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US OIL USE 

The USA currently imports more than 60% of its petroleum.  

140 x 109 gallons of gasoline/year 
44 x 109 gallons of diesel/year 

2/3 of it go to transportation fuels 
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WHAT ARE MICROALGAE? 

MICROALGAE are the unicelular algae with great photosynthetic 
capability and rapid growth due to their simple structure. 
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MICROALGAE ROLES IN NATURE? 

MICROALGAE comprise the phytoplankton and are the basis 
of the aquatic food chain. 
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MICROALGAE METABOLISM 
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Biodiesel production 

 

 

 

 

• Triglycerides are converted first to diglycerides, 
monoglycerides and then to glycerol 

• The equilibrium reaction requires 3 mol of alchohol per mol of 
triglyceride.  Industrial processes use excess alcohol to 
ensure it is in the direction of the methyl esteres 

• The reaction is catalyzed by using acids and alkali. Alkali 
catalyzed transesterification is 4000 times faster (sodium and 
potassium hydroxide).  Sodium-methoxide. 

• T= 60oC 

• Reaction takes place in about 90 minutes 

 



EFFICIENCIES 

(Chisti, 2007 e Chisti, 2009) 

CROP OIL (L/ha) LAND AREA 
NEEDED 
 (M ha) 

PERCENT OF 
EXISTING US 

CROPPING AREAa 

Corn 172 1540 846 

Soybean 446 594 326 

Canola 1190 223 122 

Coconut 2689 99 54 

Palm oil 5950 45 24 

Microalgaeb 136.900 2 1.1 

Microalgaec 58.700 4.5 2.5 

a For meeting 50% of all transport needs of the US 
b 70% oil (by wt) in biomass 
c 30% oil (by wt) in biomass 
 



Raceway ponds Photobioreactors 

Inexpensive operation -More expensive construction (~10x) 

Simple construction - More engineering 

- High losses via evaporation - Less  evaporation 

- Better CO2 use 

-Better mixing 

- Problems of contamination -higher biomass concentration (easier 

harvesting) 

-volumetric biomass productivity (~13 x) 

 MICROALGAE CULTIVATION 



PROJECT LOCATION IN BRAZIL 



NPDEAS LAY-OUT 



CULTIVATION IN PHOTOBIOREACTORS 
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Photoinhibited region 
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2. BIBLIOGRAPHIC REVIEW 

Hydrogen 



Biohydrogen 

1. Direct Biophotolysis 

2. Indirect Biophotolysis 

3. Photofermentation 

4. Dark fermentation 

5. Hybrid systems 
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2. BIBLIOGRAPHIC REVIEW 

Indirect Biophotolysis 



Electron transport pathways related to hydrogenase in green algae. 

The electrons could originate in the water photolysis or in the plastoquinone 

through cellular substrates oxidation via glycolysis or in the Krebs cycle. 

(MELIS and HAPPE, 2001). 

2. BIBLIOGRAPHIC REVIEW 

Glycolysis Tricarboxylic acid cycle 
Cytoplasm 

Chloroplast 



Challenges: 

1. Low hydrogen generation rate 

2. High cost 

3. GMO 

4. Engineering – PBR; contamination; 

purification, separation 

5. Sensitivity to oxygen 

6. Co-products (e.g., biodiesel) 

7. Mathematical modeling 

2. BIBLIOGRAPHIC REVIEW 



General objective: 

       production mathematical modeling 

 

Specific objectives: 

1. Mathematical model 

2. Low computational time 

3. Experimental comparison 

4. Case study 

2. BIBLIOGRAPHIC REVIEW 



Mathematical modeling 
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3. MATERIALS AND METHODS 



Mathematical modeling 

Molina Grima, 1996 
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3. MATERIALS AND METHODS 



Dilution 

3. MATERIALS AND METHODS 
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3. RESULTS AND DISCUSSION 

















1. Indirect photolysis mathematical model 

has been developed 

2. Low computational time application 

3. Experimental validation for microalgae 

growth 

4. Case study – expected trends have been 

observed 

5. CONCLUSIONS 



6. SUGGESTIONS 

1. Prototype (HGP – “Hydrogen Generation 

Photobioreactor”) 

2. Different green algae species for hydrogen 

generation 

3. Complete characterization of the obtained fuel 

(e.g., purity)  

4. Mathematical model improvement and 

experimental validation  

5. Process thermodynamic optimization 

(numerical) 



Thank you !! 
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