
International Workshop “Aquatic Biomass: Sustainable Bioenergy from Algae?”

Environmental Challenges For Algal Biofuels
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Modified Ramey Fermentation Process

Conversion

[ IV ]
CONVERSION PROCESS

[ III ]
OIL EXTRACTION PROCESS

[ II ]
HARVESTING PROCESS

[ I ]

ALGAE CULTIVATION PROCESS

Supercritical Fluid Extraction 
(Step 1)

Algal Turf Scrubber (ATS) Dehydration & Recovery ProductsProductsProductProduct
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  Algae-to-Biofuel Production Pathways

MODIFIED RAMEY FERMENTATION

Environmental Benefits

• Recycled byproducts: Excess and potentially released CO2 in the butyric acid + hydrogen reactor and 
stripping stages can be recycled through ATS or other cultivation systems when plants are co-located. 

• Minimized inputs associated with distillation.

• Minimized output of acetone, acetic acid, or ethanol byproducts.

Environmental Concerns

• Unknown.

Environmental Unknowns

• Environmental implications of excess CO2 released (instead of recovered) at commercial scale. 

• Environmental implications of new membrane techniques meant to improve efficiency of fermentation reactions.

SUPERCRITICAL FLUID EXTRACTION

See Pathway E-III.

BUTANOL

HYDROGEN

BIODIESEL

FERTILIZER or 
ANIMAL FEEDFermentation or other process (See Pathway C-IV)

Distillation

Condensing &
Decantation

Gel column
absorption

Continuous
stripping

Free Fatty Acids (FFA)

Methanol

SUPERCRITICAL FLUID EXTRACTION

Environmental Benefits

• Increased efficiency: Supercritical carbon dioxide 
extraction is is nearly 100% efficient.

• Liquefaction of CO2 is relatively low energy.

• Recycled waste = zero CO2 emissions.

Environmental Concerns

• Indirect energy input: Liquefaction of gas to fluid 
process could require intense heat and pressure 
(e.g., CO2 = 31ºC vs. Methanol = 240ºC).

Environmental Unknowns

• Management and conversion practices for 
recalcitrant biomass.

Reactor 2
= butanol + CO2

Reactor 1
= butyric
acid + H2

ALGAL OIL
10–20%

RESIDUE
(ash, protein, nutrients)

CARBOHYDRATES

INTEGRATED CULTIVATION SYSTEMS

Environmental Benefits

• Biological wastewater treatment: nutrient uptake, disinfection, pathogen 
neutralization, heavy metal absorption.

• Decreased demand for sewage sludge treatment and disposal.
• Indigenous algae have little or no effect on aquatic life.
• Nutrient-rich water source may eliminate need for exogenous nutrient inputs.

• High water quality outputs.
• Potentially zero waste production.

• Photosynthetic oxygenation maintains aquatic health and possibly 
recuperates dead zones.

• Temporarily redirect surface water, rather than remove or deplete 
groundwater sources.

Environmental Concerns
• Pesticides could be needed to control insects in some instances.
• Biofixation of certain contaminants will limit its potential end use. 
• Evaporation rates may increase above normal when shallow raceway

ponds are used, due to increased surface area of source water.

• ATS raceway ponds liners could have implications for groundwater 
infiltration and materials toxicity.

Environmental Unknowns
• Unknown

SOLAR DEHYDRATION & DECANTATION

Environmental Benefits

• Algal biomass is drained and dried on the 
floway, by turning off the water flow, and 
without being transferred to processing 
equipment.

• Recycled wastewater to the cultivation stage 
without need for pretreatment.

• Minimized amount of thermal energy needed 
when paired with other drying methods.

Environmental Concerns

• Biomass will likely need to be transported 
to another facility for subsequent processing.

Environmental Unknowns

• Unknown.
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  Algae-to-Biofuel Production Pathways
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Environmental Benefits

• Recycled byproducts: Excess and potentially released CO2 in the butyric acid + hydrogen reactor and 
stripping stages can be recycled through ATS or other cultivation systems when plants are co-located. 

• Minimized inputs associated with distillation.
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• Increased efficiency: Supercritical carbon dioxide 
extraction is is nearly 100% efficient.

• Liquefaction of CO2 is relatively low energy.
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• Indirect energy input: Liquefaction of gas to fluid 
process could require intense heat and pressure 
(e.g., CO2 = 31ºC vs. Methanol = 240ºC).
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Environmental Benefits

• Biological wastewater treatment: nutrient uptake, disinfection, pathogen 
neutralization, heavy metal absorption.

• Decreased demand for sewage sludge treatment and disposal.
• Indigenous algae have little or no effect on aquatic life.
• Nutrient-rich water source may eliminate need for exogenous nutrient inputs.

• High water quality outputs.
• Potentially zero waste production.

• Photosynthetic oxygenation maintains aquatic health and possibly 
recuperates dead zones.

• Temporarily redirect surface water, rather than remove or deplete 
groundwater sources.

Environmental Concerns
• Pesticides could be needed to control insects in some instances.
• Biofixation of certain contaminants will limit its potential end use. 
• Evaporation rates may increase above normal when shallow raceway

ponds are used, due to increased surface area of source water.

• ATS raceway ponds liners could have implications for groundwater 
infiltration and materials toxicity.

Environmental Unknowns
• Unknown

SOLAR DEHYDRATION & DECANTATION

Environmental Benefits

• Algal biomass is drained and dried on the 
floway, by turning off the water flow, and 
without being transferred to processing 
equipment.

• Recycled wastewater to the cultivation stage 
without need for pretreatment.

• Minimized amount of thermal energy needed 
when paired with other drying methods.

Environmental Concerns

• Biomass will likely need to be transported 
to another facility for subsequent processing.
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• Unknown.
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  Algae-to-Biofuel Production Pathways
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• Recycled byproducts: Excess and potentially released CO2 in the butyric acid + hydrogen reactor and 
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extraction is is nearly 100% efficient.

• Liquefaction of CO2 is relatively low energy.
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(e.g., CO2 = 31ºC vs. Methanol = 240ºC).
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• Decreased demand for sewage sludge treatment and disposal.
• Indigenous algae have little or no effect on aquatic life.
• Nutrient-rich water source may eliminate need for exogenous nutrient inputs.

• High water quality outputs.
• Potentially zero waste production.

• Photosynthetic oxygenation maintains aquatic health and possibly 
recuperates dead zones.

• Temporarily redirect surface water, rather than remove or deplete 
groundwater sources.
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• Pesticides could be needed to control insects in some instances.
• Biofixation of certain contaminants will limit its potential end use. 
• Evaporation rates may increase above normal when shallow raceway

ponds are used, due to increased surface area of source water.

• ATS raceway ponds liners could have implications for groundwater 
infiltration and materials toxicity.
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• Unknown

SOLAR DEHYDRATION & DECANTATION

Environmental Benefits

• Algal biomass is drained and dried on the 
floway, by turning off the water flow, and 
without being transferred to processing 
equipment.
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