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Microalgae History
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Algae for Fuels

National Renewable Energy LaboratoryNational Renewable Energy Laboratory

A Look Back at the
U.S. Department of Energy’s
Aquatic Species Program:
Biodiesel from Algae

Percentual de lipídios em algumas 
microalgas em relação à massa seca

Microalga % de Lipídios

Cl O t R t (1998)

Microalga                                  % de Lipídios

Scenedesmus dimorphus  16‐40 
Prymnesium parvum  22‐38
Chlamydomonas rheinhardii 21‐35 
Porphyridium cruentum 09‐14Close-Out Report (1998) Porphyridium cruentum 09 14
Chlorella vulgaris  14‐22 
Dunaliella tertiolecta 64‐71





Technological Routes

Which way to go?y g

Photosynthetic HeterotrophicPhotosynthetic Heterotrophic

“Dark” reactorsPhoto bioreactorsOpen tanks

Sugars Residues



Why Heterotrophic?

Characteristics Photoautotrophic Heterotrophic
Potential Unlimited Limited

Solar energy conversion Direct Indirect (uses organic carbon)

Main issues to be solved
Light penetration (open ponds and PBR)
Water use (most likely to use saline)
Solar conversion rate by microalgae

Grow on available residues
Microalgae screening

G.M.O. Needs improved solar conversion rate Won’t be necessary

Will work most likely in 10 to 15 years 3 to 5 years

Additional advantages
High growth rates (10x)
High final concentrations (easy Additional advantages _ High final concentrations (easy 
harvesting)

Algae Biotecnologia R h  h  h Rapidly evolve from R&DAlgae Biotecnologia
point of view Research, research, research…. Rapidly evolve from R&D

to commercial use



Why not Sugar?
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Source: (1) (2) New microbial fuels: a biotech perspective
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Current Opinion in Microbiology 2009, 12:274-281
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Which Residue?

Ethanol Production in Brazil

Year 2011 2025
Mills 420 800Mills 420 800
Production
(billion liters) 26 70Adapted from UNICA, 2008Adapted from UNICA, 2008



Vinasse

► Vinasse: wet stillage from ethanol production
► Currently distributed via trucks or irrigation in the 

fields
► High nutrient content, specially potassium
► Very high biochemical oxygen demand → potential► Very high biochemical oxygen demand → potential

pollution

Vinasse Production in 
Brazil (billion liters)1 Ethanol barrel 12 Vinasse barrels= Brazil (billion liters)

Year 2011 2025
Ethanol 26 70Ethanol 26 70
Vinasse 320 840=



Technological Platform
Sugar-cane Mill

Power Plant

Pure CO2 from
Ethanol fermentation

Power Plant

Straw Bagasse

HeterotrophicVinasse

MixotrophicAnaerobic Digestion

Biogas CH4 / CO2

Digestate



Biofuel and Biomass

Project Photosynthetic Heterotrophic
Ethanol mill using vinasse as 

Location and conditions Desert area, saline water, CO2 
source (?)

Ethanol mill using vinasse as 
substrate for microalgae 

cultivation

Installation size 300 hectares
Average size ethanol mill with 
3 MM tons of cane crushing 

capacity / year

Data considered

80% area use  (240 hectares)
25 grams/m2/day 

300 days/year
Vinasse = Ethanol x 12
Biodiesel = Vinasse/600300 days/year

25% oil content
Biodiesel  Vinasse/600

Total biomass production 
(d  tt ) 18.000 tons / year 18.000 tons / year(dry matter) 18.000 tons / year 18.000 tons / year

Oil production (liters) 5.0 MM liters / year 5.0 MM liters / year

% f %Equivalent to 2% more liquid fuels, 3.5% 
more energy, 5% more income



Sustainability

ViVinasse
clarification 

t i ltrials

UH Ha aii tests ethanol Shallow AquifersDeep AquifersUH Hawaii tests ethanol
waste as animal feed

qp q

“Research at the University of Hawaii could hold the key 
to turning a profit  in producing ethanol fuel from sugar 
cane in Hawaii”.

“Hawaiian Commercial and Sugar Co says the results
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Timeline

Algae
Start Up

Algae
Start Up

Laboratory Scale
R&D

Laboratory Scale
R&D

Pilot Scale II: 
20 000 L

Pilot Scale II: 
20 000 L

Commercial
Scale: Multiple

200 000 L

Commercial
Scale: Multiple

200 000 LStart UpStart Up R&DR&D 20,000 L20,000 L 200,000 L
Reactors
200,000 L
Reactors

2009 2010 2011 2012 2013 2014 2015 2016

Funding
Brazilian R&D

Funding
Brazilian R&D Pilot Scale I:

2 000 L
Pilot Scale I:

2 000 L
Pre-commercial:

200,000 L
Pre-commercial:

200,000 L
AgenciesAgencies 2,000 L2,000 L ,

Scale
,

Scale



Algae Biotecnologia Ltda.



The Ecogeo Group



Thank you!
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