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Introduction

It is well established that to achieve net-zero
emissions, decarbonising the transport sector
is crucial. In 2022, road transport contributed
to around 12% of India’'s energy-related CO2
emissions. The contribution is expected to
double by 2050 (IEA, 2023). To decarbonise the
sector, India is targeting a 20% ethanol blending
rate (E20) by 2025 (NITI Aayog, 2021), which also
aims to reduce crude oil imports, boost farmer
income, and manage surplus sugar.

However, recent studies, particularly in the
United States where maize is the source of
ethanol production, have revealed that the
biofuel blending policy, known as the Renewable
Fuel Standard (RFS), carries more disadvantages
than advantages. One research effort (Lark et
al.,, 2022) observed that the RFS programme
contributed to rising prices of maize and other
crops, resulting in increased farming activity,
greater fertiliser usage, emissions from land-
use changes, and an overall spike in the carbon
intensity of maize-based ethanol production. A
separate study (Chen et al., 2021) corroborated
these findings, determining that the mandatory
blending of ethanol caused a net increase in
costs in the United States, encompassing both
economic and environmental ramifications
when compared to a hypothetical scenario
without the mandate.




Such an exhaustive study for India does not
exist. Examining the broader effects of India's
ethanol blending policy is, therefore, crucial,
considering its impacts on groundwater, land
use, food security, and emissions. Further,
there is no long-term policy on ethanol use
in India yet. The Center for Study of Science,
Technology and Policy (CSTEP) aims to fill
this critical research and policy gap through
the study Decarbonising India’s Transport
Sector: Navigating Trade-offs of Biofuel Use
and Electrification (CSTEP, 2024). We adopted
a nexus approach through system dynamics
modelling using the Sustainable Alternative
Futures for India (SAFARI)' model (Ashok et
al., 2021; CSTEP, 2021, 2022, 2023; Kumar et
al.,, 2021) to develop scenarios illustrating the
conseguences of sustaining ethanol blending
practices in India until 2070. After analysing
these scenarios, we proceeded to outline a
roadmap aimed at ensuring the long-term
sustainable use of ethanol in India.

1 The transport module in SAFARI, driven by GDP and
population, projects the demand for petrol and ethanol and,
subsequently, emissions. The agriculture module—driven by
population, food security goals, and ethanol demand—projects

the land, water, energy, and emissions implications under different
scenarios.It is a dynamic model where all sectors of the economy
are modelled and interact with each other, competing for the same
resources.
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Scenarios

No Policy
A counterfactual scenario where the National Policy on
Biofuels 2018 does not exist and blending rates remain 0%
until 2070.

E20 via 50/50 Maize-Sugarcane (E20 50-50)

This scenario achieves and maintains E20, with half of
the ethanol demand met by maize and the other half by
sugarcane, as outlined in the policy roadmap (NITI Aayog,
2021).

E20 via 50-50 With High Yield Maize (E20 50-50 HYM)
This scenario is similar to the previous one except that
the average yield of maize is assumed to increase to 8.5
tonnes/hectare by 2070 (in contrast to reaching 5 tonnes/
hectare by 2070 in the previous scenario). The current yield
of maize (India average) is 3 tonnes/hectare.

E20 via Sugarcane Alone (E20 100-SC)
A hypothetical scenario where all ethanol demand for E20
is met by sugarcane, continuing the current practice.

E10 Continuation

A scenario where the EI0 blending rate is maintained
until 2070 without any increase from the current average
blending.
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Key Insights

Rising ethanol demand to maintain E20, if met partly by maize (50%-50%), will
require an additional ~8 million hectares (Mha) of land, leading to the uptake
of fallow land and increased conversion of forest land into agricultural land
unless there is a drastic improvement in maize yields. If met by sugarcane
(100%), it would lead to an additional ~3.5 Mha of land being brought under
sugarcane cultivation, in turn leading to excessive water withdrawals in India’s
drought-prone regions, up to 60 billion cubic metres more annually. Instead,
sustaining the ET0 blend offers fewer trade-offs while retaining the benefits of
ethanol blending. E10 can be supported by the existing sugarcane cultivation
for sugar production and used in current vehicles without infrastructure or

design changes.

The following section elaborates further on these insights.

» Because of the rising petrol demand, despite the expected increase
in electric vehicle (EV) uptake, maintaining the E20 target leads to an
increase in demand for fuel ethanol: 10 billion litres by 2025, 12 billion litres
by 2030, and 20 billion litres by 2050.

»  The rising demand corresponds to a considerable amount of additional
land requirement (compared to a No Policy scenario):

In E20 50-50, where half the demand is met via sugarcane and the
other half by maize, ~8 Mha of additional land needs to be brought
under maize cultivation (Figure 1). The existing area under sugarcane
cultivation is adequate to meet the remaining demand.

If there is a drastic increase in maize yield—8.5 t/ha by 2070—the
additional land requirement is lower (~3.6 Mha) and only until 2050,
as shown in Figure 1.

In E20 100-SC, where all the demand is met via sugarcane, ~3.5 Mha
of additional land will have to come under sugarcane cultivation
(Figure 2). No increase in maize cultivation is needed.
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Figure 1: Area under maize cultivation
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Figure 2: Area under sugarcane cultivation

Because of the increased land footprint of E20, fallow land will run out by
around 2044, particularly in scenarios where maize is used as feedstock.
This would lead to an increase in land conversion, particularly from forests
for agricultural expansion in the coming decades.
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Figure 3: Fallow land (net remaining arable land available for cultivation)

»  Maintaining E20 also has a high water footprint when compared to
No Policy or E10.

In E20 50-50, annual average total irrigation water demand will
increase by around 30-50 billion cubic metres (BCM) by 2070

(Figure 4).
In E20 100-SC, total annual irrigation water demand will increase by
up to 60 BCM.
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Figure 4: Increase in agriculture water demand compared to 2022 levels




The High Yield Maize scenario (E20 50-50 HYM) has a relatively lower land
and water footprint; however, when the yield increases substantially, India
will have to decide between using more of the crop for ethanol versus
improving livestock feed (whose actual demand is often underestimated
now), which is discussed in detail in the CSTEP report (CSTEP, 2024).
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Recommendations

Limiting ethanol blending to E10 is a more prudent strategy given the
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long-term land and water implications of E20.

As EVs become more prevalent and petrol demand decreases, surplus
redirected towards producing alcohol-to-jet fuel.
Preliminary estimates suggest this could meet up to 15% of aviation fuel

ethanol can be

demands by 2050.

Roadmap for the Long-Term Use of Ethanol in India

2024

E10 + EV Focus

Promote EV uptake for new
purchases, as cost parity is
achieved

Sustain E10 for existing
vehicles at 6 to 8 billion litres

Less drain on groundwater
and competition for land
(compared to E20)

2040

Maintaining E10

Cap sugarcane cultivation at
existing levels (<=5Mha)

Ramp up ethanol supply to 6
billion litres by 2030 by increasing
the share of B-molasses and
sugarcane juice as feedstock

Existing vehicles are already
compatible with E10 and no extra
crop cultivation needed

2030

Ethanol to Jet Fuel

High EV penetration (almost 100%
of new vehicles sales)

Remaining petrol vehicles
continue to use E10

Ethanol surplus conversion to
jet fuel (alcohol to jet) can meet
almost 15% of jet fuel demand by
2050

p 2050 and beyond
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Benefits

Existing vehicles and
infrastructure can handle E10
without modifications.
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E10 avoids additional stress
on land and water resources,
sidestepping the food versus
feed versus fuel dilemmma. This
is particularly important as we
expand land-intensive power
sources, increase urbanisation,

and strive to achieve forestry
goals.

Surplus ethanol can be used to

produce aviation fuel, benefiting

a sector that is difficult to
decarbonise.

E10

Since India has not yet
announced a long-term ethanol
policy, maintaining E10 would not

require significant changes to
long-term policy commmitments.
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