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APPENDIX

SAF DEPLOYMENT IN INDIA

1.  SAF Key Technologies & Pathways in India - Out of 11 approved pathways by ASTM, following
three pathways have high technology readiness level and shows enormous potential for commercialization,
particularly in India.

e Hydro processed Esters and Fatty Acids (HEFA): This pathway is technologically mature and is
already commercialized in USA and Europe. This pathway was approved by ASTM in 2011 and
most of the demonstration flights using SAF blend are based on SAF produced from HEFA
pathway. HEFA refines lipids such as vegetable oils, waste oils, or fats into SAF and other valuable
co-product such as Renewable Diesel. This process consists of hydro treatment and isomerization
to convert triglycerides into hydrocarbons in the ATF range.

e Alcohol-to-Jet (ATJ): This pathway utilizes alcohol as a source (either Iso-butanol or Ethanol)
for production of SAF. The Alcohol can be produced from Sugary, Starchy and Biomass feedstock.
ATJ converts Alcohols into SAF by removing the oxygen (Dehydration) and linking the molecules
together to get the desired carbon chain length (i.e., Oligomerization). Further processing includes
Hydrogenation and Fractionation to get the SAF and co-products such as Renewable Gasoline
(Isooctane), Green Diesel etc. The technology of this pathway is rapidly maturing and many
commercial scale plants based on ATJ pathway are already announced across the globe.

e Fischer Tropsch (FT): In this process, the Syngas, produced from biomass gasification, is
synthesized and catalytically cracked to produce SAF. Two different FT processes have been
certified by ASTM to date, one that produces a straight paraffinic jet fuel (SPK) and one that also
produces additional aromatic compounds (SAK).

Apart from above technologies, ‘Power to Liquid’ technology for SAF production is rapidly emerging as
the more sustainable alternative to other technology pathways. Although, this technology pathway has high
environmental sustainability, it may take at-least couple of decades for this pathway to become
commercially viable.

2. Efforts of SAF technology development in India

While SAF technology development in initial phase is primarily conducted in USA and Europe, some
Indian organizations and research labs are also leading the efforts in developing technological solutions for
production of SAF based on feedstock available in India.

e CSIR-1IP: The Indian Institute of Petroleum (I1P), one of the constituent laboratories under the
umbrella of Council of Scientific & Industrial Research (CSIR), has developed an indigenous single
step catalytic technology based on hydro-processing of waste lipids, such as Used Cooking Oil &
Tree borne oils to produce SAF. CSIR-1IP has also established pilot scale testing facility with the
capacity to process feed up to 50 kg per day.

e Praj Industries Ltd.: The technology is based on ASTM approved ATJ pathway, in which the
commonly available feedstock in India such as Cane Molasses, Cane Syrup, Agricultural Residues
etc. are first converted into Isobutanol, which is further processed into SAF.
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e Lanzajet: The technology is based on ASTM approved ATJ pathway, in which the commonly
available feedstock in India are produced from a low-carbon, sustainable ethanol sourced from a
diverse and flexible set of feedstocks including off-gasses, ag-waste, and MSW.

3. Feedstock Availability

The successful commercialization of SAF largely depend on availability of low-cost sustainable feedstock.
Currently, most of the SAF produced in the world is based on lipid feedstock such as Used Cooking Oil,
Animal Tallow etc. However, SAF plant facilities based on Corn, Sugarcane & Second Generation (2G)
Lignocellulosic Biomass (such as Agricultural or Forest Residues) are either in planning stage or under
construction in various parts of the world.

Here is the overview of various prominent feedstock available in India for SAF production.

e Agricultural Residues / Second Generation (2G) Feedstock (for SAF production based on ATJ
pathway)

Every year, around 500 million tons of Agricultural Residues are produced in India and around 100 million
tons of these residues are burnt on the field causing widespread pollution. In order to mitigate the pollution
caused by burning of residues, Govt. of India launched an ambitious program of setting up 12 number
ethanol plants operating on Agricultural Residues as feedstock.

India’s first Second Generation (2G) Ethanol plant was inaugurated by Hon. Prime Minister in August 2022
in Haryana and the same plant is now producing 100,000 litres of Bioethanol per day from Rice Straw.

Ethanol produced using Agricultural Residues can be converted into SAF using ASTM approved ATJ
pathway. Even converting 50 million tons of Agricultural Residues, which is just 10% of total agricultural
residues available in India, would yield around 4 to 5 million tons of SAF per year, and thereby saving around
10 to 15 million tons of GHG emissions per year. Further carbon emission savings could also be derived from
high-value low carbon renewable fuels produced as co-products during the refining process.

e First Generation (1G) Feedstock for Alcohol production (for SAF production based on ATJ
pathway)

Despite 20% blending of Ethanol in the gasoline pool in India, there is likely to be availability of either
surplus Ethanol or feedstock for production of Alcohols (Isobutanol or Ethanol) such as Sugary Streams
(Cane Syrup, Cane Molasses etc.) and grains unfit for human consumption. The supply chain for production
of Alcohols based on 1G feedstock is already established and surplus Ethanol or Isobutanol produced from
1G feedstock can be converted into SAF through setting up plants based on ATJ pathway.

Currently, Cane Molasses, which is widely available in India and is in surplus quantity, is classified as
‘Byproduct’ of sugar manufacturing process, whereas Cane Molasses is the ‘waste’ product of the sugar
manufacturing process.
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e Lipids (Used Cooking Oil or Tree Borne Qil) for SAF production based on HEFA pathway

Considering that India consumes almost 22 to 27 million tons of vegetable oil every year, there is significant
guantity of Used Cooking Oil (UCO) produced in India. Tree Borne Oil (TBO) from plants such as Jatropha
and Pongamia cultivated on degraded land is another potential feedstock in India for production of SAF.

4. Policy Support

While there is the policy of CORSIA catering for use of SAF for international aviation, the commercial use
of SAF in India will also require policy interventions by the government, with regulations and incentives
throughout the value chain.

Various policies to promote Biofuels have already been established by the Government of India which
include the National Policy on Biofuels 2018, Ethanol Blending Mandate, PM-JiVan Yojana, the
Sustainable Alternative towards Affordable Transportation (SATAT) and national solar and hydrogen
missions.

5. SAF Flights

e Biofuel produced from Jatropha seeds by Indian Institute of Petroleum, CSIR lab — 25% SAF with
ATF was blended and used in one engine of Bombardier Q 400 aircraft for 01 hour flight from
Dehradun to Delhi in August, 2018. The fuel is still under process of ASTM approval.

e M/s Indigo carried out its first international ferry flight with 10% blended fuel from Toulouse to
Delhi on 17 February 2022.

e M/s Vistara conducted its ferry flight of B-787 from USA to India using 28% of SAF blended fuel
on 29 March 2023.

e M/s Air Asia carried out its first commercial domestic flight (Pune to Delhi) with 0.75% SAF
blended fuel on 19 May 2023.

e Airlines will carry out all their ferry flights with 5% SAF blended fuel provided by M/s Airbus
originating from Toulouse and Hamburg.



