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How Nature Manages CO2

The Carbon Cycle

Ohio University ïInstitute for Sustainable Energy and the Environment

http://earthobservatory.nasa.gov/Library/CarbonCycle/carbon_cycle4.html
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6 CO2 + H2O

Light

C6H12O6 + 6 O2 + 6 H2O

ÅCarbon Dioxide is converted to 

stored energy, biomass and Oxygen

ÅStored Energyis held as sugar 

(starch) or fats (oils)

CO2 Mitigation Through Photosynthesis

Turning By-Products into Feedstocks

Ohio University ïInstitute for Sustainable Energy and the Environment
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NREL Report ( NREL/TP-580-24190 ) ïASP Review

ü 3000 Algal Strains Characterized

ü 300 Retained for Future Work ( kept @ U of Hawaii )

ü Genetic Characterization and Manipulation Performed

ü Select Strains Can Grow in Brackish / Salt Water

ü Lipid Content = fn (strain, growth conditions)

ü Tradeoff Ÿ Biomass Growth Rate vs. Lipid Content

BioDiesel from Algae !

Ohio University ïInstitute for Sustainable Energy and the Environment
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NREL Report ( NREL/TP-580-24190 ) ïASP Review

ü Pilot-Scale Demonstrations in Raceway Ponds (1988-90)

~ Target production of 50 g / m2 / day (built in HI, CA, NM)

~ Equivalent to 10,000 to 20,000 gallons oil / acre / year

~ Actual productivity å 10 g / m2 / day due to difficulty controlling the 

environment (invasive species, temperature, etc.)

ü Research Suspended in 1996

~ ñThese estimates showed that algal biodiesel cost would range 

from $1.40 to $4.40 per gallon...ò

~ ñDOE expects petroleum costs to remain relatively flat over the next 

20 years.  Expecting algal biodiesel to compete with such cheap 

petroleum prices is unrealistic.ò

BioDiesel from Algae !

Ohio University ïInstitute for Sustainable Energy and the Environment
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Question 1:

What is the desired end product?
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Select Your Market

Product Potentials for Algal Biomass



8Ohio University ïInstitute for Sustainable Energy and the Environment

Question 2:

What is the target algal strain?
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Phylogenetic Groups of Algae

üDiatoms: unicellular organisms characterized by a silica 

shell and are found in freshwater and saltwater.

üChlorophyta: commonly known as green algae; largely 

aquatic or marine.

üEuglenophyta: consisting of mostly unicellular freshwater 

algae; may be autotrophic or heterotrophic.

üDinoflagellata: flagellate protistis; may be autotrophic or 

heterotrophic; important constituents of plankton.

What are the Choices ?

Ohio University ïInstitute for Sustainable Energy and the Environment

Extracted from:  http://www.lenntech.com/eutrophication-water-bodies/algae.htm
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Phylogenetic Groups of Algae

üChrysophyta: commonly known as golden algae, found 

mostly in freshwater.

üPhaeophyta: commonly known as brown algae, includes 

many familiar marine seaweeds in colder waters.

üRhodophyta: commonly known as red algae, may also be 

purplish in color; includes most of the world's warm-

temperate and tropical seaweeds.

üCyanobacteria: aquatic autotrophic bacteria commonly 

known as blue-green algae; may also fix nitrogen.

What are the Choices ?

Ohio University ïInstitute for Sustainable Energy and the Environment

Extracted from:  http://www.lenntech.com/eutrophication-water-bodies/algae.htm
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Thermophilic

Cyanobacteria

Different Types of Photosynthetic Organisms

Select the Right Tool for the Job

Ohio University ïInstitute for Sustainable Energy and the Environment

http://user.uni-frankfurt.de/~schauder/cyanos/image9.jpg
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Question 3:

What are the cultureôs optimal 

environmental conditions?
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Identify Critical Culturing Parameters

ü Suspended vs. Attached Growth

ü Autotrophic vs. Heterotrophic

ü Enhanced CO2 Concentration

ü Availability of Critical Nutrients

ü Temperature and pH of Growth Media

ü Light Intensity and Light-Dark Cycle

What Makes Algae Grow ?

Ohio University ïInstitute for Sustainable Energy and the Environment
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Question 4:

How can we maintain these conditions?
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Algae Growth Systems

Natural Ponds to Engineered Photobioreactors

Ohio University ïInstitute for Sustainable Energy and the Environment

http://ucommphoto.nmsu.edu/newsphoto/algae_biodiesel.jpg


