
“Algal Biofuel: Where we 
Came From and the Road 

Ahead”
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Why do we need another source of biofuel?

1. Diversity of sources to achieve mandated 
goals of renewable fuels-- 36B gallons by 
2022.

2. Energy Security, home-grown!
3. Department of Defense: one battle field 

fuel.
4. Replacement of sweet-crude petroleum oil.



Advantages for Algae
1.No competition with agricultural land or water use.
2.Placement of facilities will re-cycle CO2.
3.Energy density favorable( cf EtOH 80KBTU/gal v. 
Algal biofuel 120KBTU/gal).
4.Plant sources of bio-oil will likely have various 
compositions, algal oil constant�
5.Water use is less than some other fuels.
6.Productivity/acre 5-10 fold over plants.
7.Cycle time days to a week.



From Chisti, 2007
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Structure of a triglyceride

Chains can be 12-25, but we can make them 
mostly 16: 0 and 18: 1
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Chlorella:Growth/growth/lipid:3
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Oil Droplets in Botryococcus braunii

Origin unknown



Once algal oil is prepared, biodiesel production 
by transesterification or decarboxylation

Triacylglyceride + 3 MeOH            Glycerol + Fatty acid CH3 esters

catalyst

Hydrolysis and 
decarboxylation hydrocarbons

Biodiesel

Petrochemical 
refinery

Use biomass 
directly without 
extraction of oil



State of the industry

1. Time-line

2. Economics

3. Major players

4. Minor players – as yet!

4. Algal Biomass Organization



Possible Secondary Products

Fertilizer, soil stabilizer

Co-firing in Fischer-Tropf process- liquid fuels

Nutraceuticals, terpenes, carotenoids

Feed ( probably not for diatoms), fish culture

If a high carbohydrate producer, could ferment 
to EtOH, or CH4

If genetic engineering possible, any genes 
leading to specific compounds could be used, 
e.g., insulin



Production Facilities

1.Tubular bioreactors

2.Bag type bioreactors

3.Fixed films bioreactors

4.Open ponds- raceways

5.Covered ponds

6.Hybrid pond/ bioreactors
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Bag style system, courtesy of Valcent Products



Raceway Ponds, Earthrise Nutritionals, CA
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Cyanotech Co., Hawaii, producing Haematococcus 
pluvialis (red ponds) and Spirulina
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Experimental facility at Utah State University, partially 
funded by DoE sub-contract from Montana State 
University.
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Research Needs Predicted from Life Cycle Analysis

1.Selection procedure to achieve high yields of oil, not 
just high algal growth.

2.Can algal metabolism be changed to increase oil 
yield.

3.Bioreactors, 10x cost of ponds.

4.Harvesting, new process reduces cost by 98%.

5.   Extraction methods.
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