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Project objectives 

 Pre-commercial development of two bioplastics, both made of a 
patented bio-modified thermoplastic starch from UofT prepared with 
a biodiesel co-product, crude glycerol, and: 
 
– Recycled PVC for a greener-PVC resin for electrical parts in Brazil 
 
– PHB (polyhydroxybutyrate)  and Dried Distiller Grains solubles 

(DDGs), another co-product from bio-ethanol industry for a more 
economical biodegradable packaging resin 

 
Benefits: 

 Reduced usage of virgin PVC 
 Increased recyclability of waste material 
 Improved biodegradability of electrical and packaging parts 
 Lower manufacturing cost of PVC & PHB-based resin 

 
 Development of new high tech jobs in respective countries 
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Canadian group objectives 
 To develop an innovative bio-modified starch 

technology from Dr Sain’s team at CBBP/UofT to the 
pre-commercial level 
– Process optimization and production of bio-modified 

thermoplastic starch pellets 

 
  
 For Casco (now Ingredion Canada Inc), to develop a 

new niche market in biotechnology to diversify its 
industrial spread and to compensate the ever 
declining demand in P&P and food sector in the last 
decade.  
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Bio-modified starch flow diagram 
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10L lab bioreactor 

100L automated bioreactor 

Upscale of the bio-modified starch process 

Advantages of an automated system 
- less variability 
- improved throughput 
- better control 

- possible optimization phase 

- exposure of  hidden factors at lab scale 



Why adding a bio-modified starch? 

In general, the addition of a specific protein group 
to the starch backbone (<1.0%) provides improved 
bonding of regular starch with other resins 
  improved strength of TPS and bioplastics 



Part II  

Bio-modified TPS/PHB packaging  
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 PHB:  
– a thermoplastic polyester produced from microorganisms 
– 100% biodegradable 
– a good substitute to PP in injection and thermoforming products 

 

BUT …more expensive and not available yet in N-A & S-A! 
 
 Starch and bio-modified starch: 

– a renewable natural polymer  
– Abundant in N-A and S-A 
– 100% biodegradable/compostable 
– 2-3x more economical than PHB 
– However, starch-based bioplastics usually absorb more moisture leading to 

lower strength and deflection of material 
 

 DDGs: - co-product from bioethanol 

    - good source of protein, fatty acids and fiber 
    - abundant and economical 

Current situation 



Challenges 

 Find optimal proportion of bio-diesel by-products with other 
components 
 

 Processability of all components 
 

 Final product appearance 
– Discoloration of Polycarb & DDGS? 
– Homogeneity of material  

 
 Moisture absorption and deformation 

 
 Physical stability (no cracks) 

 
 Final cost (compared to existing material on market) 



Difficulties encountered 
 
• No real difference of bio-modified starch over regular starch, although 
a 23 % superior strength is seen with virgin PVC formulation 
 
Remedy: bio-modified starch replaced by regular corn starch 
 

• High viscosity of initial formulation due to starch or DDGS content 
 Consequences:   thermoforming processing difficult  
    extended testing of formulation variations with 

        DDGs and bio-modified starch 
 
Remedy: Additional batches of bio-modified starch and base sheets 
  Initial cup lid mold prototype replaced by food tray (more adequate)  

    
 

• Source of raw PHB material discontinued 
 - N-A announced joint venture never started up 
 - New Brazilian plant start up postponed indefinitely 
   
Remedy: search for an alternative resin, recycled PLA  
  equivalent strength 
  more economical 



Modification to formulation 

PHB replace by recycled PLA and bio-modified starch by  
regular corn starch 



Sheet forming equipment 

UofT twin screw compounder 

Sheet die and Calendar  

Sheet cut 
Sheet roll 

Injection of 3 components 



Making of a food tray prototype 

Compression forming tray mold 

Food tray: formulation & 100% recycled PLA 

Sheet heated up  



Conclusion (Part II) 

 
 Material potentially marketable for specific niche 

 
 Formulation 100% biodegradable and compostable 

 
 Opaque (and not transparent) 

 
 More economical than PHA and virgin PLA 
 
 Bio-modified starch didn’t show any advantages over regular 

starch for the present formulation  
(crude glycerol impurities interference?) 

 

 

Next step 
Market feedback  
 - food packaging (tray) 
 - agriculture (plant pots) 
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Thanks to  

ISTP & FAPESP 



Questions? 





 New regulations since 2010 in Brazil for electronic/electrical parts 
and packaging 
 

 PVC a strong polymer is largely used in the industry in general 
– Uses toxic chemicals such as chlorine, stabilizers (Cd, Pb) & plasticizer 

(phthalate) 
– Has no effective recycling process 

 
 Bioenergy by-products ever increasing in N-A and Brazil with 

biodiesel 
– huge potential for various value-added applications, but industrial 

channels are not developed yet 
– Bioenergy sector frantically looking for extra revenues to offset 

significant government subsidies that may come to an end 

Current situation 



Project major difficulties 
 

• Numerous delays due to: 

 - late deliveries of key equipment and raw materials 

 - equipment failures: extruders & injection molding machines 

- raw material discontinuation/shortage: search for 
alternative source 

 - custom procedures (in Brazil) different for 50 kg sample 

  - many intermediate custom agents 

  - material once sent back to Canada 

 

• No advantage seen with bio-modified starch in proposed recycled 
PVC/crude glycerol formulation  

 

** BUT has 23 % superior strength seen with virgin PVC 
 formulation  



Initial formulation and prototype 
- coffee cup lid with PHB and bio-modified starch - 

Conclusion 
• formulation too high in viscosity causing defects 
• darkening of the material due to starch and DDGs content at high 
temperature 
• higher cost due to unavailability of PHB in N-A 
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material affecting end properties 
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Project conclusion 
 Bio-modified starch has not shown any advantage over 

regular starch with formulations within this project, but a 
~23% superior strength with virgin PVC formulation     
(impurities interferences?) 

 

 G-PVC and PLA/starch/DDGs could still be applicable in other 
niche markets 
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