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Algae as a promising innovation

� High productivity
� Oil content: 20-60% 
� 20,000-80,000 liter/ha/year oil
� Palm oil: 6,000 liter/ha/year

� No ‘competing claims’
� Grow on seawater
� Use of residual nutrients 

(CO2, N, P)
� Co-products have value 

(e.g. lipids, proteins)

Cost estimation algae production*

� At 1 ha scale today: 
10 €/kg

� At 100 ha scale today: 
4 €/kg

� What will be possible: 
0.40 €/kg

� Still too expensive for 
biodiesel alone

*Norsker et al. (2011) Microalgal production- a close look at 

economics, Biotechnology Advances 29: 24-27



Biorefinery of microalgae

� Production costs: 400 €/1,000 kg

� Value algae biomass: 1,650 €/1,000 kg

Sugars
100 €

N removal
140 €

Oxygen
 256 €

Chemicals 
200 €

Biofuels
150  €

Food proteins 
500 €

Feed proteins 
300 €

*Norsker et al. (2011) Microalgal production- a close look at  economics, 
Biotechnology Advances 29: 24-27

Wijffels et al. (2010). Microalgae for the production of  bulk chemicals and 
biofuels. Biofuels, Bioproducts & Biorefining, 4: 287-295.

To replace all transport fuels in Europe*

� 400 million m3 lipids needed

� 9.25 million ha surface area
� Equivalent to surface area of 

Portugal
� 400 million tons of proteins 

produced
� 40 times the amount of soy 

protein imported in Europe

*Wijffels & Barbosa (2010) An outlook on microalgal 

biofuels. Science. 379: 796-799.
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Objectives WUR

� Development of scalable 
technology

� Sustainable production of 
bulk products
� Biofuels (biodiesel)
� Food (protein, oil)
� Feed (protein, oil)
� Chemistry (amino acids, oil)
� Materials (silica, 

polysaccharides)

� Biorefinery
Research facility in Matalascañas, Spain



Wageningen UR algae research
� Ambition is to be independent research 

organization with industrial collaborations

� Multidisciplinary approach
� Research topics

� Efficient use of sunlight
� Reduction of energy input
� Maximization productivity 

metabolites
� Biorefinery
� Scale up
� Design scenarios
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Scale up

� AlgaePARC = Algae Production and Research 
Center



Translate research towards applications

Fundamental
Research

2.4 m2 24 m2

Demos
>10 000 m2

AlgaePARC Industrial partnersWageningen UR 

Encountered problems are to be rethought and solved at previous stages 

Stage 1 R&D Stage 2 test & pilot Stage 3 Scale-up

AlgaePARC objectives
� International center 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



Research plan

� Comparison  and optimization of  
photobioreactors (24 m2)

� Long term tests at large scale (24 
m2)

� Screening species on residual 
nutrients

� Development of production strategies
� Field tests of production strategies 

(2.4 m2)

Research plan

� Dynamic process control strategies 
� Adaptation to varying light conditions
� Macimization prpoductivity over entire 

day

� Life Cycle Assessment
� As a tool to make better designs



24 m2 systems
� Long time performance (1 year)
� 4 systems running in parallel
� Fully controlled: on line energy, nutrient, CO2 balances
� Problems: solve in lab
� Representative productivities for full scale 
� Information for design of full scale plants

2.4 m2 systems
� Phase between lab and pilot
� Test things where you are not 

sure of
� Test operational conditions
� Different strains
� Different feed stocks
� Adaptations in design
� New systems
� If successful

� To 25 m2 scale

� If not successful
� More experiments

� Reject



Funding AlgaePARC

� Facility financed by
� Ministry EL&I
� Province Gelderland
� Wageningen UR

� Research program financed by

AlgaePARC successful after 5 years if

� Improved reactor concept and/or 
process strategy
� PE > 5%
� Production costs < € 1
� Positive energy balance
� Minimal use of fresh water

� Sufficient basic information for 
design of large-scale production 
facility



Future plans for outdoor systems

� Develop activities in sunnier locations
� South of Spain

Ecological footprint

� Life Cycle Assesments: technology should be 
sustainable

� Some studies are available
� Results are variable, often negative energy 

balances

� Compare ecological footprints production chains 
of algae protein and oil with palm oil and soy 
beans



Use LCA to help design processes
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Predicted daily biomass production for a year
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� Phaeodactylum 

tricornutum
� Netherlands

� France

� Algeria



Biosystems design

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

scale
� Why

� Logistics: complexity and energy use of supply of materials
� Research issues

� Sustainability
� Scale
� Location
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Bulk chemicals and biofuels in 1,000 kg microalgae

� 400 kg lipids
� 100 kg as feedstock chemical industry 

(2 €/kg lipids)
� 300 kg as transport fuel (0.50 €/kg 

lipids)
� 500 kg proteins

� 100 kg for food (5 €/kg protein)
� 400 kg for feed (0.75 €/kg protein)

� 100 kg polysaccharides
� 1 €/kg polysaccharides

� 70 kg of N removed
� 2 €/kg nitrogen

� 1,600 kg oxygen produced
� 0.16 €/kg oxygen

� Production costs: 0.40 €/kg biomass
� Value: 1.65 €/kg biomass

Sugars
100 €

N removal
140 €

Oxygen
 256 €

Chemicals 
200 €

Biofuels
150  €

Food proteins 
500 €

Feed proteins 
300 €

Economical Viability: biorefinery of microalgae 

*Wijffels et al. (2010). Microalgae for the production of 
bulk chemicals and biofuels. 

Biofuels, Bioproducts, & Biorefining, 4: 287-295.



Complexity of biorefinery

� Business model in which 
different end users need to 
collaborate

� Market volumes must fit
� Highest value is obtained if 

functionality of molecules is 
maintained

� Development of business 
cases

Definition biorefinery

� Biorefining is the sustainable processing of 
biomass into a spectrum of marketable Biobased 
Products (food, feed, chemicals, materials) and 
Bioenergy (fuels, power and/or heat) 

� Petro refinery primarily aims at reducing the 
complexity of the feedstock (by cracking)

� Biorefinery concepts aims to maintain the integrity 
and architecture of the molecules containing in 
the biomass intact as much as possible, in order 
to maintain maximum functionality and value



First algae biorefinery project: make value from protein

Isolation of pure and native 
protein from microalgae for  
food applications  

Characterization and fractionation 
of the isolated protein 

Test techno-functional properties of 
isolated protein fractions and its 
possible applications as a food 
ingredient

Research collaborations

� A lot needs to be done
� Time frame 10-15 years 

before commercial
� Collaborate
� In AlgaePARC we 

collaborate with different 
end users



AlgaePARC longer term mission

� Technology platforms:
Large industrial consortia
� Production: AlgaePARC
� Biorefinery: our next step

� Production platform:
Products of specific interest to 
individual companies

When are algae biofuels commercial?

� Optimists: within 2 years
� Pessimists: never

� We say: 10-15 years from now



‘Commercial’ projects
� AlgaeIndustryMagazine.com

� SeamBiotic’s Algae plant in China to be open in 
September 2011

� 3 European demonstration projects: 10 ha
� BIOFAT
� ALL Gas
� InteSusAl

� Sapphire: commercial demonstratoion 2012; commercial 
2018

� ExxonMobil/Synthetic Genomics
� Aurora Biofuels became Aurora: 3 ha demo
� AlgaeTec: 5 ha demo on PV + LED

Our dream: stand alone algae production*

� Algae production on 
seawater
� Prevention of evaporation

� Phosphate/nitrogen
� Make use of residual 

feedstocks
� Do not use P/N at all: milking 

of microalgae**

� Growth on atmospheric CO2

*Wijffels R.H., Janssen M., Barbosa M.J. (2011) Stand alone biofuel production from algae 

– Crystal ball 2011. Microbial Biotechnol. 4: 132-134

**Hejazi M.A., Wijffels R.H. (2004) Milking of microalgae. Trends Biotechnol. 24: 189-194

From Feyecon



Can we imagine this?

Not yet

� Landscape

� Diseases
� Costs

� Maintenance
� Wheather conditions
� Step-by step



From fossil to biobased economy

� Need for professionals
� 1,000 new professionals/year
� 5% of students knows what 

biobased economy means
� If explained 80% wants to 

change economy in a 
biobased economy

� Need for communication and 
education

Green generation with energy for the future

� Development education
� High schools: 

learning modules
� HBO/University: 

BSc/MSc
� International graduate 

course algal 
metabolite production 
strategy and 
photobioreactor design



www.AlgaePARC.com

e-mail: Rene.Wijffels@wur.nl

twitter: @ReneWijffels


