
India’s New Biofuel Policy for climate change mitigation 
and its implications on land-use requirements

Chandan Kumar Jha, Vartika Singh, Miodrag Stevanovic, Ranjan Kumar Ghosh, Hermann Lotze-
Campen, Alexander Popp, Jan Philipp Dietrich



Introduction of Indian Biofuel Policy

• India’s new biofuel mandate increases blending targets for bioethanol and biodiesel.

• Ramps up co-financing for second generation ethanol bio-refineries and allows food 
crops as feedstock for biofuel production.

• An indicative target of 20% blending of ethanol in petrol and 5% blending of 
biodiesel in diesel is proposed by 2030. 

• Reduce oil import dependency, lesser GHG emissions by reduced crop burning and 
additional income to farmers through sale of residues



Motivation 
• Past studies have assessed the impacts of adopting India’s biofuel mandates using doctrinal

methods (Saravanan et al. 2018), two-factor interaction calculations (Ravindranath et al.,
2011) and a price endogenous multi-market equilibrium model (Khanna et al. 2012).

• Other assessments of specific sectors contributing to ethanol production have also been
undertaken (Sakthivel et al. 2018). However, an integrated assessment of the impacts on land-
use changes across various agricultural sectors has not been undertaken for India.

• In the present scenario, there is an increasing demand for food and feed crops, as well as
increased consumption of meat, which creates competing pressures on available land
resources.

• Therefore, any assessment of the impact of such a policy is incomplete without taking into
account dynamic economic and demographic trends of agricultural consumption, as well as
within country local/spatial biophysical properties that determine agricultural production.



Methodology 

• To assess the New Biofuel Policy (2018) and its impact on land-use changes, we use MAgPIE
(Model of Agricultural Production and its Impact on the Environment) (Lotze-Campen et al.
2008; Popp et al. 2017; Dietrich et al. 2019) modeling framework.

• MAgPIE is a recursive dynamic cost-minimization model. The model simulates crop
production, land-use patterns and water use for irrigation at a spatial resolution of 0.5◦ × 0.5 ◦.

• An additional feature of this model is the inclusion of interregional trade between 12 world
regions (Dietrich et al., 2019).

• MAgPIE uses spatially explicit biophysical information from the global gridded crop and
hydrology Lund–Potsdam–Jena managed Land (LPJmL) model (Bondeau et al., 2007).



• Global ag. cost minimization

• Optimal land-use patterns

• Subject to ag. demand 

• Optimized ag. production systems

• Crop, livestock and processed products 

• Spatially explicit on 0.5°x0.5°

• Endogenous technological change

• Ag. and land-use change emissions

• Climate change mitigation



Scenarios Description 

1. Baseline (SSP2 Parameterization)

2. Mandate only: 20% blending of ethanol in petrol and 5% blending of biodiesel in diesel is 
proposed by 2030

 Constant demand of bioenergy after 2030
“Biofuelconstdem2030”

 Linear increase in demand of bioenergy till 2050 “Biofuellindem2050” 



Under these scenarios we assume that the demand for ethanol will increase from 0.4PJ/yr
to 788PJ/yr over the period from 2015 to 2030 and to 1838 PJ/yr in 2050.

To meet the biodiesel mandate we assume that the demand for vegetable oils will also
increase from 0.837 PJ/yr to 292 PJ/yr over the period from 2015 to 2030 and to 680
PJ/yr in 2050 under the scenario with continued increase after 2030.

Demand for Ethanol and Biodiesel 



Assumptions 

• We assume that all ethanol is coming from molasses and all molasses is coming from 
sugarcane. 

• In the Baseline scenario we allow the import of secondary product- molasses and 
ethanol. 

• In the mandate only scenario we assume there is self sufficiency for secondary
product- Ethanol and Molasses.

• Conversion rate – Molasses to Ethanol (India) - 0.045 



Results- Land Use Change

Under the mandate only scenario cropland increases from 167 Mha in 2015 to 196 Mha by 2030(18%). This is 
coming mostly from other land as other land decreased during the same period.

Crop Land Other Land



Under the presented biofuel mandate scenarios, the pasture land is slightly decreasing. There is no 
change in forest land which is due to assumption of protecting forests under the Indian NDC policy. 

Pasture Land Forest Land

Land Use Change



The result shows that the cropland area for sugar cane increased from 8.6 million ha in 2015 to 16.7 million
ha in 2030 further increased to 19 million ha by 2050. The result also shows that due to increase in land
area of bioenergy crops causing decrease in other food crops like Rice.

Crop Land – Sugar cane Crop Land – Rice 

Land Use Change



Production 

Under the mandate only scenario the production of sugar cane is increasing from 335 mt(dm)/year in 2015 to 797
mt(dm)/year in 2030 and to 1997 mt(dm)/year in 2050. Similarly the production of oil also increases from 58 mt
dm/year in 2015 to 93 mt dm/year by 2030 and to 143 mt dm/year by 2050 under the same scenario.

Sugar cane Oil Crops



Trade

Due to decrease in the harvest area of food crops under mandate only scenario the net 
trade of other crops increased during the mandate period by .  

Crops Rice



Productivity

There is an intensified production system as productivity index increases from 1.25 in 2015 to 1.87 by 2030 and
further to 3.31 by 2050 . This is due to high yield improvement of biofuel crops. Sugarcane productivity
increased from 39 t/ha(dm) in 2015 to 58 t/ha(dm) in 2030 and further to 103 t/ha(dm) by 2050.

Technological Change  Productivity Sugar cane   



Emissions

Results show that there is not much change in land use emissions. The offset of GHG emissions happens in other sectors 
(energy, transport) and this is something that can be calculated ex-ante by evaluated quantities of the blending targets.



Spatial Analysis

The spatial analysis shows that the crop area for sugar cane is largely increasing in northern part of India by 2030. 

Baseline Scenario



• Increased demand for Ethanol and Biofuel. 

• Increase in cropland under mandate only scenario. 

• Increased cropland is partially coming from other lands. 

• Large increase in productivity of bioenergy crops. 

• Large decrease in the harvest area of other food crops. 

• Productivity of other crops also increased but unable to meet domestic food demand. 

• Import of food crops increased.

• Pressure on Land use system. 

Conclusions



Future Work

Building up the alternative scenarios 

 First and Second Generation biofuel
 Use of crop residual as feedstock of biofuel
 Trade scenarios
 Technological change 
 Intensification: Agriculture and pasture
 Other lands 



Thank You!

**This research activity has been undertaken as part of the Food, Agriculture, Biodiversity, Land Use and
Energy(FABLE) consortium that is jointly coordinated by Sustainable Development Solution Network(UNSDSN),
EAT and the International Institute of Applied Systems Analysis (IIASA). The Potsdam Institute for Climate
Change Research (PIK) and Indian Institute of Management Ahmedabad (IIMA) are jointly coordinating
activities under this project for India.
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