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Disclaimer

This document has been prepared by AM Green. The document is for informational purposes only and should not be regarded as a solicitation of an offer to buy the

securities or other investments mentioned in it. This document is neither a prospectus nor an invitation to subscribe to securities or other investments. Nothing in this document is

intended to constitute legal, tax, securities or investment advice, or opinion regarding the appropriateness of any investment, or a solicitation for any product or service. The information

herein is subject to change without notice. Certain information contained herein is from third-party sources. While AM Green Platform generally considers the sources to be reliable, it

does not represent that such information is accurate or complete. AM Green Platform has not undertaken any independent review of such information.

AM Green Platform, its officers, directors, employees, advisors, agents (collectively “ Disclaiming Persons”) make no representation or warranty as to the accuracy,

completeness or sufficiency of the contents of this document and all and any liability is expressly disclaimed by AM Gree n Platform and the Disclaiming Persons for any loss or

damage suffered as a result of any representation (express or implied), information (including any forecast), inadequacy, insufficiency or inaccuracy contained in this document or the

omission of any information therefrom; any written or oral communications transmitted to the recipient or its representatives or advisers; or any person relying on this document; even if

any loss or damage is caused by any act or omission on the part of a Disclaiming Person, whether by negligence or otherwise.

Certain information contained in this document constitutes “forward-looking statements,” which can be identified by the use of forward-looking terminology such as

“may,” “will,” “should,” “expect,” “anticipate,” “project,” “estimate,” “intend,” “continue,” “target,” “believe,” the negatives thereof, other variations thereon or comparable

terminology. Actual events or results or the actual performance of AM Green Platform and its underlying assets may differ materially from those reflected or contemplated in such

forward-looking statements. Any verbal communication which accompanied this document may also include forward looking statements similar to those described above and

any description of market opportunities and proposed investments may vary materially.

This document has been provided to its recipient upon the express understanding that the information contained herein, or made available in connection with any further

investigation, is strictly confidential and is intended for the exclusive use of its recipient. It shall not be photocopied, reproduced and/or distributed to others at any time without prior

written consent. This document has not b e e n filed, registered or approved in any jurisdiction. Recipient should inform themselves of and observe any applicable legal

requirements.
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Technology Landscape- Indian Considerations

• India to be Ethanol surplus (in excess of quantities required for 20% 
gasoline blending from 2025)

• ATJ – the most preferred pathway in view of easy availability of 
feedstock

• However, till ATJ based first (semi) commercial plant becomes 
operational, large refining companies going ahead with co-processing of 
HEFA/UCO in current operating refineries with 5% or 24% volume 
blending enablement

• FT-SPK – a long term GTL option, depending on its future maturity
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Biomass to Starches/Sugars to Ethanol to SAF

2G Ethanol Production

Bagasse, Sorghum and

other Millet residues, 

Paddy/Wheat Straw, 

Agricultural Residues, 

Napier Grass

Biomass to

Starches/Sugars

Plant
2G Ethanol Production

Starches/Sugars

Aggregation
2G Ethanol

Aggregation

Bagasse, Sorghum and

other Millet residues, 

Paddy/Wheat Straw, 

Agricultural Residues, 

Napier Grass

Biomass to

Starches/Sugars

Plant
2G Ethanol Production

Bagasse, Sorghum and

other Millet residues, 

Paddy/Wheat Straw, 

Agricultural Residues, 

Napier Grass

Biomass to

Starches/Sugars

Plant 2

ASTM approvedAlcohol-to- Jet

ConversionProcess

Processes:

• Dehydration

• Oligomerization              e-SAF

• Hydrogenation              e-Diesel

• Fractionation

UOP,AXENS,LANZJET,LUMMUS 
& GEVO



Biogenic CO2 to Methanol to SAF

3

Methanol to SAF 

(MtJ) Plant

SAF

Biogenic CO2 Only

UOP,KBR & AXENS



Biomass Gasification to FT/Methanol to SAF

Napier Grass
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Fischer Tropsch Plant

SAF

Methanol to SAF

(MtJ) Plant

Methanol Plant

UOP,KBR& AXENS
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UCO/Fats/Greases to SAF – HEFA Pathway

Used Cooking Oil SAF

HT
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IIP HEFA Process



Visolis’ Cyclic SAF Technology 

✓ Existing fermentation equipment used from 
the Ethanol industry

✓ High bio-conversion yield v. other 
fermentation chemicals 

✓ Non-toxic product allowing microbes to 
produce in high concentrations

✓ No distillation needed

2-step molecule-based production pathway 

Feedstock

Sugar or other 
equivalents 

(e.g., molasses)

Step 1: Fermentation
✓ Low-cost process using standard 

equipment
✓ High efficiency with production 

approaching theoretical max

Step 2: Catalysis

MVL
(patented)

Product
Sustainable Aviation 

Fuel + Chemicals

Instead of crude oil as a feedstock, mevalonolactone (MVL) made from a wide variety of bio-feedstocks is the key 
precursor to making CyclicSAF and chemicals.  Visolis holds a strong patent position around MVL catalysis 



SAF Technologies- Indian Radar

• IIP-HEFA (Indigenously developed)
• Lanzajet
• Gevo(Not included in my presentation)
• UOP- MTJ & ETJ
• Axens(Not included in my presentation)
• Lummus
• KBR
• Topsoe
• Visolis
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Recap……

✓ Indian SAF technology landscape:All leading ATJ, Co-processing 

pathways in reckoning

✓MTJ coming to the fore too

✓ETJ front runner owing to easy availability of ethanol

✓Major refiners adopting co-processing route to respond to market call

✓FT- SPK – a longterm GTL option

✓ IIP- an indigenously developed HEFA based SAF awaiting final ASTM 

approval
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ramakumarssv@amgreen.com



S.No Date
Fuel User/ 

Purchaser

Total 

Offtake 

Volume

(Million Ltrs)

Length of 

Offtake 

Agreement 

(Years)

1 Feb 9, 2021 British Airways 46.9 5

2 June 20, 2020
All Nippon 

Airways  (ANA)
- -

SAF Offtake Agreements signed by LanzaJet

LanzaTech Technology :

Source: ICAO GFAAF, Argus

Upcoming SAF Plants

LanzaJet

Fuel Producer Location Capacity (t/Yr)

LanzaJet Soperton, Georgia 29,000

LanzaJet Japan 30,000

Shell/SAS/ LanzaJet Forsmark, Sweden 50,000

LanzaJet FLITE United Kingdom 85,000

LanzaJet FLITE Port Talbot,  South Wales, UK 76,000

LanzaJet FLITE United  Kingdom 76,000

IndianOil announced a 86.6 TMTPA plant at 
Panipat Refinery with projected CCoP of 

Rs.144/LT



LJ- Life Cycle Analysis (LCA)

Conventional Jet fuel 

(Average Emissions) 
89  gCO2e/MJ Fuel

Case Ethanol Source SAF Power Source
SAF CI

(gCO2e/MJ ATJ-SPK)

Emission 

Savings

1 3G (Renewable Energy Credits) India Grid (2020-2039) 25.93 71%

2 3G (Renewable Energy Credits) Green Power + Green H2 16.29 82%

3 1G (Sugarcane Molasses) India Grid (2020-2039) 35.47 60%

4 1G (Sugarcane Molasses) Green Power + Green H2 25.83 71%

5 2G (Rice Straw) India Grid (2020-2039) 40.07 55%

6 2G (Rice Straw) Green Power + Green H2 30.43 66%

Source: GREET 2020, CORSIA, Ecoinvent 3.8, BNEF Energy Outlook 2020

Various scenarios depicting the reduction in CO2 emissions w.r.t baseline



MTO and Light Olefin 
Recovery Process 

(LORP) Section

Oligomerization 
Section

Hydrogenation 
Section

Hydrogen

Methanol
Renewable Naphtha

SAF

Renewable Diesel

UOP eFining - 1

Conversion of biogenic carbon to jet fuel through a flexible intermediate

UOP eFining

Methanol Production

Biogenic Carbon

Methanol SAF

SAF Production

1
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UOP eFining - Advantages

Commercially Proven Pathway

• Steps in MTO path are commercially proven at scale or are small changes from proven tech

• Costs/economics for commercial scale can be estimated with relative accuracy today

• No need for small-scale demonstration to prove the concept

Hub & Spoke Option for Economies of Scale

• Methanol is a fungible, marketable and easily transportable liquid, as

compared to liquid CO2, syngas or FT liquid.

• Methanol produced in relatively small quantities from CO2 point sources could be combined in a

single large MTO-> jet facility

Operational and Financial Flexibility

• MTO route allows complete flexibility to clients in terms of operability and financing

• In terms of operability, clients can choose to make methanol, olefins or jet fuel.

• In terms of financing, MTO route allows for staged investment or construction of the plant, based on

capital availability and market demand.

• Multiple options available to clients regarding number of stages depending on end-product – (Methanol,

Olefins or Jet Fuel)

1
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Ethanol Dehydration Oligomerization Hydrogenation
Sustainable 

Aviation Fuel

UOP - ETJ

Key Features

• High yields to jet and diesel from UOP’s ETJ process

• Reduce greenhouse gas (GHG) emissions by 80% on a total lifecycle basis1

• Compatible with hydrous or ASTM D4806 anhydrous ethanol

• Advanced heat integration for lower carbon intensity route

• Based on commercially demonstrated technologies – enables fast scale-up and quicker time to 
commercialization

• Option to purchase full scope catalyst and process design to provide a single point of guaranteed 
accountability

1- Based on the EPA’s summary LCA of GHG emissions for sugarcane

Produces 
ethylene from ethanol

Oligomerization 
of ethylene to 
heavy olefins

Hydrogenation 
of heavy olefins 

to Jet fuel

SAF produced
is paraffinic, similar 

to HEFA SPK



ed.

4CH2CH2                         CH3CH2CHCH2  + CH3CHCHCH3

Lummus  ETJ

Unconverted
Olefins/Light

Oligomers

Lights

Ethanol Dimerization/
Oligomerization

Ethanol to
Ethylene (ETE)

Hydrogenation

Water Heavier
Oligomers

Renewable DieselHydrogen

4CH3CH2OH Oligomers + H2→ SAF + 4H2O

Innovation Applied. Performance Deliver 4

SAF



ed.

Lummus ETE Advantages

✓ Commercialized technology

(260 KTA Unit in Triunfo Brazil) 

Optimized design based on more

✓

✓

✓

✓

✓

High conversion and selectivity

Can process anhydrous and hydrous 

Produces polymer-grade ethylene 

Long cycle and catalyst life

Water is only byproduct

ethanol

✓ than

10 years of commercial experience

Unique reactor setup for optimal heat✓ integration

Innovation Applied. Performance Deliver 5

Lummus



KBR SAF

Intermediate processing facility Biogenic CO2 can also come from other industrial
facilities e.g., CHP plants, and bio-carbon plants.

Feedstock

Fermentation
unit

Biogenic CO2Agriculture waste Green H2

PureSAFSM SAF
Lignocellulosic waste

Syngas

MSW

Gasification unit

Unique feed flexibility offers high integration
possibilities with existing downstream energy parks

Biogas/waste gases PureSAF℠

© 2022 KBR Inc.

Ethanol/Mix Alcohols



Ethanol or
Iso-Butanol
(1G, 2G or 3G)

ATJ-SPK
ASTM certified

pathway

n-Olefins &
iso-Olefins

Olefins
(C2 or C4)

Sustainable
Aviation Fuel

Hydrogenation
& Fractionation

Dehydration Oligomerization

ATJ-SKA
ASTM pathway

certified
(Q4 2023)

CO2, Syngas,
Biogas etc.
Alcohol (C2-C5)
(1G, 2G or 3G)

n-Olefins &
iso-Olefins

Olefins
(C2 or C5)

Sustainable
Aviation Fuel

Hydrogenation
& Fractionation

Dehydration Oligomerization

Aromatics
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ATJ-SPK : ATJ-SKA



Topsoe Hydroflex 

Producing renewable fuels is 

as profitable as it is needed. 

The end-product and 

feedstock flexibility will

increase your business value.

You can produce a wide 

range of renewable fuels: 

Renewable diesel.

Sustainable aviation fuel.

Renewable naphtha and

gasoline.

You can process 

different feedstock

to produce most of what 

is in demand with the 

highest profit margin.1 2
Feed

Process

Process (Topsoe)

Product

TOPSOE PATHWAY OVERVIEW
Virgin oils Waste oils and fats Solid biomass, waste, tires and plastic waste

Conversion to liquid – Pyrolysis, HTL

Pretreatment

HydroFlexTM

Hydroprocessing

Gas Naphtha Diesel Jet fuel

Gasoline/aromatics

© Topsoe A/S. All rights reserved. 22



HYDROTREATING 

REACTOR
SPLITTER

FOSSIL NAPHTHA + GASES 

RENEWABLE PROPANE

JET “A”OR “A1”

SAF

FOSSIL KEROSENE

RENEWABLE FEED

Typical renewable feed compositions

Vegetable oils + animal fats – mostly C18, some C16

© Topsoe A/S. All rights reserved. 23

Freeze point after HDO: 19-26ºC

Final Boiling point after HDO: >350ºC

ASTM D1655 Aviation Turbine Fuels

Topsoe Co-Processing



HYDROTREATING 

REACTOR
SPLITTER

FOSSIL NAPHTHA + GASES 

RENEWABLE PROPANE

FOSSIL KEROSENE

RENEWABLE FEED

HDO/HDS

catalyst

Dewaxing

catalyst

-50

-40

-30

-20

-10

0

P
ro

d
u

ct
FP

,º
C

Dewaxing WABT, ºC

DEWAXING TEST IN KEROSENE CO-

PROCESSING

PRESSURE 1

WITH NO DEWAXING

2.7%

Biogenic carbon 

Fossil carbon

2.5%

Biogenic carbon 

Fossil carbon

JET A OR A1 

SAF

© Topsoe A/S. All rights reserved. 24

Co - Processing HEFA
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