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Bioenergy & Sustainable Technology 

Research: 

Anaerobic digestion technology 

for renewable energy production 

from biomass and organic 

residues, including food waste, 

livestock waste, bioethanol and 

biodiesel by-products, and 

energy crops. 

Bioprospecting for high-lipid 

producing algal strains and 

development of culturing 

techniques for lipid 

enhancement. 
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Anaerobic digesters 



Biogas as fuel 
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Florida’s Recycling Goal 

• 75% recycling of MSW by 2020 

• 30% of MSW is currently recycled 

• Food waste = 7% of MSW in Florida 

• Food waste diversion supports the 

recycling goal 



Food Waste in Florida 

• 1.75 million tons generated annually 

• Only 3% is recycled 

• Most is currently landfilled 



Food Waste 

• Food waste is generated throughout the community 

– Farms 

– Food processors 

– Grocery stores 

– Restaurants 

– Schools 

– Hotels 

– Prisons 

– Households 



Composition of Food Waste 

• High moisture content 

• Contains valuable plant nutrients 

• Potential feedstock for biofuels 



Benefits of Anaerobic Digestion 

of Food Waste 

• Diverts waste from landfills 

• Reduces landfill GHG emissions 

• Reduces pollutants and total volume of leachate 

• Produces renewable energy ~ biogas 

• Recovers valuable nutrients 

• Reduces transportation costs and emissions 

when food waste is digested locally 



East Bay Municipal Utility District 
Oakland, California  

EBMUD's wastewater 

treatment plant, Oakland 

Anaerobic Digesters 



Food Waste Delivery 

East Bay Municipal Utility District  



Dining Hall Leftovers 





Diverting Food Waste from Landfills 

Portable Food Waste 

Anaerobic Digester 

Discussing food waste 

digestion with elementary 

school students in 

Newberry, Florida 
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BIOGAS and ALGAE 

• Nutrient-rich effluent from 

biogas production can be 

used for mass cultivation 

of algae 



NUTRIENT MANAGEMENT 

• Land application is the most 

sustainable option for manure nutrients 

• Nitrogen 

– Haber-Bosch process is energy intensive 

• Phosphorus 

– Finite resource 





• Fugitive nutrients 
–Wild algae 

• Farmed algae 
–Domesticated algae 



Aquatic Plants 



PLANT CITY, FLORIDA 



PLANT CITY, FLORIDA 



Algae 



Characterizing Indigenous Algae of Interest 

– Auto-flocculation 

– Storage products 

   (lipids, starches, pigments) 

– Growth rates  



Parabolic annular reactor 



Diversity of Lipid-rich Indigenous Algae 
Algae stained with Nile Red and photographed under epi-fluorescent illumination. Yellow coloration indicates stained lipid 

bodies and red coloration shows chlorophyll auto-fluorescence. (A) Fragilaria sp. from a riverine system adjacent to a 

major highway. (B) Unidentified chlorophyte collected from agricultural soils. (C) Chlorella cf. ellipsoidea from municipal 

solid waste landfill leachate. (D) Ankistrodesmus sp. from municipal solid waste landfill leachate. (E) Navicula sp. from a 

manure lagoon. (F) Rhizoclonium sp. from a wastewater treatment facility. (Scale bar = 10 micrometers). 





Bioremediation with Algae  

• Algae are capable of utilizing ammonia-

nitrogen for cell biosynthesis. 

• Photosynthetic algae produce molecular 

oxygen as a by-product of photosynthesis, 

reducing the COD. 

• Algae can tolerate extreme environments, 

which many plants can not. 



Landfill Leachate 

• Landfill leachates are 
detrimental to the 
surrounding environment. 

• Landfill operators must 

manage their leachate for 

>30 years post closure. 

• Landfills in Florida produce 

leachate at an average rate 

of ~770gal/acre/day. 

 

 

 

 

 

 

 



Outdoor Cultivation at Landfill 



Schematic of an algal bioremediation facility treating landfill leachate. 



Anaerobic 
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Biodiesel and Bioethanol from Algal Biomass 



• Which algae to grow ? 
– Local strains are best fitted 

– Strains indigenous to manure types 

• When to grow ? 
– Warm weather crop 

– Greenhouse cultivation 

• How to harvest algae ? 
– Size and density 

– Mechanical / Chemical 

– Drying 

• Is there a market for manure algae ? 

Algae on the Farm - Challenges 



BioEnergy Summer School 

Overview 

• Undergraduate introduction to 
bioenergy and sustainability 

 

• Hands-on research experience 

 

• Combination of lectures, field 
trips, laboratory lessons, and 
discussions 

 

• Group and individual projects 

 











Outreach 

 



Biodigester under construction 

in Pursat, Cambodia – July 2010. 



National Biodigester Programme 

Cambodia (July 2010) 















The Human Ecosystem 
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