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Argentina, general information 
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Biofuel Generations 
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Bioalcohol 
Biodiesel 
Green Diesel 
Vegetable Oil 
Bioether 
Biogas 
Syngas 
Solid Biofuels 

Oils, Starches 
And Sugars 

• Biohydrogen 
• Biomethanol 
• Celulosic 
	  Ethanol 

• DMF 
• BioDME 
• Bioethanol 

Sustainable Raw 
Material 

	  	  	  	  	  	  
• Algae Biodiesel 

Sustainable Raw 
	  Material 



Biofuels, Economy and Society 
Social Aspects 

Food vs. Fuel debate 
Land use 

Poverty reduction 
Economic  Flow 

Environmental Aspects 

Land erosion and deforestation 
Impact on water stock 
Biodiversity loss 
Pollution 

Technical Aspects 

Energy efficiency 
Carbon emissions 

Sustainable production 
R&D 



York Argentina Group & RRA System strategy 



York Argentina Group & RRA System strategy 



York Argentina Group & RRA System strategy 



World Map (moderate slopes) 



World Map (optimal solar radiation) 
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	  Biodiesel from microalgae 
	  	  	  	  	  	  

Botryococcus 
üü   	  
üü   

Alkanes (C34) 
High concentrations (40-70%) 

üü   Other algae 
üü   20-60% lipids 

üü   High productivity 
üü   	  
üü   	  
üü   	  
üü   

Palm oil: 6,000 l/ha/year 
Algae: 20,000-80,000  l/ha/year 
No competition with food 
Salt water/River water 



Plant prototype: design (1) 



Plant  (1) 



Plant (1) 



Plant (3D)(1) 



Plant prototype: design (2) 



Plant (2) 



Plant design (2) 



400 kg lipids 
üü   	  	  
üü   

100 kg as feedstock chemical industry 
(2.66 usd/kg lipids) 
300 kg as transport fuel (0.66 usd/kg 
lipids) 

500 kg proteins 
üü   

üü   

100 kg for food (6.65 usd/kg protein) 
400 kg for feed (1 usd/kg protein) 

100 kg polysaccharides 
	   	  1.33 usd/kg polysaccharides 	  üü   

70 kg of N removed 
	  üü     2.66 usd/kg nitrogen 
1,600 kg oxygen produced 
	   	  0.21 usd/kg oxygen 	  üü   

Production costs: 0.53 usd/kg biomass 
Value: 2.19 usd/kg biomass 

N removal 	  186 usd 

Sugars 
133 usd Feed proteins 398 usd 

Food proteins 
665 usd 

Biofuels 
200  usd 

Chemicals 	  266 usd Oxygen 
340 usd 

	  Economical Viability: biorefinery of microalgae 
	  	  
Bulk chemicals and biofuels in 1,000 kg microalgae 



York Argentina Group research agenda 
	  	  	  

	  Photobioreactor design 
	  O2 removal and CO2 supply 
	  Biofilms for post-treatment 
	  wastewater 
	  Control of primary 
	  metabolism 
	  Harvesting and Oil 
	  extraction 
	  Biorefinery 
	  Design scenarios 
	  ALPARC 



Control primary metabolism 
	  	  	  
	  Objective: control metabolism 
	  	  üü   High yield on light 
	  	  üü   Production of lipids 
	  	  üü   Production of colorants 
	  Metabolic network model and 
	  flux calculations to predict 
	  rates in primary metabolism 
	  Research reactor to apply wide 
	  range of cultivation conditions 
	  On-line monitoring of 
	  production and consumption 
	  rates (CO2, O2, N, biomass) 



Building a metabolic model 

Model organism: Chlamydomonas reinhardtii 
Ametabolic model was built 
üü   	  
üü   	  
üü   

About 300 enzymatic reactions were modeled 
Lumping linear pathways 
159 reactions and 161 metabolites 

35 enzymes were not annotated 
üü   28 were retrieved in the C. reinhardtii genome with sequences of 

related organisms 
	  üü    7 remain missing 
Checked by comparing Photosynthetic Quotient (O2 production 
rate/CO2 uptake rate, Quantum Requirement (mol light quanta 
needed per mol O2 produced) and Biomass yield (g biomass/mol 
photons) 



Projects 

Genome based metabolic flux model for 
Chlamydomonas 
Metabolic flux models and lipid accumulation 
in green algae 
Metabolic flux models and lipid accumulation 
in diatoms 
Metabolic flux models and colorant 
production 
Metabolic flux models and alkane 
accumulation in Botryococcus (contract 
negotiation) 
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Design scenarios 

Objective 
üü   Develop scenarios for production of energy carriers at very large 

scale 
Why 
üü   Logistics: complexity and energy use of supply of materials 
Research issues 
üü   

üü   

üü   

Sustainability 
Scale 
Location 

Pre	  	  	  	  and	  	  	  	  post	  	  	  	  processing	  
	  Environment	  

Algae	  	  	  	  cul'va'on	  

energy	  	  	  	  (light	  	  	  	  &	  	  	  	  mechanical	  

nutrients	  	  	  	  (CO2,	  	  	  	  N,	  	  	  	  P)	  

	  	  H2O	  

	  others	  

solu'on	  	  	  	  containing	  	  	  	  	  	  	  biomass	  

other	  	  	  	  products	  	  	  	  	  	  (e.g.	  	  	  	  O2)	  





	                                   Objectives 
	  	  	  	  	  
Build up an international , open and independent center for applied research 

Translate research towards applications 

Acquire Information for design of full scale plants 

Develop competitive technology (economic viability and positive energy 
balance) 

Cradle to Cradle: Closing material loops - CO2, N, P 

To be applied in and outside the Netherlands 

Defined Research Program (5 years) &  Contract research 

Production of algal biomass for bulk chemicals, food and feed ingredients and 
biofuels 

Pilot as intermediate between lab and demo 



Fundamental 
Research 

5000 m2 10000 m2 180 000 m2 

Industrial partners 

Encountered problems are to be rethought and solved at previous stages 

Translate research towards applications 
	  Stage 1 R&D                        Stage 2 test & pilot                      Stage 3 Scale-up 

	  	  	  	  	  	  

	   	  Demos 



	   
	  	  	  	  	  

Development of a process chain 
Experience with systems 
Information for design of full scale plants 
Comparison of systems 
Comparison of strains 
Comparison of feeds (nutrients, CO2, sunlight…) 
Supply of biomass for further processing 
Further processing 



CHe Energy and nutrient flow diagram 



Main Features 

Uniqueness  -  4 different systems that can run in parallel 
(minimum) 

Fundamental aspects for successful operation and scale up of 
photobioreactors to commercial plants 

Control Units: accurate online measurements and control of a 
	  wide range of metabolic and environmental parameters 

	  

Flexibility:  The reactors should be easily changeable to allow 
fast testing of different systems 



                     Markets 



Chlorella & Spirulina 



CO2 & cosmetics 



Biofuels, aquaculture & nutrition 



Algae Biodiesel 



WWW.YORKARGENTINA.COM 


