle.

Subsidy Cost per Ton of CO2 Reduction

At present, the FAME subsidy of $125/kWh of battery 
is coupled with state and local subsidies. The current 
subsidy for a vehicle with a 30 kWh battery is of Rs. 
300,000 ($3750) with state and local subsidies adding 
another $750, This translates to a cost of about $340 
per ton CO2 which is very high. Even subsiding an EV to 
reduce the first cost increment to a 3 year payback level 
to spark consumer interest results in very high costs of 
CO2 per ton. The taxi case may be more viable as the 
current cost per ton is $172 per ton. A subsidy of $2,500 
would bring the payback period to under 3 years and 
result in a CO2 subsidy of about $95 per ton, which is still 
relatively high. Hence, EV subsidies for this market are 
not an economically viable solution for the longer term.
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Impact on the Electric Grid

Due to the low penetration of EVs and the near-term lack 
of subsidies, it appears very unlikely that the population 
of four wheel passenger EVs will exceed 1 million units by 
2030. If each vehicle uses 1300 kWh per year (including 
charger loss) the net annual demand will be less than 
1.3 TWh in 2030. If the EV population were to rise to 10 
million units representing almost 20% of 2030 car and 
SUV population, demand would still be only 13 TWh 
which would be much smaller than the expected impact 
of three wheelers being completely converted to electric 
units. However, the expected charge time for a 30 kWh 
battery is on the order of 10 hours from a standard 
wall plug so that recharging infrastructure would be a 
major and difficult barrier to overcome in the near term. 
Superchargers capable of delivering up to 50 kW would 
also be required to enable longer distance non-urban 
travel, which may be necessary especially for taxis that 
have occasional trips of 200+ km.

Impact on Air Pollution and Other Impacts

As noted, the 2020 average pollution intensity for 
electricity was estimated at 190 mg/kWh for PM and 
3910 mg/kWh for NOx emissions. This translates to 23 
to 24 mg/km of PM emissions and 480 to 485 mg/km for 
an electric four-wheeler. In contrast, post-2020 vehicles 
meeting BS VI emission standards are limited to 4.5 mg/
km for PM and 80 mg/km for NOx, substantially better 
than the equivalent electric vehicle. Since the electric 
models are a one-for-one replacement of conventional 
models in terms of performance, other impacts relate 
primarily to battery (which are significantly larger than 
those for two or three wheelers) disposal and recycling 
when these vehicles are scrapped.

The qualitative evaluation summary in Table 3 shows that 
electric four wheelers have more negative dimensions 
than those for two and three wheelers although the 
CO2 reduction per vehicle is comparable in percentage 
terms. Even in the taxi case, cost effectiveness is not 
overwhelmingly positive and incentives will be required 
for EV penetration. Moreover, the significant increase 
in areawide NOx is from coal-based electricity relative 
to modern engine based tailpipe emissions shows that 
negative side effects from pollution may overwhelm any 
benefit from CO2 reduction.

Table 3: Summary of EV Strategy Impact on Four-wheel Light Vehicles

BEV vs. ICEV Gasoline Car/SUV Diesel Taxi

Impact on Retail Price ~$9000 (30 kWh) ~$8000 (30 kWh)

Impact on WTW CO2 (2022) -35% to 38% -27% to -30%

Cost-Effectiveness to Consumer >15 years payback ~3.5 years payback

Subsidy Cost $/ton CO2 if Price is Equalized ~$690/ton ~$140/ton

Impact on Electric Grid to 2030 Modest Modest

Fast Recharging Infrastructure Required Required

Impact on Areawide Pollution Increased NOx/PM Increased NOx/PM

Other Impacts Modest Modest

Color key: Dark green – strong positive impact; light green – modest positive impact; no shading – minor or no impact, pink – modest negative 
impact; red – strong negative impact
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Commercial vehicles span a wide range of weights from 
1.5 tons gross vehicle weight (GVW) to over 50 tons 
GVW. Typically, they are split into three classes – light 
(under 3.5 tons), medium (3.5 TO 12 tons) and heavy 
(over 12 tons). SIAM data on sales aggregates medium 
and heavy vehicles, and sales for FY 21-22 are given 
as 240.6 thousand medium and heavy trucks and 476 
thousand light trucks. Registrations data from FADA 
shows that about 18% of medium+ heavy total are 
medium duty trucks suggesting that about 41 thousand 
trucks fall into this category. Manufacturer annual 
reports provide sales data by category but their totals 
differ from SIAM data, possibly because they include 
defense related and other government related sales that 
may not be in the on-road totals.

Tata Motors is the largest seller in the medium and heavy 
segments of the commercial vehicle markets. Ashok 
Leyland has a strong second position in the medium and 
heavy markets, VE (Volvo Eicher) is in third and Daimler 
Benz in fourth. Isuzu sells a relatively small number of 
medium duty trucks. Most (>95%) medium and heavy 
trucks are diesel powered although some CNG powered 
medium and heavy trucks are now available. The segment 
includes two and three axle rigid trucks and 3 to 5 axle 
tractor trailers, as well as some specialized trucks for 
construction and mining with 5 to 6 axles.

The light commercial vehicle (LCV) segment has two 
major subsegments, the first consisting of small very 
low power (under 25 HP), low speed trucks with a GVW 
of under 2 tons, and a second with engines over 60 HP 
spanning the 1.5 ton to 3.5 ton GVW range. No data on 
the sales split between the two sub-segments is available 
but Tata and Mahindra are the largest sellers in the total 
LCV market, with Ashok Leyland and Maruti in third and 
fourth place. The low powered trucks like the Tata Ace 
and Mahindra Jeeto are claimed to be competing with 
three-wheel cargo vehicles, offering better performance 
and more stability compared to three wheelers at a very 
low price ($5,000 to $6,000) combined with high fuel 
economy. The second category of trucks have top speed 
of 80+ km/h and payload ranging from 700 to 1,600 kg.  
and include pickup trucks like the Tata Yodha and the 
Mahindra Bolero as well as small cab-chassis models 
like the Tata Intra, Ashok Leyland Dost and Maruti Super 
Carry. Most models offer a choice of diesel, gasoline 
and CNG engines but no industry wide data on the LCV 
powertrain mix is available. The Tata Motors Annual 
report for FY21-22 shows a powertrain mix of 62% diesel, 
20% gasoline and 18% CNG for their own LCV segment, 
which may be approximately representative for the 
segment as a whole. 
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Little data on truck annual use and fuel economy is 
available for India, and there are almost no electric truck 
models, although some electric buses are available.  
A recent study by CSTEP15 provides estimated of truck 
annual use by GVW category. A commercial website 
(trucks.cardekho.com) provides manufacturer-based 
estimates for many truck models that may be reasonable 
approximations of truck on-road fuel economy. The data 
on fuel consumption showed consistent trends across 
a wide range of GVW classes as illustrated in Figure 3. 
Comparisons with fuel economy estimates in the U.S. 

and EU suggest these estimates are optimistic and we 
have increased the consumption shown by the trend 
line by 20% to bring them more in line with international 
data, as well as estimates by CSTEP.

The data on truck annual use and fuel consumption by 
GVW for the various truck segments are summarized in 
the table below. The low-speed small truck segment is 
not represented in the data used for the trend line above 
due to its very low powered engine, but we have used 
manufacturer estimates for specific models de-rated by 
20% for this segment as well. 

Figure 3: Reported Fuel Economy of Heavy-Duty Trucks vs. Truck Gross Vehicle Weight

Table 4

Category Typical GVW Tons Annual Use km Fuel Economy km/L

Low Power LCV 1.7 18,000 19.2

Standard LCV 3 26,000 12.5

MCV 8 37,000 7.9

HCV Rigid 2 Axle 16 55,000 5.25

HCV Rigid 3 Axle 25 65,000 4.0

HCV Tractor Trailer 40 62,000 3.2

https://trucks.cardekho.com/


20CATF – Transport Sector GHG Reduction for India

The heavy truck segment has high annual travel of 
62,000 to 65,000 km/yr corresponding to approximately 
260 km/ day for 250 working days per year. For the 
HCV trucks, to provide a rated range of 300 km (which 
equates to about 260 km real world), a very large 
battery is required. Based on the announced range and 
battery size of BEV prototypes, we estimate that the 
25-ton rigid truck would need a battery of 280 kWh 
energy for a range of 300 km, while the 40-ton tractor-
trailer would need a battery of 400 kWh energy. If the 
EV premium for trucks is similar to the $300/kWh for 
cars, the incremental price would be $84,000 for the 
25-ton truck, and $120,000 for the 40-ton tractor trailer. 
In comparison, a diesel 25-ton truck retails for about 
$35,000 while a 40-ton tractor trailer retails for about 
$55,000. These increments would make electric trucks 
cost over 3 times the price of a competing diesel truck, 
and are obviously very cost-ineffective. Hence, we have 
focused on examining electrification of the LCV and 
MCV segments which require much smaller batteries 
due to the reduced range requirement of about 110 to  
150 km/ day.

Impact on Vehicle Price

Given the limited number of EV trucks in India, the 
price impact estimate is based on estimates of battery 
size and a price increment over diesel vehicles of about 
$300/kWh of battery size. In the low-speed LCV case, 
Tata has announced an Ace EV model with a 21.3 kWh 
battery and a motor (with significantly higher power than 
the diesel) rated at 36 HP. The Ace EV is estimated to 
have real world range of about 125 km, implying a fuel 
consumption rating of 6km/kWh. While no price data is 
available, the battery size implies a retail price increment 
of about $6,500. Since the diesel version base price is 
around $5,500, the Ace EV price is estimated at $12,000. 
In the case of a 3 ton LCV, we estimate a consumption of 
4 km/ kWh. To provide a nominal 140 km range, a battery 
size of 35 kWh would be required. The new Tata Yodha 
pickup is available in 3 to 3.5 ton GVW ratings at a price 
starting at about $11,000. The estimated electric model 
incremental price would be $10,500 for a total retail 
price of about $21,500.

In the 8 ton MCV category, there are many electric 
models now available in developed nations, and the Isuzu 
NPR EV model offers a point of reference. The EV model 
for the USA with 18,000 lb. GVW rating offers a 138kWh 
battery for a nominal range of 270 km, implying a fuel 
economy of 2km/ kWh. A shorter-range version suitable 
for Indian conditions with an 80 kWh battery would 
provide about 160 km range at an incremental cost 
of $24,000. Diesel trucks in the this GVW rating cost 

about $20,000 so that an EV with 160 km range would 
be priced around $44,000. Hence, EV models across all 
three classes would be 2 to 2.2 times as expensive as the 
equivalent diesel model absent any subsidy.

Fuel Consumption and CO2 Emissions 

We have used the nominal fuel consumption rates 
outlined in the previous paragraph to estimate 
CO2 emissions. For low-speed LCV models, the 
nominal consumption is about 19.2 km/L on-road fuel 
consumption for diesel models and 6 km/kWh for 
electric models. For the diesel model, the tailpipe CO2 
emissions are 123.5 g/km, with an upstream emissions of 
33 g/km, for a total 156.5 g/km.  The equivalent electric 
model’s emissions are 154.5 g/km, almost identical to 
the diesel model on a WTW basis (the EV has higher 
performance in this comparison). For the 3 ton LCV, 
the diesel consumption rate is 12.3 km/l which leads 
to a tailpipe emissions of 212 g/km and a upstream 
emissions of 51 g/km for a total of 263 g/km, while the 
corresponding electric model is 231.5 g/km For the 
medium duty truck, the diesel tailpipe emission rate  
335 g/km while the upstream emissions are 80.5 g/km 
for a total of 415.5 g/km. The corresponding EV emission 
rate is 463 g/km, showing that as trucks require larger 
batteries, the efficiency advantage slips. Hence, the 
WTW emissions benefits compare to diesel trucks are 
in -15% to +10%, implying that the choice of range and 
performance of the EV model used for comparison can 
easily affect the relative outcome, but the CO2 emission 
benefits are small to potentially negative. In addition, the 
electric consumption of EV models is an estimate based 
on comparisons and is subject to larger error than the 
CO2 emission changes shown.

Cost-Effectiveness to the Consumer

Since most trucks are powered by efficient diesel 
engines, the operating cost benefit of an EV is smaller 
than for gasoline engine powered vehicles. The average 
fuel consumption for a low-speed LCV is 19.2 km/L for 
an annual fuel consumption of 940 liters at a cost of 
Rs.94,000. An equivalent EV would consume 3,000 
kWh at a cost of Rs.36,000 providing an annual fuel 
cost saving of Rs.58,000. Since the incremental price is 
estimated at Rs 520,000 and the resulting payback period 
is almost 9 years. In the standard LCV case, annual travel 
is 26,000 km, and fuel costs are about Rs. 249,600 for 
the diesel model and Rs. 78,000 for an EV, providing fuel 
cost savings of Rs.171,600. Even in this case, payback 
period for the Rs. 840,000 incremental vehicle price is 
almost 5 years, but this does not take into account the 
negative value of limited EV range in daily operations. 
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In the medium duty 8 ton truck case, the annual fuel 
consumption is 4,684 liters at a cost of Rs. 562,000, 
while the electric cost of fuel is Rs 222,000 for an annual 
saving of Rs.340,000. The high incremental price of Rs. 
1,920,000 implies a payback period of 5.6 years. In all 
3 cases, the payback periods are such that we do not 
anticipate high sales without a significant subsidy.

Subsidy Cost Per Ton of CO2 Reduction

At present, there are no federal subsidies for electric 
LCV models but there are some state specific subsidies 
and indirect tax subsidies. Subsidizing an electric LCV to 
reduce the first cost increment to a 3 year payback level 
to spark consumer interest results in very high costs of 
CO2 per ton, mainly due to the small CO2 benefit relative 
to an efficient diesel. For example, the standard LCV 
subsidized to a RS. 325,000 level for the EV model would 
result in subsidy costs of $335 per ton, while costs for 
the low-speed LCV are much higher and not applicable 
for a MCV where the EV has higher WTW emissions than 
the diesel model. Hence, EV subsidies for this market are 
not an economically viable solution.

Impact on the Electric Grid

Due to the low penetration of electric trucks and the lack 
of subsidies, it appears very unlikely that the population 
of electric LCV (and possibly MCV) will exceed even 
100,000 units by 2030 even if subsidized. If each vehicle 
uses 7,000 kWh per year (including charger loss) the 

net annual demand will be less than 0.7 TWh in 2030. 
This demand is less than 0.5% of total electric demand 
projected for 2030, and hence very minor. A low speed 
LCV could be recharged in 8 to 9 hours from a standard 
wall plug. However, the standard LCV would need a 
Level 2 charger capable of >10 kW charge rate to charge 
the battery in 5to 6 hours.

Superchargers capable of delivering up to 50 kW would 
be required only to enable longer distance non-urban 
travel, and this could be an issue for some MCVs used for 
regional delivery. This is, at present, not a significant issue 
as electric MCVs are too expensive for the Indian market.

Impact on Air Pollution and Other Impacts

As noted, the 2020 average pollution intensity for 
electricity was estimated at 190 mg/kWh for PM 3,910 
mg/kWh for NOx emissions. This translates to about 
33 mg/km of PM emissions and 650 mg/km NOx for a 
low-speed LCV and 45 mg/km of PM and 978 mg/km for 
NOx for 3 ton LCVs. In contrast, post-2020 LCVs meeting 
BS VI emission standards are limited to 5 mg/km for 
PM and 80 mg/km to 105 mg/km for NOx, substantially 
better than the equivalent electric vehicle. 

The qualitative evaluation summary in Table 5 shows 
that LCV and MCV categories have more negative 
dimensions for electrification than those for the other 
segments. For these reasons, it makes little sense to 
electrify these market segments in the short term.

Table 5: Summary of EV Strategy Impact on LCV and MCV

BEV vs. ICEV (gasoline) Low Speed LCV Standard LCV MCV

Impact on Retail price ~2.2x ~2x 2.2x

Impact on WTW CO2 (2022) ~0 -10% to -15% 0 to +10%

Cost-Effectiveness to Consumer ~9 years payback ~5 years payback >5.5 years

Subsidy Cost $/ton CO2 Very high ~$335/ton No benefits

Impact on electric grid to 2030 Minimal Modest Minimal

Recharging Infrastructure Standard wall plug Level 2 charger Level 2 charger

Impact on areawide pollution Increased NOx/PM Increased NOx/PM Increased NOx/PM

Other impacts Modest Modest Modest

Color key: Dark green – strong positive impact; light green – modest positive impact; no shading – minor or no impact, pink – modest negative 
impact; red – strong negative impact
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The analysis presented shows that the battery-electric 
vehicle strategy is not well suited for most vehicle 
segments in India, except for commercial 3W and 4W 
taxis. There are three major policy alternatives to the 
electric strategy and they are:

 ■ improve the fuel efficiency by improving conventional 
engine and body technology

 ■ Incorporating the use of electric hybrid technology as an 
intermediate step to complete electrification

 ■ Reducing the carbon content of fuel, which would affect 
emissions of all vehicles, not just new vehicles

India has embarked on all these alternatives but 
there is currently no planned change in fuel economy 
requirements beyond 2022. It should be noted that the 
GHG reduction benefits of the three approaches are 
largely additive, and can be pursued independently or in 
combination with each other.

Improving Conventional Technology

The technology to reduce fuel consumption has been 
of great interest in the context of setting fuel economy 
standards all over the world. The available technology to 

improve fuel economy in the 2020-2030 period has been 
identified in several studies, and the findings of these 
studies are generally applicable to vehicles in India as 
well. Most studies have focused on four-wheel light duty 
vehicles but there are fewer studies on 2W/3W vehicles 
and on commercial trucks. India has already imposed 
fuel economy standards on most on-road vehicles but 
standards have been only enacted to 2022 and no further 
tightening of standards has been proposed.

The ICCT conducted a study of potential improvements 
to 2W vehicles in India in 2019 and the study results are 
shown below graphically16 in Figure 4. The study finds 
that a 20% reduction in fuel consumption is possible for 
$85 in incremental cost which translates to about $120 
in retail price. (US$1= Rs 70 in 2020). At current prices, 
the value of annual fuel consumption for an average 
two-wheeler is about $160 so that the savings would 
be $32. This leads to payback period of ~4 years which 
is only moderately attractive to consumers. Hence, the 
free market alone is unlikely to bring the technology for 
a 20% improvement to market, and the motivation must 
come from more stringent fuel economy standards.

S E C T I O N  7

Alternative Policies to Battery Electric 
Vehicle Based Strategy
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Figure 4:  Technology Based Reductions in CO2 Emissions vs. Manufacturing Cost

In contrast to two-wheelers, there is a global technology 
effort to improve the efficiency of light vehicles has been 
widely utilized outside India. A recent (2021) definitive 
study by the US National Academy of Sciences17 reported 
estimates of the price impact of improving a typical 
US mid-size car’s fuel economy by 17% to 20% by 2025 
would cost US$567 to $798. Since Indian cars are much 
smaller than the typical US midsize car and production 
costs in India are much lower, we would estimate that 
costs in India would be at least 33% less than the costs 
cited in the NAS report, so that Indian vehicle retail prices 
would increase by $288 to $438. These increased costs 
are associated with technology improvements such as 
high compression ratio Atkinson cycle engines, reduced 
engine friction, improved transmissions, weight reduction 
and lower rolling resistance tires. As an approximate 
estimate, it will be possible to reduce fuel consumption 
by ~20% by 2030 for a retail price increment of under 
$450, or Rs 36,000. A 20% reduction in fuel consumption 
provides an annual savings of Rs. 12,000 so that the 
payback period is about 3 years, which would be 
attractive to most customers.

The technology improvements to improve fuel economy 
(lower CO2 emissions) possible for trucks varies by sub-
class. The LCV subclass is technologically similar to the 
light vehicle class except that a much larger fraction is 
diesel powered. Diesels are already quite fuel efficient 
and the total potential improvement is somewhat lower 
than the amount possible for light vehicles. Using a suite 
of similar technological improvements as for cars, we 
estimate that the net improvement of about 15% in fuel 
economy is possible by 2030 for a price impact of about 
$500 relative to a 2022 diesel powered LCV. The low 
speed LCV subclass is already very efficient; it could 
use start-stop technology and in combination with other 
improvements, a net improvement of about 10 to 12% may 
be possible for a cost of $300 over a current low-speed 
diesel LCV.

The ICCT has analyzed improvements possible for Indian 
Medium Duty Commercial vehicles in a study completed 
in 2019.18 Since that time, manufacturers have adopted 
the ICCT study’s base technology package of a BS VI 
standard compliant engine and radial tires. Further 



24CATF – Transport Sector GHG Reduction for India

potential improvements to base technology are relatively 
small, in the order of 12 to 14% from reduced engine and 
drivetrain friction, automated manual transmissions, 
low rolling resistance tires, and adaptation of the Miller 
cycle for a cost of $4,000. Similar levels of technological 
improvement are possible for HCVs across the weight 
spectrum at higher costs, but no detailed study is 
available for India.

Hybrid Technology 

Hybrid electric -ice technology can come in many 
different types and have been classified by the ratio of 
motor power to engine power. The most basic version 
is “stop-start” technology where the motor simply turns 
off the engine at idle or coasting and restarts the engine 
when power is demanded. A lowest cost mild hybrid 
(called P0) is one where the motor power is about 10% 
of the engine power and the electric motor assists the 
engine during acceleration and recovers energy during 
deceleration over and above start-stop functionality. 
Moderate or P2 hybrids have motor power of about 20 
to 25% of engine power and also allows pure electric 
driving at low speeds. The “strong” hybrid has motor 
power of 35 to 50% or more of the engine and expands 
the electric driving modes to be able to cover much of 
typical city driving. All four types of hybrids have been 
commercialized over the last 20 years but start-stop and 
the strong hybrid have been the most popular options 
in OECD countries. As noted, hybrid penetration in 
India is very low at less than 0.1% of the market, and has 
been available only in four wheelers, but start-stop is 
expanding gradually in the market.

Due to the cost and packaging requirements, only 
start-stop technology has been utilized in a few 2W/3W 
vehicles, but there are some recent prototypes of mild 
hybrid technology in motorcycles. For example, TVS has 
displayed a relatively high-powered motorcycle with mild 
hybrid 48 volt technology for introduction in 2024, but 
it appears to be quite expensive as the motorcycle retail 
price is reported to be about $2,000. Other hybrid types 
are considered unsuitable for motorcycles and scooters. 
The ICCT report on 2W as shown in Figure 4, also shows 
stop-start technology can provide can provide a 5 to 6% 
fuel economy benefit in urban driving for a cost of about 
$50 which corresponds to a price impact of about $80. 
Annual fuel cost savings are only about $8 to $10 implying 
a payback in 8 to 10 years, so that only regulatory 
requirements or subsidies will drive market adoption.

Light-duty vehicles of all hybrid types are offered 
globally. The “strong” hybrid alone can provide benefits 
of 35% to 40% but is relatively expensive with a retail 
price increment of ~$2,900 making success in the price 
sensitive Indian market difficult. While the “strong” hybrid 
design may be too expensive for the low-cost segments 
of the Indian market, the 48V “mild” hybrid provides 
significant benefit in fuel efficiency of 13% to 15% (over 
a design not using start-stop technology), and a recent 
report by the ICCT estimates manufacturing costs19 for 
a 10 kW 48V system as low as $330 by 2025, implying a 
retail price increment of about $460 (for comparison, the 
current price in India on the sole model offered with a 
48V mild hybrid system is $750). Since the value of annual 
fuel consumption was calculated at Rs. 60,600 per year, 
the 48V system would save about Rs. 8,500 in fuel costs 
($106) implying a payback period of four and a half years. 
Hence, the government may need to provide a modest 
subsidy to reduce the payback period to under 3 years 
and drive high market penetration.

Hybridization of MCV is possible but relatively 
expensive. As a result, it has not been successful in 
the OECD market. In India, a “mild hybrid” MCV can 
provide an additional benefit of about 10% to 12% 
in fuel economy for an incremental cost of $4,000 
to $5000, which would be not cost-effective for the 
Indian commercial truck owner. Hybridization benefits 
are much smaller for long-haul HCV, only in the range 
of 5% to 6% at a cost of $8,000 to $10,000, making 
hybridization more cost-ineffective than in MCV.

Lower Carbon Fuel

Reducing the carbon content of fuel (either in fuel 
production or in fuel combustion) has also been widely 
explored globally and in India. Currently, the use bio-
fuels like ethanol and bio-diesel, as well as the use 
of natural gas (as a fossil fuel or a renewable fuel) is 
common globally and extensively used in India.  
The benefits of bio-fuels are controversial although 
ethanol from sugarcane appears to be moderately 
beneficial in reducing carbon emissions.

The policy guiding the development of India’s alternative 
fuels sector is the National Policy on Biofuels (NPB), 
adopted in 2018. It prioritizes second-generation 
feedstocks which rely on non-food biomass, such as 
stalks and leaves, as well as molasses and surplus grains, 
to deliver significant emissions reductions in carbon 

http://petroleum.nic.in/sites/default/files/biofuelpolicy2018_1.pdf
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emissions. The new 2025 ethanol roadmap places a 
renewed focus on food-based feedstocks, a significant 
departure from the Ethanol Blended Program laid out 
under the NPB.

The Indian government has mandated all gasoline to be 
a 20% ethanol blend by 2030. It is unclear if the fleet will 
be ready to accept E20 by that date and the sources of 
the large volumes of ethanol to support such a strategy 
is not completely clear. Ethanol in India is derived from 
molasses-based and grain-based distilleries. In its report, 
Roadmap for Ethanol Blending in India 2020-25, NITI 
Aayog has estimated an ethanol demand of 7 to 9 billion 
liters by 2025. This would translate to 6 million MT of 
sugar and 16.5 million MT of grains. While the lifecycle 
emission impacts of ethanol blending are uncertain, a 
5% reduction of carbon emissions may be a reasonable 

estimate if the E20 targets are achieved. The three 
policies of technology improvement, hybrids and low 
carbon fuels in combination provide similar total CO2 
reduction as electrification for much lower cost for new 
vehicles, but the ethanol policy affects the entire fleet, 
not just new vehicles.

Alternative liquid or gaseous fuels may be the only 
possible solution to attain high levels of decarbonization 
in the HCV sector. Two possible contenders have 
emerged in the EU and the U.S. The first is the fuel cell 
electric truck fueled by hydrogen. The second is to use 
ammonia either as a hydrogen carrier or to use directly 
in engines. Both these new fuel technologies are in early 
state of development and are possible for use in India at 
a wide scale only in the post-2030 time frame.
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The Indian vehicle market and electric sector are 
substantially different from those in the EU or the U.S., and 
the case for battery electric vehicles as the preferred route 
for decarbonizing the transport sector is dependent on 
the market sector being examined. The carbon intensity 
of the grid id currently high at over 900 g/kWh and could 
decline significantly to 676 g/kWh by 2030, but recent 
events suggest it could be higher than estimated to 2030.

The case for using battery electric vehicles as the  
primary strategy for decarbonizing the Indian on-road 
transport sector was evaluated along multiple dimensions, 
not just for the ability to reduce carbon emissions.  
The evaluation found that for most segments of the 
transport sector, electrification provided limited benefits 
at very high cost per ton of CO2 reduced. Alternative 
strategies of requiring technology improvements and 
encouraging mild hybridization combined with the use 
of lower carbon fuels were lower cost alternatives to 
electrification, and currently provide CO2 reductions 
comparable to the reduction from battery electric 
vehicles. The situation could change if the electric grid’s 
carbon intensity is significantly reduced by 2030 and 
the case for electric vehicles should be re-evaluated at 
that time. The exceptions to this conclusion were three-
wheelers used for commercial service, and low-speed  
two and three wheelers.

In the case of three-wheelers used largely as taxis or for 
“last mile” goods movement, the costs of electrification 
are similar to those for two-wheelers. However, the 

cost benefit is improved substantially due to their high 
annual use, and electric vehicles are very cost effective 
to the consumer, under current Indian subsidies. Electric 
three-wheelers have already achieved about 60% market 
share in 2022. The current subsidy cost per ton of CO2 
removed is still high at over $170/ton, but the current 
market response suggests the subsidy could be reduced 
significantly without a large impact on sales.

Low speed (less than 45 km/h top speed) and very low 
speed (less than 25 km/h top speed) electric two and 
three wheelers offer a zero incremental cost opportunity 
for decarbonizing these sectors and have become very 
popular in India recently. However, their effect on traffic 
speeds and congestion are not well studied, and it may 
potentially result in these vehicles increasing the CO2 
emissions of all other vehicles due to reduced traffic 
speed, and negating their own benefits. This effect 
should be examined more carefully before the fleet of 
low-speed vehicles expands significantly.

In the case of heavy-duty trucks (over 12 tons GVW), 
the size and cost of the battery are so high and other 
limitations so large that it appears that even if the grid 
carbon intensity is reduced, electrification will not be 
a cost-effective solution absent very large subsidies. 
Hydrogen in conjunction with fuel cells, or ammonia 
either a hydrogen carrier or as a fuel, may be viable 
solutions but these solutions are still in development and 
not likely for use in India until the 2030s.

S E C T I O N  8

Conclusion
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