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the PAST 



the	  chemical	  composi'on	  of	  microalgae	  	  
is	  well	  known	  since	  a	  long	  'me	  ago	  
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(Gouveia, 2011) 
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1 product à1 process 
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NO integration 
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16,687 microalga 

2,577 biorefinery 

269 microalga + biorefinery 
 

disappointing results !!! 

Nov, 20th, 2012 query 
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(Belarbi et al.,  
Enzyme Microb Technol. 2000;  
26(7):516-529.) 

? 

EPA Production from 
Phaeodactylum tricornutum 
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(G.R. Cysewski and R. Todd Lorenz, 
Trends Biotechnology) 

Astaxanthin Production  
from Haematococcus 
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previous own lab experience 



Nov,	  20th	  2012	   3rd	  La'n-‐American	  Congress	  Biorefineries	  –
Pucón	  2012	  |	  Alberto	  Reis	  |	  LNEG	  	  

PIGMENTS, ANTIOXIDANTS AND POLYUNSATURATED FATTY ACIDS FROM 
MICROALGAE IN FOOD PRODUCTS  
	  
FCT	  -‐	  PTDC/AGR-‐ALI/65926/2006 	  
	  

mayonnaises	  

cookies	  

caviar	  

pasta, spagheT	  puddings	  

Gouveia 
et al 
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DHA 

STEARIC ACID 

Reis et 
al 
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saponifica'on,	  winteriza'on	  and	  urea	  
complexa'on	  



BIOREFINARIA de MICROALGAS 

Beta-caroteno 

Ésteres de astaxantina 

Cantaxantina 

Astaxantina livre 

Clorofila b 

Clorofila a 

Luteína / 
zeaxantina 

Chlorella vulgaris 

Reis et 
al 
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Integrating raceways and solar collectors    

improving energy balances and 
productivities à energy efficiency  



INTEGRATING RACEWAY  AND SOLAR COLLECTOR 

improving energy balances and 
productivities à energy efficiency  



Integrating raceway and solar collector  

improving energy balances and 
productivities à energy efficiency  

heat exchanger 



INTEGRATING CLOSED FBR AND RACEWAY REACTOR 

PHOTOABSORTION 

CLOSED TUBULAR FBR 



INTEGRATING CLOSED FBR AND RACEWAY REACTOR 
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new challenges for microalgae 
reactors  
de 

AUTOTROPHY-
HETEROTROPHY 
SIMBIOSYS  

O2 

CO2 

Reis  
et al 
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the PRESENT 
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MICROALGAL 
BIOREFINERIES  
 
are still in the infancy 
 
are far to be mature 
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however 
increasingly concern of 
multiproduct process 
driven approach  
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National Algal Biofuels Technology Roadmap,  
(USA Department of Energy, 2010) 
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various approaches and pathways to developing  
algae-derived biofuels and co-products 

National Algal Biofuels Technology Roadmap,  
(USA Department of Energy, 2010) 
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National Algal Biofuels Technology Roadmap,  
(USA Department of Energy, 2010) 

STRATEGIES? 
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National Algal Biofuels Technology Roadmap,  
(USA Department of Energy, 2010) 

QUO VADIS 
LIPIDS ?  



Nov,	  20th	  2012	   3rd	  La'n-‐American	  Congress	  Biorefineries	  –
Pucón	  2012	  |	  Alberto	  Reis	  |	  LNEG	  	  

National Algal Biofuels Technology Roadmap,  
(USA Department of Energy, 2010) 

ALGAE FUELS 
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Integration of algae production with wastewater treatment for nutrient removal and 
biomass production 

WASTES for 
FUELS and 
useful 
PRODUCTS 

National Algal Biofuels 
Technology Roadmap,  
(USA Department of 
Energy, 2010) 
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SUCCESSFUL 
STORIES? 



SUCCESSFUL 
STORIES? 
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Bioenergy	  Programme:	  The	  Microalgae	  studies	  at	  LNEG	  

 
Growth and  

Scale-up 
 

Syngas Fermentation  
R&D Programme 

Anaerobic 
Digestion R&D 

Programme 
Energy 

Bulk Product 
(biodiesel) 

Microalgae 
Feedstock 

Thermochemical 
Processing R&D 

Programme for syngas 
Oil extraction 
& transterification 

Microbial Fuel Cell  
R&D Programme 

Electricity 

Photobioreactors R&D 
Programme 

wastewaters solids 

Other Alcohols 
(petrol and diesel 

engines) 

Strain Genetics R&D 
Programme 

Glycerin Upgrading 
R&D Programme 
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http://www.clean-energy.cl 
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STRAIN SELECTION  
 
-  locally existing (Ventanas, Chile)  
-  high biomass output rates under the prevailing conditions 

existing at the thermal plant including untreated flue 
gases (15% CO2, no stripping) 

 

PROCESS DEVELOPMENT, INTEGRATION AND 
OPTIMIZATION AS A WHOLE  
 
-  MULTI-PRODUCT STRATEGY 
-  MULTI-PURPOSE STRATEGY 

COST PRODUCTION SAVINGS 
TIME SAVINGS 

FROM THE HARSH OUTDOOR ENVIRONMENT TO THE LAB… 



the FUTURE ? 
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a long way needs 
to be done 
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REAL MICROALGAL 
BIOREFINERIES ARE NEEDED 
 
ü  FOR TECHNO-ECONOMICAL 

REASONS 

ü  FOR ENVIRONMENTAL REASONS 

ü  FOR SUSTAINABILITY ISSUES 

ü  FOR SOCIETAL REASONS 



still prohibitive costs?  



the co-production of high 
value-low market size 
products is mandatory in 
order to pay the technology  
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BIORREFINERIES	  

INTEGRATION	  

COMPLEMENTARITY	  SYNERGY	  
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Implementation  
of a real fully integrated  
Multiproduct  
Multipurpose  
Process 
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BIORREFINERIES	  

LARGE	  CONSORTIA	  

NETWORKING	  
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LARGE	  CONSORTIA	  

 
Consortium Desert Bioenergy S.A. 
  
Algae Fuels Consortium 
 
Balfuels Consortium 
 
Consortium Bioenercel  
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NETWORKING	  

Iberian-Latin-American Thematic CYTED Network 
P711RT0095  
 
 
Iberian-Latin-American Society of Applied Algology SI3A  
 
 

 
162  researchers 

  
29  groups/institutions 

 
10  countries 
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NETWORKING	  

Iberian-Latin-American Society of Applied Algology SI3A  
INSTITUTION TYPE PERSON	  IN	  

CHARGE 
COUNTRY 

CENTRO	  DE	  INVESTIGACIÓN	  
CIENTÍFICO	  TECNOLÓGICO	  PARA	  
LA 
MINERIA-‐CICITEM 

Non-‐Profit	  Private	  
Research	  Centre 

MARIELLA	  RIVAS	  ALVAREZ	   
	   

CL 

CLEAN	  ENERGY	  ESB	  S.A. SME ANDREA	  IRARRÁZAVAL	  O. CL 

I-‐MAR,	  UNIVERSIDAD	  DE	  LOS	  
LAGOS 

University MARÍA	  CARMEN	  
HERNÁNDEZ-‐GONZÁLEZ 

CL 

PONTIFICIA	  UNIVERSIDAD	  
CATÓLICA	  DE	  VALPARAÍSO 

University PAOLA	  POIRRIER	  GONZALEZ CL 

TEMUCO	  UNIVERSITY-‐
UNIVERSIDAD	  DE	  LA	  FRONTERA 

University DAVID	  JEISON CL 

UNIVERSIDAD	  CATÓLICA	  DE	  
TEMUCO 

University EDELIO	  ALEXEI	  TABOADA	  
VALDÉS 

CL 

UNIVERSITY	  OF	  ANTOFAGASTA University CARLOS	  RIQUELME	  
SALAMANCA	   
	   

CL 

6 CHILEAN GROUPS 
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LCA-LIFE CYCLE ASSESSMENT STUDIES 
 
will offer attractive possibilities  
to develop and expand  
microalgal biorefineries 
 
ü  data were scarce in the past and many times 

conflicting 

ü  data are getting more and more reliable 
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National Algal Biofuels Technology Roadmap,  
(USA Department of Energy, 2010) 

Scope of Life Cycle Analysis/Potential Directions for R&D Effort   
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ü  INFRASTRUCTURE 

ü  LOGISTICS 

ü  DISTRIBUTION 

ü  STORAGE 

ü  TRANSPORTATION 

ü  END USE  
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National Algal Biofuels Technology Roadmap,  
(USA Department of Energy, 2010) 
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