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Can algae replace commodities of today? 

 European market: 

● Fossil fuels:    400  Mtonnes/year 

● Polymers and chemicals: 100  Mtonnes/year  

● Palm oil:       7  Mtonnes/year 

● Soy:        8  Mtonnes/year 

 Global microalgae market today: 

● < 10,000 tonnes/year 



Research objectives 

 Development of scalable 
technology 

 Sustainable production of bulk 
products 

● Biofuels (biodiesel) 

● Food (protein, oil) 

● Feed (protein, oil) 

● Chemistry (amino acids, 
oil) 

● Materials (silica, 
polysaccharides) 

Research facility in Matalascañas, Spain 

  



Microalgae markets 

 Present market volume:  

   € 1 billion 

 Present market segment: 
biomass value > € 50/ kg 

 Objective market segment: 
biomass value <0.40 €/kg 

 Value algae biomass: 1.65 
€/kg 

 Biorefinery essential 

 

Applications Value/K

g 

Biomas

s 

Market 

volume 

 

Nutraceuticals (human 

consumption) 

€100 €60 million 

Nutraceuticals (animal- and fish 

feed) 

€ 5-20 € 3-4 billion 

Bulk chemicals €1-5 >€ 50 billion 

Biofuels < €0.40 > €1 trillion 

N removal
140 €

Sugars
100 €Feed proteins 

300 €

Food proteins 
500 €

Biofuels
150  €

Chemicals 
200 € Oxygen

256 €

Wijffels et al. (2010). Microalgae for the production of  

bulk chemicals and biofuels. Biofuels, Bioproducts, &  

Biorefining, 4: 287-295. 

  



Develop this process 

is a sustainable and 

economical way 

within the next 10 -

15 years 

To develop a more 

sustainable and 

economically feasible 

process, all biomass 

components should be 

used 



Strategy to collaborate with industry 

 Demonstrate that biobased 
products have the quality to 
replace existing products 

 Convince we can produce 
economically in the future 

 Imagine we can reach the right 
market volumes 

 Create awareness: it is not  

   going to be easy 

 Join forces  

 Create a long term commitment 

 



Products       Process 

Strains Chemicals 
• AlgiCoat- EOS 

• SPLASH- EU FP7  

Materials • SPLASH- EU FP7 

Energy 
• Fuel4ME – EU FP7 

• Bi -NesteOil 

Microalgae 
&  

Cyanobacteria 

Biorefinery 

-biomass 
harvest 

-in situ 
product 
recovery 

FUEL4ME – EUFP7 
Emerald Oils- FND 
BioSolar Cells Core Program 
AlgaePARC -PPP 
SPLASH- EU FP7  
InteSusAl- EU FP7 
Petrochemical - Bi  
StaatsOlie Suriname- Bi   
Neste Oil - Bi 
LG-SWITCH 
AlgaeDISK – EU FP7 
 

AlgaePARC Biorefinery 
Protein - STW 
SPLASH – EU FP7  
Fuel4ME- EU FP7 
Climate KIC 
IPOP Biorefinery 
Overijssel- Uni Twente 

Feed  
/Food 

Projects portfolio 

• Emerald Oils 

• Coulorants 

• ECOFERM 



AlgaePARC 

 

  8. 8 M€ 

  Facility: 3.3 M€ subsidy 

  Research program: 2.2 M€ 
subsidy, 2.8 M€ companies 

 19 companies 



Objectives 
 

 Basic research is not sufficient 

 Gap between basic research and 
commercial applications 

 Continuous interaction between 
basic research and pilots 

 Follow up in  

   demonstrations 

 Products 

 Scale 

 Production chain 



AlgaePARC 

 International centre of applied 
research  

 Intermediate between basic 
research and applications 

 Development of competitive 
technology (economics, 
sustainability) 

 Acquire information for full  

 scale plants 

 Algal biomass for food, feed, 
chemicals and fuels 

 



AlgaePARC biorefinery 

 

  5.2 M€ 

  3 M€ subsidy 

 12 companies 



Business cases 

 Future production costs: 400 €/Ton 

 Value? 

● Nannochloropsis 

● Scenedesmus 



Scenario: Lipids + Biogas energy 

Scenedesmus: €600/T 
Cost of production: €400/T 



Scenario: Lipid & protein biorefinery 

Nannochloropsis: €8,000/T 
Cost of production: €400/T 
 

Microalgae 

Lipid fraction 

Saponifiables 

Saturated  

FA 

Biolubricants 

Unsaturated FA 

Food supp. / 

Industrial oil 

Un-
saponifiables 

Waxes 

Coatings 

Antioxidants 

Food 
supplements 

Defatted algae  

Proteins 

Functional 
proteins 

Processed food 

Nutritional 
proteins 

Animal feed 
Protein 

supplements 

Algae pulp 

Biodegradable 
plastics 



Sustainability of production chains 

 



Sustainability of production chains 

 Scenario analysis 

 Life cycle assessment driven biorefinery design 

● Processing conditions 

● Product routing and resource recovery 

 

 Integration of algae biorefinery with supply chain 

Draaisma B.B., Wijffels R.H., Slegers P.M., Brentner L.B., Roy 
A., Barbosa M.J. (2013) Food commodities from microalgae. 
Current Opinion in Biotechnology 24: 169-177 



Algae biorefinery: possible process units 

 Example: biodiesel 

Centrifugation

Chitosan

flocculation

Ultra-sound

sedimentation

Vacuum

filtration

Pressure

filtration

Poly-

glutamate

flocculation

Algae Dryer

Vacuum 

filtration

Centrifugation

Pressure 

filtration

High 

pressure

homogenizer

Ultrasonication

Bead milling

Mixed 

solvent

extraction

Hexane

extraction

SCCO2

extraction

Alkaline

conversion

Acid

conversion

Enzymatic

conversion

Microwave assisted

extraction and conversion

Supercritical methanol

extraction and conversion

Biodiesel

Biomass Harvesting Dewatering

Mechanical Thermal

Disruption Extraction Conversion Product



Energy consumption: worst/best≈10/1 

Centrifugation

Chitosan

flocculation

Ultra-sound

sedimentation

Vacuum

filtration

Pressure

filtration

Poly-

glutamate

flocculation

Algae Dryer

Vacuum 

filtration

Centrifugation

Pressure 

filtration

High 

pressure

homogenizer

Ultrasonication

Bead milling

Mixed 

solvent

extraction

Hexane

extraction
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extraction

Alkaline

conversion
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conversion
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conversion

Microwave assisted

extraction and conversion
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extraction and conversion

Biodiesel

Biomass Harvesting Dewatering

Mechanical Thermal

Disruption Extraction Conversion Product

worst 

best 



Algae cultivation and supply chain 

  



Algae biorefinery and supply chain 

 How to organize the cultivation-refinery-user chain? 

 Transport of large volumes has impact on sustainability and economy 

 Specialization in processing 

 Economy of scale? 

 Seasonal variation in cultivation request for operational flexibility or 

storage 

 What is the effect of storage on quality/yield? 

 What is the effect on the processing methods? 
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Algae for commodities 

 Demonstrate that biobased 
products have the quality to 
replace existing products 

 Convince we can produce 
economically in the future 

 Imagine we can reach the 
right market volumes 

 Create awareness: it is not  

   going to be easy 

 Join forces  

 Create a long term 
commitment 

 



www.AlgaePARC.com 

Vacancy: tenure track assistant professor algal 
biorefinery 

Rene.Wijffels@wur.nl 

@ReneWijffels 
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