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Biomass to 2G Biofuels and Bio-products   
Processes developed at IFPEN: an overview

Journée J3P
Procédés pour la bioraffinerie : 

enjeux et avancées 

A. Quignard, Nancy,  9 Juin 2015
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Ligno-cellulosic Biomass Availability

Map by Robert Simmon, based on data from the MODIS Land Cover Group, Boston 
University.

� Abundant & Affordable resources all around the WorldAbundant & Affordable resources all around the WorldAbundant & Affordable resources all around the WorldAbundant & Affordable resources all around the World
� 2G biomass at a lower cost than 1G feed without competition with food2G biomass at a lower cost than 1G feed without competition with food2G biomass at a lower cost than 1G feed without competition with food2G biomass at a lower cost than 1G feed without competition with food
� SustainableSustainableSustainableSustainable biomassbiomassbiomassbiomass avialabilityavialabilityavialabilityavialability in 2030:  1,5 to 2 in 2030:  1,5 to 2 in 2030:  1,5 to 2 in 2030:  1,5 to 2 GtepGtepGtepGtep (IFPEN (IFPEN (IFPEN (IFPEN studystudystudystudy))))
� 2G Biofuels: 2G Biofuels: 2G Biofuels: 2G Biofuels: 

� a viable alternative to protect the a viable alternative to protect the a viable alternative to protect the a viable alternative to protect the environment environment environment environment : ~  : ~  : ~  : ~  ---- 60 to 60 to 60 to 60 to 95% 95% 95% 95% GHG emission v/s GHG emission v/s GHG emission v/s GHG emission v/s fossil fossil fossil fossil 
� a credible alternative for the industrial fuels and chemicals marketsa credible alternative for the industrial fuels and chemicals marketsa credible alternative for the industrial fuels and chemicals marketsa credible alternative for the industrial fuels and chemicals markets

� But But But But 
� 2G Biofuel production remains a scientific,  technical & industrial challenge2G Biofuel production remains a scientific,  technical & industrial challenge2G Biofuel production remains a scientific,  technical & industrial challenge2G Biofuel production remains a scientific,  technical & industrial challenge
� Only at an early Only at an early Only at an early Only at an early stage of industrialization for a few processesstage of industrialization for a few processesstage of industrialization for a few processesstage of industrialization for a few processes
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Fermentiscible sugar
extraction 

Alcoholic Fermentation Bioethanol

(HHV éthanol ≈ 30 MJ / kg1)

Temperature (oC)

< 100

1400

700

500

300

Syngas

(CO, H2, CO2, CH4)

Fischer-Tropsch Synthesis
(HHVHC ≈ 44 MJ / kg4)

Gasification

Bio-chemical Route with Enzymatic Hydrolysis

3[Kleinert et al., 2008]1[Huber et al., 2006]
2[Goudriaan et al., 2000] 4 [Norton et al., 1998]

(Oxygen : 40-45 %pds1)

(HHV : 16-19 MJ / kg1)

Thermo-chemical Liquefaction
Upgrading

Fast Pyrolysis
(HHV Bio-oil≈ 18-20 MJ / kg1)

Liquéfaction under P + solvent

(Water2, alcools, formic acid, salts)

Thermo-Catalytic conversion

Cat. Pyrolysis, Hydropyrolysis, …

���� No with competition with foodNo with competition with foodNo with competition with foodNo with competition with food
���� Uses the full plantUses the full plantUses the full plantUses the full plant

2G Biofuels Development in IFPEN 

BlendBlendBlendBlend withwithwithwith
GasolineGasolineGasolineGasoline

BlendBlendBlendBlend withwithwithwith Jet Jet Jet Jet 
Fuel Fuel Fuel Fuel / / / / DieselDieselDieselDiesel

Agricultural (Agricultural (Agricultural (Agricultural (strawstrawstrawstraw) ) ) ) 
&agricultural/&agricultural/&agricultural/&agricultural/forestforestforestforest

residuesresiduesresiduesresidues

DedicatedDedicatedDedicatedDedicated cropscropscropscrops
((((FFFFastastastast GGGGrowthrowthrowthrowth

CCCCoppicesoppicesoppicesoppices))))
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G1

2015 2020 2030

Biodiesel
EtOH

cellulosic EtOH

BXTL (gasification)

Biojet from veg oil

Other pathways (APR, Butanol...) ?

Algae ?

Road Map for Biofuels Incorporation

Pyrolysis+upgrading

B
io

fu
el

%
 in

 fu
el G2

Dedicated
lignocellulosic
crops & 
lignocellulosic
wastes

G3

starch, sugar, 
lipids
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Pilot Plant 1t/j POMACLE 
BAZANCOURT Bio-refinery site

2G Ethanol Futurol Project

Prototype Futurol100t/j (Bucy le long)
Under construction
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2G Ethanol Futurol Project
� ObjectiveObjectiveObjectiveObjective : to develop a 2G Ethanol process from ligno-

cellulose from agricultural & forest  co-products or 
dedicated crops, for biofuels & chemicals

� 11 11 11 11 partners/leaderspartners/leaderspartners/leaderspartners/leaders
� R&D (4 ~100 researchers &  engineers) 
� Industry (4)
� Finance (3) 

� UpUpUpUp----scaling 2015scaling 2015scaling 2015scaling 2015----2016201620162016
� Commercialization from 2016 by Commercialization from 2016 by Commercialization from 2016 by Commercialization from 2016 by AxensAxensAxensAxens

Agriculture/Forest Residue

Dedicated Crops

PRETREATMENT

Pretreated

Biomass

ENZYMATIC

HYDROLYSIS fermentable

substrates

FERMENTATION

DISTILLATION

ETHANOL

Yeasts

ENZYMES

Micro 

organisms
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OA – Futurol – 21/08/20147

2G Ethanol Futurol Project
Process commercialization by Axens



©
 2

01
3 

-
IF

P
 E

ne
rg

ie
s 

no
uv

el
le

s

8

2G Biojet fuel & biodiesel BTL Project
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� Objective  Objective  Objective  Objective  
� to develop a flexible, competitive , 

environmental friendly and robust full 
BTL process centered on 2G biojet fuel 
& biodiesel process 

� from ligno-cellulose from agricultural & 
forest  co-products or dedicated crops

� An outstanding partnership between An outstanding partnership between An outstanding partnership between An outstanding partnership between 
R&D, licensors & fuel/ biofuel R&D, licensors & fuel/ biofuel R&D, licensors & fuel/ biofuel R&D, licensors & fuel/ biofuel 
producersproducersproducersproducers
� Axens, CEA, IFPEN,  Avril (ex 

Sofiprotéol), ThyssenKrupp, Total
� DemoDemoDemoDemo (70 (70 (70 (70 tpdtpdtpdtpd feedfeedfeedfeed))))

� Dunkerque Total site + Avril Venette 
� Under construction 2015 / Starting 2017

2G Biojet Fuel & Biodiesel BioTfueL project
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3 t/h

Lab
o 

FT

Avril Compiègne/Venette Total RM France (DK site)

Gasifier WGS AGRTorrefaction FT

15 MWth 200-1000 Nm3/h

D
em

on
st

ra
tio

n
BioTfueL R&D project feature
2 demo on 2 different sites

Multiple scale Demo plants

Multi-scale unit to:

� obtain scale-up rules

� validate  several process configurations

� Be applied for industrial cases
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� Objective Objective Objective Objective 
� to develop a flexible, competitive , environmental friendly and robust full Bio-oil / Bio-

crude upgrading  process to produce 2G biofuels (gasoline, jet fuel & diesel) from 
pyrolysis bio-oils (demonstrated at industrial level),  or bio-crudes, issued from ligno-
cellulose from agricultural & forest  co-products or dedicated crops

� Development of a new 2 stages upgrading process with a low HDevelopment of a new 2 stages upgrading process with a low HDevelopment of a new 2 stages upgrading process with a low HDevelopment of a new 2 stages upgrading process with a low H2222 consumptionconsumptionconsumptionconsumption

2G Biofuels CLHUB project

Biomass

10 % H2O (1)

40-45 % O
45-50 % C

5-7 % H

(1) Biomass feed for fast pyrolysis typically dried at 10%

BioOil

15-25 % H2O
35-45 % O
40-50 % C

5-7 % H

100-200 TAN

Upgraded Product

no H2O
no O
86-87 % C
13-14 % H

TAN < 2

Catalytic Low Hydrogen Upgrading of BioOils
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� Partnership : : : : Axens, Dynamotive, IFPEN
� End of R&D: 2020
� Industrialization: from 2022

� CLHUB Process advantages
� Logistical (transporting liquid products) advantages
� High 2G-Biofuel yield v/s biomass and v/s existing Biomass to Biofuel processes

1
Ton 300LBiomass

10% Moisture
Fuel Mix 
Gasoline, Jet, Diesel

Pyrolysis 
+ CLHUB

Autoclave
~ 1/10,000,000

Small Pilot Plant
~ 1/100,000

Medium Pilot Plant
~ 1/10,000

Industrial Plant
1/1

500-2,000 T/D 

2G Biofuels CLHUB project
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Industrial 2G is taking off ! 

Source : données IFPEN / 2015

Beta Renewables  - 40 kt/an

Biochimical route
Thermochemical route
Pyrolysis

Borregaard - 15 kt/an

GraanBio - 60 kt/an

Raizen - 33 kt/an

ABENGOA – 71 kt/an

DuPont - 89 kt/an

POET / DSM - 67 kt/an

Enerkem – 29 kt/an

INEOS Bio - 23 kt/an

Tembec - 10 kt/an

Fiberight - 11 kt/an

UPM - 100 kt/an

Shengquan – 25 kt/an

ShandongSINOPEC– 10 kt/an

Fortum– 50 kt/an 

KiOR – 40 kt/an 

Empyro BV – 25 kt/an 

Built/Under Construction World Capacities > 10 000 t/y 
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NE PAS DIFFUSER A L’EXTERIEUR D'IFP Energies nouvelles.14

Future: a high growing Market for Chemical 
Intermediates & bio-monomers & polymers
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NE PAS DIFFUSER A L’EXTERIEUR D'IFP Energies nouvelles.15

Acetic acid (14)
PTA (40)

Chemicals/Bio-Chemicals: a lot of products
and final markets:  ~400 Mt/y in 2010

PRIMARIES

Adhesives

Detergents & Soaps

Fertilizers

Explosives

Film & Fibers

INTERMEDIATES END-USE PRODUCTS

Paints & Coatings

Pesticides & Herbicides

Pharmaceuticals

Polymers/Resins

Rubers & Elastomers

Solvents & Cleaning agents

Vinyl Chloride
Ethylene dichloride (13)
Ethylene glycol (20)
Ethylene oxide (14)

Me Methacrylate (3)

Maleic anhydride (1,4)
Phtalic Anhydride (4.1)
Acrylonitrile
Styrene (4.6)
Phenol (8.1)
Formaldehyde (40)

Toluene di-isocyanate
Acetone (5.5)

Ethylene (122)

Propylene (75)

Butenes (26)

Butadiene (11)

Benzene (43)

Toluene

p-Xylene (30)

o-Xylene

m-Xylene

Naphthalenes

Ammonia (160)

Methanol (45)
Natural gas

Petroleum

Coal

Source : CMAI2011, IHS2011, IFPEN2011

Propylene oxide (6,8)

Ethyl Benzene (7,3)

Hydrogen ()

Alpha-olefins (~1,5)

SRef

SC

Ref

FCC

Coker
Biomass
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NE PAS DIFFUSER A L’EXTERIEUR D'IFP Energies nouvelles.16

• Performances 
• Ethanol  from different sources including 1G/2G bio -

EtOH with variable purity level (water, impurities)

• Suitable for PE, PS, PET, PVC & ABS

• Carbon yield from ethanol to ethylene near to max .  
thermodynamic yield

• Lower specific consumption (/t C2=) than competitor  
dehydratation processesn & about half the fossil fuel  
(steam cracking) specific consumption 

• Partnership since 2011 
• Total-Feluy: high performances catalyst formulation

• IFPEN: catalyst scale-up + heat recovery innovation

• Axens: catalyst industrialization ATO 201 +  process  
finalization optimizing the energy efficiency

• Industrialization 
• Ready,  1 st of technologies for the production of other 

olefinic monomers from bio-derived higher alcohols

• Proposed for commercialization since 2014
• Currently mainly dedicated to MEG (Mono Ethylène 

glycol) production to be used in PET (1G & 2G mode)

• -50% energy consumption v/s competitors

• Linked to C2= and EtOH market price (no subsidies)

ATOLTM PROCESS (patent WO 2013/011208)
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NE PAS DIFFUSER A L’EXTERIEUR D'IFP Energies nouvelles.17

BioButterfly Project: Butadiene
production to SBR/PBR market

• Objective 
To develop a sustainable alternative to bio-butadie ne for a future bio-sourced synthetic rubber and ti re industry (60% of 
global butadiene output for the tire industry)

Producing competitive bio-butadiene with low invest ment costs

Reducing environmental impacts (GHG) across the ent ire production chain, compared with fossil fuels

Manufacturing high-performance synthetic rubber and  adapting the process to all uses of bio-butadiene

• Partnership
Pooling the strengths/skills of the 3 players: R&D,  Licenser & Industry, from scientific concept to in dustrial demonstration

• Industrialization: from 2020
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Bio-Aromatics by CFP: Anellotech / 
Axens / IFPEN Alliance
� Direct BTX  production process from Direct BTX  production process from Direct BTX  production process from Direct BTX  production process from lignolignolignoligno----

cellulosic biomass through Catalytic Fast cellulosic biomass through Catalytic Fast cellulosic biomass through Catalytic Fast cellulosic biomass through Catalytic Fast 
Pyrolysis (CFP)Pyrolysis (CFP)Pyrolysis (CFP)Pyrolysis (CFP)

� AnellotechAnellotechAnellotechAnellotech ::::
� US StartUS StartUS StartUS Start----up founded in 2008up founded in 2008up founded in 2008up founded in 2008
� Develops the CFP process based  on Prof Develops the CFP process based  on Prof Develops the CFP process based  on Prof Develops the CFP process based  on Prof 

Huber  laboratory work (Huber  laboratory work (Huber  laboratory work (Huber  laboratory work (UnivUnivUnivUniv Mass) at lab & Mass) at lab & Mass) at lab & Mass) at lab & 
pilot plant level on Pearl River Sitepilot plant level on Pearl River Sitepilot plant level on Pearl River Sitepilot plant level on Pearl River Site

� IFPEN :IFPEN :IFPEN :IFPEN :
� Main contribution in continuous pilot plant Main contribution in continuous pilot plant Main contribution in continuous pilot plant Main contribution in continuous pilot plant 

(PS3) design, pilot start(PS3) design, pilot start(PS3) design, pilot start(PS3) design, pilot start----up , hydrodynamic up , hydrodynamic up , hydrodynamic up , hydrodynamic 
studies, and process scalestudies, and process scalestudies, and process scalestudies, and process scale----up  to Demo up  to Demo up  to Demo up  to Demo 
plant/industrial unit plant/industrial unit plant/industrial unit plant/industrial unit 

� Axens :Axens :Axens :Axens :
� Industrial development, White Process Book , Industrial development, White Process Book , Industrial development, White Process Book , Industrial development, White Process Book , 

Marketing & licensing, Basic engineering, startMarketing & licensing, Basic engineering, startMarketing & licensing, Basic engineering, startMarketing & licensing, Basic engineering, start----
up servicesup servicesup servicesup services

Continuous Pilot Plant (DS3)  to be Continuous Pilot Plant (DS3)  to be Continuous Pilot Plant (DS3)  to be Continuous Pilot Plant (DS3)  to be 
installed on Pear River site in Aug. 2015installed on Pear River site in Aug. 2015installed on Pear River site in Aug. 2015installed on Pear River site in Aug. 2015

18
Technology expected  to be ready for industrial imp lementation in 2019
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Bio-Aromatics : A low cost process 
for “drop in” green aromatics

Large consumer 

markets

• Packaging

• Automotive

• Apparel

Low Cost 

Feedstocks

• Wood Chips

• Corn Stover

• Palm residues

• Bagasse

Novel Process

• One Reactor

• Economical 

Catalyst

• Benzene, Toluene, 

Xylenes (BTX)

Key Chemicals

• PET

• PS

• PC

• PU

• Nylon

Base 
Aromatics

Desired Green 
Products

Key End Use 
Markets

Non-Food 
Biomass 

ccc
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G1

G2

2015 2020 2030

Biodiesel
EtOH

cellulosic EtOH

BXTL (gasification)

Biojet from veg oil

Other pathways (APR, Butanol...) ?
Dedicated
lignocellulosic
crops & 
lignocellulosic
wastes

Algae ?

To conclude : Biomass to 2G Biofuels processes 
developed at IFPEN

Pyrolysis+upgrading

Vegan

CLHUB

G3

B
io

fu
el

starch, sugar, 
lipids
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G1

G2

2015 2020 2030

EtOH

Cellulosic EtOH

BXTL (gasification)

Other pathways (APR, Butanol...) ?

starch, sugar, 
lipids

Dedicated
lignocellulosic
crops & 
lignocellulosic
wastes

Algae ?

To conclude : Biomass to Bio-products processes 
developed at IFPEN

Cat. Pyrolysis

B
io

pr
od

uc
t

Atol

G3

Biobutterfy

CFP/BTX
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Order of magnitude to remind !!!

Hydroskimming Oil Refinery

• 1 Mt/y crude oil

Shenhua Direct Coal Liquefaction unit 
(China)

• 1 Mt/y low ash Coal (<5%)

Biofuels conversion & upgrading

• 1 Mt/y Biomass (d.b.)

Biochemicals conversion/upgrading

• 1 to 2 Mt/y Biomass (d.b.)

• 600 kt/y (+ 350 kt/y heavy fuel oil)

• 290 kt/y (no residue) (x 3)

• 150-200 kt/y

• 100 to 150 kt/y butadiene or BTX
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