
Algae Biotechnology 

A brief history and the 
state of the art 



Aquatic Species 
Program 

• Initiated 1978 

• Closed in 1996 

• Primary Goal: 
– Biodiesel from Algae 

– Use CO2 from Coal fired 
powerplants 

 

 



Aquatic Species Program 
Accomplishments 

 
– Collection of algae 

(~300 isolates) 
• Mostly from 

southwest 

 

– Enzyme isolation and 
expression 
• First successful 

genetic manipulation 
of a diatom 

(No increase in oil) 

 

 

– Outdoor Test Facility 
(Roswell, New Mexico) 

• Open, raceway ponds 

• Year round production 

• Highly efficient CO2 
utilization (>90%) 

 

–  “Algal biodiesel could 
easily supply several 
“quads” of biodiesel—
substantially more than 
existing oilseed crops 
could provide. “ 

 



Important contributions from ASP 

The Raceway Pond 



Important contributions from ASP 
The Algae Farm Concept 



Important contributions from ASP 
Utilization of Sewage 



Important contributions from ASP 

Kadam, K.L. (1994) “Bioutilization of coal combustion gases.” Draft Milestone Completion 
Report, Recovery & Delivery, National Renewable Energy Laboratory, Golden, Colorado. 



ASP Outdoor Raceway Conclusions 
• Low nighttime and winter temperatures 

limited productivity  

 

• Overall biomass productivity averaged around 
10 g/m2/day with occasional periods 
approaching 50 g/m2/day.  

 

• One serious problem encountered was that 
the desired starting strain was often outgrown 
by faster reproducing, but lower oil producing, 
strains from the wild. 



ASP Recommended Future Research 

1. Put less emphasis on outdoor field demonstrations and 
more on basic biology 
 

2. Take Advantage of Plant Biotechnology 
 

3. Start with what works in the field 
 

4. Maximize photosynthetic efficiency 
 

5. Set realistic expectations for the technology 
 

6. Look for near term, intermediate technology deployment 
opportunities such as wastewater treatment 



DOE Algae Roadmap- 2010 

U.S. DOE 2010. National Algal Biofuels Technology Roadmap. U.S. Department of Energy, Office of 
Energy Efficiency and Renewable Energy, Biomass Program.  
Visit http://biomass.energy.gov for more information 



DOE Algae Roadmap- 2010 Overview 



Energy Independence and Security Act (EISA) 2007 



Why Algae? 



Photosynthetic Efficiency 

**Algae can have photosynthetic efficiencies over 10%!** 



Where are the breakthroughs needed? 

– Algal biology 
• Who do we grow? 
• What is the best method of cultivation? 

 

– Algae Harvesting 
• The most expensive process in algae cultivation! 

 
 

– Algae fuel generation and conversion 
• Lipid extraction 
• Biodiesel, Biojet fuel production 
• Residual utilization 

– Anaerobic digestion 
– Animal feed evaluation 

 
 
– Utilization of algal fuels 

• Beyond our scope! 
 



DOE Algae Roadmap- 2010 Overview 



Methods of cultivation- State of the Art 

Fence-like solar collector 

Raceway designs 

Seambiotic  



More methods of 
cultivation 

1000L helical bioreactor  
M. Borowitzka (Australia) 

Horizontal tubular photobioreactor 



More methods of 
cultivation 



Open (pond) and Closed (photobioreactor) 
Systems 



Some Algae of Current Mainstream Interest 



The Ideal Alga 



$ of Algae Oil 



‘Commercial’ Algae Production  
• Health supplements (actual) 

– Earthrise (Spirulina; California ) 
– Cyanotech (Spirulina, Hematococcus;  

Hawaii) 
– SunChlorella (Chlorella; Japan) 
– Far East BioTech (Chlorella; China)  
– Many small ‘boutique’ producers of 

Spirulina and Chlorella 
 
 
 

• Biofuels  (theoretical) 
– Algae Tec 
– Algenol 
– AquaFlow 
– Aurora 
– BioVantage 
– Blue Marble 
– Cellana 
– Green Star Products 
– Heliae Development LLC 
– HR Biopetroleum 
– Joule Biotechnologies 
– Kent Bioenergy Corporation 
– LiveFuels 
– Origin Oil 
– PetroAlgae 
– PetroSUn 
– Photon8 
– Phycal 
– Sapphire Energy 
– Seambiotic 
– Solazyme 
– Solix 
– Synthetic Genomics 



Physical, biological and ecological 
limitations 

• Physical 
– Light diffusion into dense cultures 
– Diffusion of heat 
– Efficient gas exchange 
 

• Biological 
– Photo-inhibition 
– Photo-oxidation 
– Matching photosynthetic capacity with carbon fixation 
 

• Ecological 
– Increasing culture stability 

• Reducing impact of viruses and predators 

– Sustainable water and nutrient supplies 
• Wastewater remediation (and utilization) 

 



Current work in the laboratory- 
Phycoprospecting 

Algal Genera: 
– Scenedesmus spp. 
– Chlorella spp. 
– Gloeochloris sp. 
– Ankistrodesmus sp. 
– Kirchneriella sp. 
– Chlamydomonas sp. 
– Selenastrum sp. 
– Pandorina sp. 
– Unidentified spp. 

 
• Morphologically identified to genus 

level. 
– Prescott, G.W. 1978.  How to Know 

 the Freshwater Algae, 3rd Edition. 
 WCB/McGraw-Hill, Boston, 
 Massachussetts.  
 

 



Ankistrodesmus sp. 
– Dominant organism in 75% landfill leachate. 

– Unique morphology 

– Accumulates lipids 



Ankistrodesmus sp. 



Chlorella cf. ellipsoidea 
– Present in all concentrations of leachate 

– Dominant growth in low concentrations of leachate 

– Accumulates lipids  

 

 



5um 



Scenedesmus cf. rubescens 
– Single cell, can form colonies 

– ~10um in diameter 

– Settles well 

– Appears not to accumulate oils 



Rhizoclonium sp. 
• Filamentous (easy to harvest) 
• Stores oil! 
• Need to develop method of cultivation 

Oil droplets 

Oil droplets 



Outdoor Cultivation at Landfill 

• h 




