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Basic Concept Project Progress Summary

& Outlook 
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Motivation – GHG in Transport

§ Transport/shipping sectors is a “problem child” in terms of GHGE in the EU
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Motivation - Project Overview
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Key Performance Indicators Target
Carbon utilization > 33 %
Energetic fuel efficiency > 55 %
Fuel cost < 0.7 €/l
CO2 emissions < 0
Cold gas efficiency > 82 %
Carbon conversion > 98 %

Highlights
§ Duration: 11/2018 – 03/2023
§ Budget: 4.99 M€
§ Development of concept for production of 2nd

generation biofuels based on chemical looping 
gasification of biogenic residues

§ Advancement of novel gasification, pre-
treatment and gas cleaning technologies

§ Scale-up of all associated technologies to 
200 MWth

§ Technical, socio-economic, and environmental 
investigation of full process chain, allowing for 
net-negative CO2 emissions
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Concept – Basic Technology Description
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Optimization based on requirements of down-stream unit

Optimization based on overall process requirements

Efficient and cheap production on 2nd generation biofuels. 



Concept – Chemical Looping Gasification
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§ Feedstock gasification with H2O/CO2 assisted by solid phase oxygen
§ Circulation of MexOy for oxygen & heat transport between reactors 
§ No air separation required à cost-efficient 
§ CO2 concentrated in syngas à facilitation of net negative CO2 emissions
§ Tar cracking/conversion on MexOy surface

§ Oxygen carriers: Fe2O3/Fe3O4, Fe2TiO5/FeTiO3

§ Low 𝜆 (~0.3 - 0.5) to achieve partial biomass oxidation à formation of synthesis gas
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Project Progress - Technology Development
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Biomass Pre-
Treatment

Lab

Pilot

Industry
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Chemical Looping 
Gasification

300 W

1.5 - 100 kW

1 MW

Gas Cleaning

Concept

Demonstration

Lab-Tests
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Project Progress - 1 MW Full-Chain Tests

7

§ Investigation of full process in 1 MWth pilot scale at TUDA 
§ Industry-like conditions for pre-treatment, gasification & gas cleaning concepts 
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CLG Plant (TUDA)

Gas Treatment Plant (TUDA)

Raw 
Gas

FT-Synthesis Rig (RWE)

Syngas
liquid FT-
products

Gas Cleaning Test Rig (RWE)

Sour 
Gas

Biomass 
Pellets

TUDA Site
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Technology
Development

Optimization

Project Progress - Process Design, 
Optimization & Scale-Up
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Process Design

§ Scale up of all technologies to 200 MWth

§ Technical, socio-economic, and environmental 
investigation of full process chain incl. risk 
analysis

Heat & Mass 
Balances

Scale-Up Design Specs

Operational 
Experience
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Full-Chain Tests
Adaption Strategies



Summary & Outlook

§ Novel Biomass-to-Liquid (BtL) process chain based on chemical looping 
gasification

§ Individual technologies have been analyzed in lab & pilot scale
§ First 1 MWth full-chain test pending (Q1 2022)
§ Upscaling of all relevant technologies by Q4 2022
§ Techno-economic assessment of entire BtL chain by Q1 2023
§ Techno-socio-economic risk evaluation of all technologies by Q1 2023
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Stay Connected
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Social Media

Ø Receive updates 
on social media!

Newsletters
Newsletter IV, October 2020 
 
 

 
 

  

 

 

 

 

 

CLARA is a Horizon 2020 project, funded by the EU, involving 13 partners from across Eu-
rope, which aims at developing an efficient technology for the production of 2nd genera-
tion liquid biofuels based on chemical looping gasification (CLG) of biogenic residues. 

 
 
The de-carbonization of the transport sector is a key factor for to achieve significant reductions in greenhouse gas emissions that are 
required to prevent a surge in global average temperatures, exceeding the 1.5 °C Paris Agreement threshold. To tackle this issue, the 
large-scale deployment of biofuels, in addition to electrification and the increased deployment of rail transport, is necessary. Therefore, 
substantial advances in renewable fuel generation, not affecting food availability and prices, are required. One route to achieve these 
objectives is the synthesis of advanced biofuels through thermochemical conversion of biomass-based residues. Within the scope of 
CLARA, an efficient technology for the production of liquid fuels based on chemical looping gasification (CLG) of biogenic residues is being 
developed. The major objective is to further investigate and test CLG up to 1 MWth scale in an industrially relevant environment, elevat-
ing the process to market maturity. Furthermore, the project aims at devising and optimizing innovative, cost-efficient technologies for 
biomass pre-treatment and syngas cleaning. These novel process steps will be supplemented by established fuel synthesis technologies 
(e.g. Fischer-Tropsch process), yielding the full biomass-to-biofuel process chain. 

 
 

_______________________ 
 

Project Results 
______________________ 

 
Getting to Know the 

 Partners – RWE 
______________________ 

 
Dissemination Activities 

______________________ 

 
 
 More than 350 hours of continuous CLG operation have been completed in bench in lab scale units, providing insights on process 

control strategies, process efficiency, and the merit of different oxygen carrier materials for large-scale CLG operation. 
 A pre-treatment concept, allowing for the efficient utilization of wheat straw in CLG, which is being developed under the lead of 

CENER, is on the verge of finalization. First feedstock samples produced by this concept will be tested in small-scale CLG units shortly. 
 Research at RWE yielded a more detailed understanding of the basic principle of sulfur recovery from sour gases by means of H2O2, 

which is the core element of the novel syngas cleaning concept, substantially reducing biofuel production costs (  see next page). 
 The TUDA pilot plant has been extended by a syngas-treatment unit, allowing for downstream processing of up to 200 Nm3/h raw 

syngas produced in the pilot scale gasifier. 

A detailed summary of all projects results can be found in the second public report! 

Chemical Looping Gasification  
for Sustainable Production of 

Biofuels 
 WHAT IS CLARA? 

ABOUT THE PROJECT 

ON THE INSIDE 

PROJECT RESULTS 

Ø Read our 
biannual 
newsletters
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Website

Ø Cross-link your projectØ Visit website!



Consortium & Funding
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Funded by the Horizon 
2020 Framework 

Programme of the 
European Union
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This project has received funding from the European Union’s Horizon 2020 research and innovation programme
under grant agreement No 817841



Thank you for your attention!
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