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AGENDA

❖ IFPEN at a glance

❖ SAF pathways – presentation

❖ Focus on maturity assessment

❖ HEFA hydroprocessing

❖ Biomass-To-Liquid

❖ Ethanol To Jet 

❖ E-fuels (an FT pathway)

❖ Final conclusions / Thoughts
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IFPEN AT A GLANCE

Public sector

 R&I institution

Training 

center

Industrial 

Group 

INTERNATIONAL SCOPE  in the field of

 ENERGY, MOBILITY and THE ENVIRONMENT

1,531 employees

incl.  1,078 R&I engineers & 

technicians

€ 122 M Budget allocation in 2024

€ 154 M Own resources in 2024

ONE MISSION
Innovating for a low-carbon and sustainable world 

ONE AMBITION
To be a committed player in the threefold ecological, energy and digital transition

an institute open to society, a creator of value and jobs,

and a trusted third party to public authorities 
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Field
World 

Ranking *
Period Details Sources

Low-carbon technologies 4th 2000-2019

1st in CCUS and 
Alternative Fuels

3 French organizations 
in the top 10: CEA 1st, 
IFPEN 4th, CNRS 7th

OEB & IEA

European Patent 
Office

International 
Energy Agency

Hydrogen technologies 2nd 2011-2020
The world top 3 are 

French:
CEA, IFPEN, CNRS

OEB & IEA

Advanced plastics 
recycling

1st 2010-2019 
1990-2023

3rd in 
Depolymerization of 
plastics (all categories 

combined, including 
companies)

OEB

Electricity grids 9th 2011-2022
1st in Stationary 

Storage
OEB & IEA

PATENT POSITIONING

*    world ranking of public research and higher education institutions
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IFPEN SUBSIDIARIES AND SHAREHOLDINGS *

Training

* February 2025

Geosciences 
consulting & software Eco-energies & mobility

Processes & products,
oil and gas, biomass, water, 

CO2, materials recycling 

11%

24%

75%

18%

11%

6% Tec E Mouv

10%

16%

99%

100%

100% 62%

4,000 COLLABORATORS (IFPEN + SUBSIDIARIES)

50 % 50 %

CONSOLIDATED TURNOVER OF €1,100 MILLION
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LOW CARBON FUELS AT IFPEN

A LONG STORY FROM 1992 TO NOW 
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LOW CARBON FUELS TIMELINE
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BTL and E-BTL
(E-)Biomass to Liquids

PRETREATMENT

GASIFICATION

PURIFICATION
CONDITIONNING

FISCHER-TROPSCH
UPGRADING

WATER 
ELECTROLYSIS

Low carbon 
electricity

Advances biofuels

H2

O2

-90% 
CO2 

silvicultural residues
Agricultural wastes

EtOH and ETJ
Ethanol & ethanol to 

jet

PRETREATMENT

HYDROLYSIS 
FERMENTATION

PURIFICATION

DESHYDRATATION

OLIGO

HYDROGENATION

Biofuels and advanced 
biofuels

Ethanol 1G

-85% 
CO2 

silvicultural residues
Agricultural wastes

E-FUELS

CAPTURE CO2 

RWGS

FISCHER-TROPSCH
UPGRADING

WATER 
ELECTROLYSIS

H2

O2

Renewables biofuels

-95% 
CO2 

Low carbon 
electricity

PRETREATMENT

HYDROTREATING

HYDROISOMERISATION

HVO
Hydrotreated 
Vegetables Oil

Biofuels and advanced 
biofuels

-85% 
CO2 

Vegetable Oil

Used Cooking Oil (UCO)

Animal Fats

LOW CARBON FUELS IFPEN-GROUP TECHNOLOGIES – 4 PATHWAYS COMPLYING ASTM D7566



9 |   ©  2 0 2 5  I F P E N  Confidential – Do not disclose

JET SPECIFICATION
JE

T 
SP

K
C

O
-P

R
O

C
ES

SI
N

G

➢ Under evaluation➢ Certified routes

HVO
Hydrotreated Vegetables Oil

BTL and E-BTL
(E-)Biomass to Liquids

E-FUELS

EtOH and ETJ
Ethanol & ethanol to jet
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TECHNOLOGY READINESS LEVEL - COMPARISON 
METHODOLOGY
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HEFA ROUTE

A COMMERCIALIZED TECHNOLOGY



12 |   ©  2 0 2 5  I F P E N  Confidential – Do not disclose

FOCUS HEFA
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FOCUS HEFA

➢ Reactor technology close to existing facilities in refinery / use 
of existing assets

➢ Renewable ressources accessible : Used cooking oil, 
Vegetable Oils, animal fat…

➢ Many units in operation for renewable diesel production
▪ Ex: VEGAN Process at La Mède (Rapseed Oil, UCO, Animal fat..)

➢ Main challenge towards SAF

➢Catalytic optimization especially for HDI stage / cold flow 
properties improvement and SAF Yield

https://bioenergyinternational.com/axens-starts-up-worlds-first-full-
saf-vegan-unit-in-asia/
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BIOMASS-TO-LIQUID

TRL IMPROVEMENT / SCALE-UP STRATEGY
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Whole integrated BTL chain

MATURITY ASSESSMENT ON BTL TECHNOLOGY BUILDING BLOCK
EARLY DEVELOPMENT

1

9

8

7

6

5

4

3

2

TECHNOLOGY READINESS LEVEL

Biomass Pretreatment Gasification Purification & Conditionning FTS & Upgrading

Industrially proven

AGR on ATR 
syngas 

production

FT
(ex-BTL)

Coal 
Gasification

Biomass 
gasification

Torrefaction 
of biomass

HDI, 
HCK

Torrefaction 
of coffee

AGR on 
Gasification/
WGS product 

– 
%elimination 

rate

WGS
FT

(ex-CTL, GTL)
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1. Biomass Pretreatment
• Demonstrate the technology at large scale

• Different operating conditions for different 
kind of biomass

• Build and operate a demonstration 
unit

2. Gasification
• Defined pneumatic transport parameters

• Determine operating conditions

• Build and operate an entrained-flow 
gasifier

BIOTFUEL EXAMPLE
11 years of R&I (2010-2021)

6 partners
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FISCHER-TROPSCH & UPGRADING A PROVEN 
TECHNOLOGY

▪ Key Features
 Slurry Bubble Column FT Reactor: Maintains 

product quality and high availability

 High performance catalysts 

 Flexible Upgrading scheme: Kerosene or Diesel

▪ Commercial technology
 5 Designed references (1000 to 32000 BPSD)

 25 000 hours of operation of FT pre-commercial 

demo plant

 > 110 references worldwide for upgrading

▪ Several projects on track

LIQUIDS
SYNGAS

FT UPGRADINGPURIFICATION

H2

H2O

H2S

CO

CO2

Gasel®

Slurry bed reactor - TRL 8-9

➢ pre-commercial demo plant to

25,000h operation Sannazzaro site

110 industrial 

references

FT UPGRADING
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RESULTS

Tests on tools of representative industrial scale 
making it possible to address design, 
operational and optimization issues 

Production of Fischer-Tropsch Waxes from 
Biomass : a global first, which validates the 

concept of the whole BioTfueL chain

+ 1500 hrs of torrefaction in Venette: 
product quality 

that meets expectations 

+ 1000 hrs of Gasification of pure biomass 
in Dunkirk 

(Oak, Spruce, Poplar, Beech, Miscanthus, waste wood …) 

BIOTFUEL MATURITY : R&D RESULTS

UNIQUE LEARNING/REX from success and troubleshooting

Now ready to commercialization - ex: BioTjet project
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ETHANOL TO JET MATURITY

TRL ASSESSMENT
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FOCUS ETJ

v

Refining technology proven

Overpowerd technologies at industrial scale since 70’s-80’

Adaptation of those technologies to meet the specificities of effluents 
from ETJ (composition, impurities, feed rates, …)

High TRL Processes

ATOL-C2®
Déshydratation

Dimersol-ETM

 Oligomérisation 
homogène

PolynaphthaTM

 Oligomérisation 
hétérogène 

Hydrogenation
FUTUROL®

Conversion 
enzymatique

Recycle essence

Ethanol Ethylène
C4=, C6=

C8=+

Ethanol 1G

Oléfines 

branchées

(C10-C18)

SAF

Essence et 

diesel 

renouvelables

Résidus sylvicoles
Déchets agricoles

Enzyme 
conversion

DehydrationSilvicultural residues
Agricultural wastes

Homogeneous 
oligomerisation

Heterogeneous 
oligomerisation

Branched

Olefins
(C10-C18)

Naphta recycling

Naphta and 
renewables 
diesel



22 |   ©  2 0 2 5  I F P E N  Confidential – Do not disclose

FOCUS ETJ

v

2 technologies recently developed

FUTUROL aiming to produce ethanol as transportation fuel

ATOL C2 aiming to produce high grade ethylene for polymer application

Medium TRL processes

FUTUROL®

R&D project launched in 2008

Demo started in 2015

Commercialization in 2018

1st reference industrial in 2020

ATOL® 

R&D project launched in 2008

Commercialization in 2013

Demo started in Japan in 2022

v

ATOL-C2®
Déshydratation

Dimersol-ETM

 Oligomérisation 
homogène

PolynaphthaTM

 Oligomérisation 
hétérogène 

Hydrogenation
FUTUROL®

Conversion 
enzymatique

Recycle essence

Ethanol Ethylène
C4=, C6=

C8=+

Ethanol 1G

Oléfines 

branchées

(C10-C18)

SAF

Essence et 

diesel 

renouvelables

Résidus sylvicoles
Déchets agricoles

Enzyme 
conversion

DehydrationSilvicultural residues
Agricultural wastes

Homogeneous 
oligomerisation

Heterogeneous 
oligomerisation

Branched

Olefins
(C10-C18)

Naphta recycling

Naphta and 
renewables 
diesel
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ATOL-C2®
Déshydratation

Dimersol-ETM

 Oligomérisation 
homogène

PolynaphthaTM

 Oligomérisation 
hétérogène 

Hydrogenation
FUTUROL®

Conversion 
enzymatique

Recycle essence

Ethanol Ethylène
C4=, C6=

C8=+

Ethanol 1G

Oléfines 

branchées

(C10-C18)

SAF

Essence et 

diesel 

renouvelables

Résidus sylvicoles
Déchets agricoles

Enzyme 
conversion

DehydrationSilvicultural residues
Agricultural wastes

Homogeneous 
oligomerisation

Heterogeneous 
oligomerisation

Branched

Olefins
(C10-C18)

Naphta recycling

Naphta and 
renewables 
diesel

v

FOCUS ETJ

v

R&D study of entire chain
1G / 2G Ethanol compatibility

Jet SPK with some by-products : gasoline, naphtha, diesel 

Yield SAF competitivity complying ASTM D7566 Annex 5

Example : commercial reference Jetanol in 2021 – GEVO

Maximize the SAF yield

Energetic efficiency

Impurities gestion

RESULTS 

Increasing the whole  chain TRL

v
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E-FUEL

TRL ASSESSMENT
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DEVELOPMENT OF E-FUELS TECHNOLOGY THROUGH
RWGS & FISCHER-TROPSCH PATHWAY

ASTM D7566

Renewable electricity

Biogenic CO2 

Water

Technology pathway

Electrolysis

RWGS
CarboVerseoTM

Fischer-Tropsch
Synthesis
GASEL®

Product 
upgrading

GASEL®

Electrical heating

Tail gas treatment 

Carbon Capture

e-Kerosene

e-Naphta

Synthetic Fuel

DMXTM

e-Diesel
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a)

CO2 CAPTURE FROM FLUE GASES (WITH DMX )

Industrial 
demonstration scale

0.5 tCO2/h  

Laboratory scale

Solvent screening

Cold  mock-up 
CFD simulations

Process modelling
Thermodynamics, kinetics, 

physicochemical 
properties…

Demonstration to TRL 7-8 
➢ ready for 

commercialization

>7500h operation 
@ ArcelorMittal 

steel mill in Dunkirk

Pilot scale
0.2 kg CO2/h  
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RWGS: DERISKING STRATEGY

CO2

Heat-up & 

maintain

@1000°C

Catalyst

selection & 

cycle

Feeds

impurities

Products &

by-products

Materials

Time to

market

Keep it

simple!

H2

CO

H2O 

+

+
Reaction

kinetics, 

modelling & 

scale-up

| 27



28 |   ©  2 0 2 5  I F P E N  Confidential – Do not disclose

RWGS: DERISKING STRATEGY

Heat-up & 

maintain 

@1000°C

0.5MW e-heater test stand

Representative of scale 1:1
Technology validation & 

certification

Pilot unit testing

& reactor modeling
CFD for homogeneous gas mixing 
& velocity in RWGS reactor

Finite Element Method 
(FEM) for compensation 
for thermal expansion

Design of refractory 
heating & drying curves

Materials
Refractory material 

tests Metal dusting 

tests

No variation of catalytic 

performances over 1000h
➢ CO2 conversion ± 0.07%

➢ CO selectivity ± 0.03%

➢ CH4 selectivity ± 0.03%
Products &

 by-products
Catalyst 

selection &

cycle

Kinetic Modeling and Experimentation

Additional purification steps

Reaction 

kinetics, 

modelling & 

scale-up
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REVERSE WATER GAS SHIFT SOLUTION

CarboVerseo TM

› Technology commercialized

› Simple Process scheme

› Optimized conversion & CO 

selectivity

› Fully electrified

› Robust technology selection

› Industrial ready catalyst

K E Y  F E A T U R E S
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TRL SUMMARY

TRL 9

Already industrial
Lower cost and CAPEX
Limited resources in a 
close future

TRL 7-8

First industrial project in 
discussion
Various Demo in operation
Larger amount of feeds
FT/upgrading proven 
technologies

High CAPEX

TRL 7 on 2G Alcohol 
production stage 

TR 8 on Jetanol process 
highly selective

Medium CAPEX

TRL 6-7

RWGS still under 
Derisking stages

High CAPEX
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CONCLUSIONS AND FINAL THOUGHTS

MARKET / PRICE / AVAIBILITY
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AVAIBILITY OF SAF ACCORDING TO PATHWAYS

❑ EASA (European Union Aviation Safety Agency) referential of SAF prices (to allow 
calculation of penalties) 
❖ HEFA kero approximatively the price of UCO

❖ Baseline fossil Kerosene : 734 €/t

❖ SAF : 2085 €/t

❖ E-fuels : 7695 €/t

https://www.easa.europa.eu/en/downloads/141675/en

Price

Industrial accessibility 
(CAPEX, OPEX, feedstock 
access, operation difficulty, 
yield efficiency..)

HEFA 
route

BtL

e-BtL*

E-SAF

ATJ

Already a “reality” – should reach 
a cap rapidly, ca 2030-2035..

First projects under 
commercialization / kick-
off (2025-2035)

To be launched (expected 
2035-2040)
MTJ / RWGS+FT

2G EtOH

ATJ 1G EtOH
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SOME R&I PERSPECTIVES

➢  Hydrogen incorporation to adjust H2/CO ratio before FT synthesis
▪ Suppressing WGS in BtL chains
▪ Carbon yield improvement depending on technologies

➢  RWGS maturity
▪ Allow to convert most of the bio-carbon
▪ Sensitivity to impurities
▪ Integration in productions chains
▪ ..

➢  Improving FT selectivity : catalyst, reactor, process

➢  Improving catalysts activity in all the routes: minimize catalyst consumption, allow re-use 
(catalyst regeneration…), maximize cycle length..

➢  To be continued
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www.ifpenergiesnouvelles.com

@IFPENinnovation

Find us on:
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