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Project Overview - Motivation  
 • Greater use of renewable energy to stop climate change  

• EC: 10% target of energy used in transport from renewable sources  
• First generation biofuels are environmentally and socially 

unsustainable - leading to higher food prices  
• Need to bring to market advanced biofuels using lignocellulosic 

biomass (non-food competing)  
• Existing conversion routes to produce advanced liquid biofuels, 

whilst scientifically credible, have not been widely successful at 
commercial scale  

• Biochemical processes such as fermentation are slow and poorly 
suited to second-generation (mixed composition, lower cellulose 
content) feedstocks  

• Thermochemical processes such as gasification and pyrolysis are 
more flexible with regard to feedstocks, but cannot be cost 
competitive unless carried out in large centralized facilities  
 



Project Overview  
System Approach  



Project Overview - Goals 
• Demonstrate technical viability and cost-competitiveness of 

bioenergy value chains  
 TCR → PSA → HDO  
• Production of green hydrogen, diesel and gasoline equivalent 

liquid fuels from sewage sludge  
• Validate logistical advantages of the integrated small-scale 

hydrogen separation and purification (PSA) and HDO modules with 
the TCR unit vs. centralized petrochemical infrastructure.  

• Contribute to the Renewable Energy Directive targets for 
renewable energy by validating waste feedstocks for the 
production of fuels  

• Showcase for future sustainable investment and economic growth 
across Europe  

• Development of a business case, LCA and dissemination of results  



Project Overview  
TCR® Technology 



variety of feedstocks which the TCR 
can treat, all validated at TRL-5:  

 • lignin cake from bioethanol production 
• grape pomace from wineries  
• oil pressing pomace (eg. from rape seed, palm fruit, olives) from oil mills  
• sugar cane bagasse or sugar beet pulp from sugar plants  
• animal processing residues from meat processing industry  
• glycerol from bio diesel production and lignin stillage from bioethanol 

production from Bio fuel production  
• anaerobic digestate from biogas plants  
• paper production residues – eg. black liquor, de-inking sludge, bio sludge 

and reject residues  
• waste woods from construction and furniture industry  
• sewage sludge from waste water treatment plants  
• the organic fraction from waste processing facilities 
• brewer’s spent grain from breweries  
• cattle manure  
 

 



Thermo-Catalytic Reforming TCR® 
Various applications - Bio-oil 



Thermo-Catalytic Reforming  
Product distribution for sewage sludge 

38% 

13% 

38% 

22% 

13% 

36% 

14% 

20% 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%
Gas

Bio-oil

Aqu. phase

Char (a.f.)

Ash

ENERGY BALANCE 
MASS BALANCE 

Co
nd

en
sa

te
 



Renewable TCR® naphtha from sewage 
sludge 

Gasoline engine test bench application 
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Thermo-Catalytic Reforming  
Properties of various crude TCR® bio-oils 

DIGESTATE 2 

 
C 79.6 wt% 
H 7.0 wt% 
N 5.2 wt% 
S 1.1 wt% 
O (diff.) 7.0 wt% 
H2O 2.0 wt% 
TAN  5.1 mg KOH/g 
Hu             35.2 MJ/kg 

STRAW 

 
C 77.8 wt% 
H 10.8 wt% 
N 0.2 wt% 
S < 0.1 wt% 
O (diff.) 10.4 wt% 
H2O 0.7 wt% 
TAN  3.9 mg KOH/g 
Hu             35.6 MJ/kg 

DIGESTATE 1 

 
C 76.9 wt% 
H 9.2 wt% 
N 2.4 wt% 
S 0.4 wt% 
O (diff.) 9.4 wt% 
H2O 1.7 wt% 
TAN  3.2 mg KOH/g 
Hu             34.1 MJ/kg 

OLIVE POMACE 

 
C 84.4 wt% 
H 7.4 wt% 
N 3.2 wt% 
S 0.3 wt% 
O (diff.) 3.5 wt% 
H2O 1.2 wt% 
TAN  2.1 mg KOH/g 
Hu             35.2 MJ/kg 

1 from energy crops 2 from animal manure 



Thermo-Catalytic Reforming TCR® 
Various applications - Syngas 



Energy Technology 
Volume 5, Issue 1, pages 104-110, 12 JUL 2016 DOI: 10.1002/ente.201600168 
http://onlinelibrary.wiley.com/doi/10.1002/ente.201600168/full#ente201600168-fig-0001 

Thermo Catalytic Reforming of Biomass 
Waste Streams 

http://onlinelibrary.wiley.com/doi/10.1002/ente.v5.1/issuetoc
http://onlinelibrary.wiley.com/doi/10.1002/ente.201600168/full


Thermo-Catalytic Reforming TCR® 
Various applications - Char 



Properties of char. 
Biochar Content [%] HHV 

  N C H S ash O H2O [MJ kg−1] 

digestate 1.5 48.3 2.0 0.3 47.8 0.1 0.6 17.5 

sewage sludge 1.3 19.9 0.5 0.7 76.2 1.3 0.4 5.9 

paper sludge 0.2 16.4 0.3 0.7 82.3 0.1 0.3 3.6 

wood chips 0.4 84.9 1.7 0.1 3.2 9.8 0.3 30.6 

Energy Technology 
Volume 5, Issue 1, pages 104-110, 12 JUL 2016 DOI: 10.1002/ente.201600168 
http://onlinelibrary.wiley.com/doi/10.1002/ente.201600168/full#ente201600168-fig-0001 

http://onlinelibrary.wiley.com/doi/10.1002/ente.v5.1/issuetoc
http://onlinelibrary.wiley.com/doi/10.1002/ente.201600168/full


Project Overview  
Project Partners (12 partners, 5 countries) 
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