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World Energy Consumption / Regions

Source: BP 
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Today Future 2001 
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1st Generation Biofuels
Biodiesel Plants

Lurgi: 70 Biodiesel Plants

Good 
logistics

Multi-
feedstock

plants

Multifeedstock, trends integration of oil pressing an d extraction. 
Utilisation of by-products: glycerin “Challenging times for biodiesel”

Other treatment path -> 1.5 Generation: hydrotreati ng of oils and fats
for the production of “green diesel”
Product with high cetane number, low CFPP. Low grade  feedstock is possible.
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Potential for Biofuels from Biomass
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World energy consumption 2005 ~ 240.MBDOE  - Biomass ~ 10%
World energy consumption 2050 ~ 380.MBDOE  - Biomass utilized realistically ~ 30%

- Energy from renewable resources can be increased from 
~10% today to ~30% by 2050 

Source for Biomass potential: Utrecht University Faaji 2006

MBDOE
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Trends in Passenger Car Emissions
How to Reduce CO2-Emissions ?

Example Germany

Source: FNR



6

Fuel Production Technologies

Refinery UpgradingCrude Oil Conventional 
Fuels

Conventional fuels / Green Diesel

Biomass
Gasification

Syngas 
Production

Synfuels
“equivalents”

Methanol

DME

Methanol

DME

UpgradingFT FT-Synfuel

Synfuels

Nat. Gas

Vegetable Oils 

Reforming

Hydrotreating
Isomerisation

Hydrogen

HydrogenRefinery 
Resids

Green Diesel

Coal 

Natural Gas

H2 as fuel in 
future

SNG



7

2. Generation Biofuels: 
Bioliq: „The thermo / chemical route“

Fast
Pyrolysis

Fast
Pyrolysis

Biomass

Chemicals /
SynfuelsHigh

Temp.
Gasifi-
cation

High
Temp.
Gasifi-
cation

Gas
Cleaning

Gas
Cleaning

MethanolMethanol

Synfuels
Fischer
Tropsch
Fischer
Tropsch

Refinery Residues

Decentralized Bio Syncrude
Production

Preferably from agricultural 
by products / energy plants

Centralized Synfuels Production

Preferred location in existing 
Refineries

Bioliq-Process: Joint Development by FZK *) / Lurgi  and sponsored by FNR*)
R

*) FZK: Forschungszentrum Karlsruhe
**) FNR: Fachagentur für Nachwachsende Rohstoffe

Storage & Transport

H2S

CO2 Removal in Rectisol wash:
Negative CO2 concept for biomass utilisation

CO2

-SNG; 
-DME; 
-Hydrogen
-Green Power
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Pyrolysis Process of Lurgi / FZK
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Source: FZK

Coke

The Lurgi flash-coker

Development together with 
Forschungszentrum Karlsruhe
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Results Fast Pyrolysis Process of 
Lurgi / FZK-Plant

Converting different types 
of waste Biomass to

“Bio Syncrude”

Source: FZK
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Slurry mixed with Pyrolysis coke

� Joint grinding of pyrolysis oil and 

coke give pump able/ storable 

slurry

� Energy concentration from 

biomass to slurry by factor 13

� ca. 80% of the energy content of 

the biomass is contained in the 

slurry

+

HHV: 17 MJ/kg                           35 MJ/kg         16 MJ/kg    22 MJ/kg

Straw
Char SlurryCondensate

Source: FZK
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Process heat

Gas

Fast  
Pyrolysis

Engine

Upgrading

Charcoal

Liquid

Co-firing

Boiler

GASIFICATIONGASIFICATION

Chemicals

Charcoal 
applications

Heat

Electricity

Transport 
fuels etc

Pyrolysis heat

Bio-Oil / BioSyncrude a valuable intermediate

Applications of BioSyncrude

Sources:  IEA Bioenergy: T34:2007:01 

& Lurgi
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BioSyncrude

FT-Fuels/ 
MeOH/

Chemicals…

FT-Fuels/ 
MeOH/

Chemicals…
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Synthetic Fuels from Biomass Pyrolysis Plant

� Bioliq Technology under Development with FZ-Karlsruhe 
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Entrained Flow Gasification

MPG Multi Purpose Gasifier with cooling screen
� Commercially proven technology for refinery residues
� Further development: Integration with LR Coker for gasification of 

BioSyncrude
� Gasification with O2, suitable for high ash feedstock's, 1200 °C & high 

pressure, tar free Syngas.

Feedstock Flexibility

-No limitations on Flash
Point of Feedstock

-Allow high Viscosity 
-Particles up to 1 mm
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Multi Purpose Gasification – Syngas production

Downstream Synthesis

H2/CO/CO2

IGCC

Refinery

Petrochemicals

Synfuels Fertilizer SNG
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Energy and mass balance

7.5 t Wood or Straw with 15 wt.% H 2O

5.4 t Condensate/char - slurry 
plus ~ 1,8 t O 2

1.2 t FTS-raw products

1 t Synthetic fuel

~ 40 %  C 5+ FTS - Produkte
Synfuel ...

~ 5 % valuable
C5-products

Lignocellulose 100 %

Schnellpyrolyse ~ 3 %

Kondensat/Koks – Slurry 
~ 90 %

Flugstrom-
Druckvergasung ~ 3 %

~ 13 %

ReaktionswärmeSynthese-Rohgas 
Synthese-Reingas

~ 76 %

FT- Synthese

FTS - Reaktionswärme

~ 18 %

~ 6 %

~ 5 %

nicht umgesetztes Syngas
Syntheseprodukte

~ 51 %

~ 1 %

~ 1 %

~ 1 %

C5- - ProdukteTrennung

Lignocellulose 100 %

Fast pyrolysis

~ 7 %

~ 3 %

Condensate/char – Slurry
~ 90 %

Entrained -
flow gasification ~ 3 %

~ 13 %

Heat of reactionSynthesis-raw gas
Synthesis-clean gas

~ 76 %

FT- Synthesis

Heat of reaction

~ 18 %

~ 6 %

~ 5 %

Not converted Syngas
Synthesis products

~ 51 %

~ 40 %  C 5+ FTS - Produkte
Synfuel, waxes, olefines...

El. Power and 
HT steam: 

~ 42 %
Heat losses:
Sum ~ 6 %

~ 1 %

~ 1 %

~ 1 %

C5 - Products

C5

Separation

Co-production of:
chemicals, steam, electricity

Source: FZK
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Synthetic Fuels from Biomass

� A Major Issue – Energy Density

How to design the
logistics of 
Large-scale plants ?

Model shows the 
volume of different 
materials which is
equivalent to 1 ltr of 
petrochemical oil
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regionale Pyrolyse- Anlagen

Zentraler
Central syngas and 

fuel production

The Slurry Gasification Concept

25 km

Regional intermediate fuel production

250 km

Transportation
Radius

Energy density
[GJ/m 3]

Straw: ~1.5-2

Slurry: ~20

Diesel: ~36

Distributed biomass

or
Overseas!

Energy plants worldwide

Source: FZK
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Forschungszentrum Karlsruhe
in der Helmholtz-Gemeinschaft

Supply region of 
de-central pyrolysis

Centralized
gasification and synthesis 
Bio-Synfuels production

Synfuel potential as an example for Germany

Approx. 5 Mio. tpy Synfuels
from excess straw and wood waste

Zentralized / dezentralized Biofuels concept

Source KIT/FZK 2009
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Current state of bioliq pilot plant

Fast pyrolysis

BioSyncrude gasification

bioliq I

bioliq II

bioliq III

Construction 
stage

Operation of complete bioliq plant

Transportation fuel

~2012

2008

Synthesis gas cleaning and conditioning 

& MeOH

bioliq IV
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Key factors for BTL-success

Secured long-term framework for BTL

May be a combination of: 

1. Tax exemption for biofuels

- Retailers are exempted from CO 2 fee and mineral oil fee 
in accordance with blending ratio

2. Direct investment support

3. Retailers’ obligation / certificates

- Retailers are obliged to blend x% biofuels in conve ntional diesel
- Penalty fee if obligation not met

4. Obtain credit for higher CO 2 avoidance for BTL

Biomass to Liquid - Critical Success Factor: 

Need for internationally harmonisation of:
Tax regulations
Import and export conditions
Sustainable production regulations
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In future BTL will be the sustainable alternative f or oil, gas and coal to 
reduce CO 2 in transport sector

Feedstock availability, energy efficiency and land use are the drivers 
towards Biomass-to-Liquid Technologies

BTL Technology will be based on widely proven proce ss steps

BTL can become mainstream if several parameters  me et 
simultaneously. Need to be:

- Cleaner – clear life cycle benefits

- Tangible – soon i.e., by 2015
- Independent – should not be in competition and inde pendent to 

e.g. food production, electricity production via bi omass

BTL will complete the overall fuel mix together wit h 1st Generation Biofuels in 
future

Summary
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