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 Utilisation of Waste Streams for 
Bioproducts and Bioenergy 

http://www.biorefine2g.eu 



Replacing the oil barrel 
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1st and 2nd generation feedstocks 

http://allaboutbiofuels.wixsite.com  3 



1st and 2nd generation feedstocks 
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- C6 and C5 sugars 
- lignin 
- inhibitors 



Reduction of GHG emissions 

Koltermann et al (2014) “Cellulosic Ethanol from Agricultural Residues – An Advanced Biofuel and Biobased Chemical Platform”. 
JSM Biotechnol Bioeng 2(1): 1024. 
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Commercialized yeast 
fermentation processes 

Borodina & Nielsen (2014) “Advances in metabolic engineering of yeast Saccharomyces cerevisiae for production of chemicals”. 
Biotechnol J 9(5):609-20. 



BioREFINE-2G 
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Biorefinery workflow 
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Industrial yeast engineered for 
xylose utilization 

Stovicek et al. “EasyClone 2.0: Expanded toolkit of integrative vectors for stable gene expression in industrial S. cerevisiae strains“. 
J Ind Microbiol Biotechnol, 1:13.  
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Adaptive Laboratory Evolution for 
strain performance in Hardwood 
SSL 

YPX pH=3.5 
cxylose≈20g/l  

  
No growth in >20% Hardwood  SSL at low pH 

   

μmax=0.22 h-1 
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Adaptive Laboratory Evolution for 
strain performance in hardwood 
SSL 

10 % SSL 90% SSL 
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pH shift Temperature 
shift 

Recovery by precipitation 

Activated carbon polishing 

Final recovery by precipitation 

Downstream Processing 

Fermentation broth: 
• Fumaric acid 
• Lignosulphonates and 

other SSL impurities 
• Fermentation by-

products  

Fumaric acid: 
• Grade suitable for 

polymerisation 

Multi-stage process: 
• Minimization of raw 

material usage 
• Minimization of side-

streams 

Polymer-Grade Fumaric Acid from Fermented SSL 

Fermentation 2017, 3(2), 13; doi:10.3390/fermentation3020013 



Novel polymers - fumaric 
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Target compound 
 
 



Novel polymers - glutaric 
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PLA-Glutaric Copolymers 

Glutaric Copolymers Lactide 

+ 



Novel polymers 

7-8 October 2015, Castelldefels, Spain 15 



Life Cycle Analysis 
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+Good social performance on wood 
treatment and fermentation plant 
+Requires fewer fossil resources than 
conventional synthesis 
+Use of waste streams prevents 
conflicts with food and feed production 
 

- Cost competitiveness requires high 
yields 

- Conditioning of bio waste streams 
requires additional efforts  

- Agriculture related impacts (land 
use, eutriphication...) higher than 
conventional synthesis 
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BioREFINE-2G Exploitation Flyers 

1) DTU: Robust xylose-utilizing industrial yeast 
2) DTU: Genetic engineering toolbox for

manipulation of industrial yeast strains 
3) BIOTREND: Fumaric acid purification 

process from fermented lignocellulosic 
wastes 

4) AIMPLAS: Novel polymerization methods by 
reactive extrusion to obtain new PLA-
Copolymers with enhanced properties 

5) ECOPOL: Polyesther synthesis in batch and 
reactive extrusion  

6) IFU: Integrated Life-Cycle-Sustainability-
Assessment 
 



www.biorefine2g.eu 
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Thank you for your attention ! 

Irina Borodina 
irbo@biosustain.dtu.dk 

 
 


