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State of the Art Fast Pyrolysis

• Equipment available at 
TRL 9 for wood (residues)
• TRL 6-7 for other residues

(such as e.g. straw)

• Main product bio-oil
(FPBO) is:
• TRL 9 and standardized for

use in industrial boilers
(ASTM 7544/ EN 16900)

• TRL 8 for co-processing in 
petroleum refineries (FCC)

• TRL 6 as gasification fuel
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Data from: IEA Bioenergy Inter-Task Project on High Temperature Heat for Industry “Industrial heat 
case study 3: Process steam in a dairy factory via fast pyrolysis bio-oil” (2020), www.ieabioenergy.com 

http://www.ieabioenergy.com/
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State of the Art Hydrothermal Liquefaction (HTL)

• Equipment currently being
demonstrated at TRL 6-8
• for wood (25000 tpa)

• and wastewater sludge
(4000 tpa)

• Main product bio-oil is
typically considered for
upgrading
• TRL 6-7 for co-processing

in petroleum refineries

• TRL 4-5 Stand alone
hydrotreatment to produce
e.g. SAF
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Development of Commercial Units

• Significant production capacity for FPBO, HTL still emerging
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IEA Bioenergy Task 34 Report “Commercial status of direct thermochemical liquefaction technologies” (2020, 2023),
task34.ieabioenergy.com/dtl-commercialization-report, task34.ieabioenergy.com/commercial-status-of-dtl-technologies

https://task34.ieabioenergy.com/dtl-commercialization-report/
https://task34.ieabioenergy.com/commercial-status-of-dtl-technologies/
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Contribution of Fast Pyrolysis to Net Zero Emissions

2050Transition (2030-2040)Today
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Carbon Dioxide Removal (CDR)
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Contribution of Fast Pyrolysis to Net Zero Emissions

Co-refining to produce Advanced Biofuels (TRL 7-8)
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IEA Bioenergy Task 34 Success Story 
“Biobased gasoline from sawdust via pyrolysis oil and refinery upgrading” (2021),
task34.ieabioenergy.com/success-story-2021 

https://task34.ieabioenergy.com/success-story-2021/
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Gasification of fast pyrolysis bio-oils

• Low risk option, technically little challenge
→ can be integrated into existing (refinery) processes

• Certain advantages
(economy of scale, pressurization, removal of inorganics)
→ commercial viability is main challenge

• Standards are still missing

IEA Bioenergy Task 34 Report “Gasification of Liquids derived from Direct 
Thermochemical Liquefaction” (2023), task34.ieabioenergy.com/dtl-oil-gasification-2 

https://task34.ieabioenergy.com/dtl-oil-gasification-2/
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Contribution of Fast Pyrolysis to Net Zero Emissions

Co-refining to produce Advanced Biofuels (TRL 7-8)

2050Transition (2030-2040)Today
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Marine fuels via catalytic pyrolysis/ upgrading (TRL 7)
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Material use of bio-oil fractions

• For HTL, aqueous phase is main focus
• Variety of concepts investigated

• Currently at low to medium TRL

• Fast pyrolysis bio-oil fractionation has been
developed to high TRL for varying applications

• Pyrolytic sugars, pyrolytic lignin, aqueous phase, etc

IEA Bioenergy Task 34 Report 
“Production of Chemicals and Materials from Direct Thermochemical Liquefaction” (2024), 

task34.ieabioenergy.com/production_chemicals_and_materials_from_dtl 

Webinar 
recording:

Webinar 
recording:

https://task34.ieabioenergy.com/production_chemicals_and_materials_from_dtl/
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Contribution of Fast Pyrolysis to Net Zero Emissions

Co-refining to produce Advanced Biofuels (TRL 7-8)

2050Transition (2030-2040)Today

Process Heat >1 MWth (TRL 9)

Advanced Biofuels via Gasification (TRL 6)

Residential heat/ CHP <200 kWth (TRL 7)

Material Use of Bio-oil Fractions (TRL 2-6)
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Marine fuels via catalytic pyrolysis/ upgrading (TRL 7)
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CO2 removal and biochar

• Capture of CO2 will lead to
carbon negative bio-oil

• Further carbon emission
reduction possible with
biochar recovery

• Affects heat supplied to
external offtake

• CHP unit not feasible

• Self-sufficient pyrolysis
process still possible
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IEA Bioenergy ITP Report “BECCS in Bio-Based Value Chains – 
Direct Thermochemical Liquefaction Technology Options” 

(unpublished, planned for 2025)
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Contribution of Fast Pyrolysis to Net Zero Emissions

Co-refining to produce Advanced Biofuels (TRL 7-8)

2050Transition (2030-2040)Today

Biochar Carbon Sequestration (TRL 6/9)

Process Heat >1 MWth (TRL 9)

Advanced Biofuels via Gasification (TRL 6)

Residential heat/ CHP <200 kWth (TRL 7)

Material Use of Bio-oil Fractions (TRL 2-6)

Lock-in risk minimization as
real commodity1 for all key areas
(CHP, biofuels, BECCS/ CDR).

Available for wood at TRL 9 and
demonstrated for residues at TRL 6-7

Social acceptance through decentralized solutions for biomass residues to produce tradeable commodities1
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Marine fuels via catalytic pyrolysis/ upgrading (TRL 7)

1IEA Bioenergy Task 43 ‚To be or not to be a biobased commodity‘ DOI 10.18174/562461
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Summary

• Fast pyrolysis is a mature technology
• Direct use as boiler fuel

• Installed capacity of ~170k tpa

• Hydrothermal liquefaction shows highly dynamic development
• Commercial demonstration units currently being commissioned

• High liquid yield, also efficient for sludges/ high moisture feedstocks

• Both provide strong support for energy transition
• Varying direct use of wood based fast pyrolysi bio-oil has been developed

• Enable de-coupling biogenic residue supply and fuel use locations

• Produce relevant bio-based commodity for all anticipated hard-to-abate sectors
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Thank you for your attention

Axel Funke

axel.funke@kit.edu

Sign up for the
PyNe newsletter
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