
Algae Biodiesel Byproduct Utilization for Economic Feasibility
Troy Bakley, Jennifer Solano, Katherine Stewart 

Dr. Whitlow and Dr. Jennings, Department of Chemical Engineering, Florida Institute of Technology

Process Flow Diagram

Novelty
 Pigments, Proteins, acetone, 

butanol and ethanol (ABE) are all 

extracted from a single biomass 

stream.

 Cell disruption through chemical 

conditioning to save energy.

 Single Process utilizing wet and dry 

extraction techniques .

Mission Statement
Algae derived biodiesel could 

allow the United States to produce 

energy domestically and sustainably 

while utilizing the liquid fuel distribution 

infrastructure we already have in place.  

Consistent fluctuations in crude oil 

prices and the need for an 

environmentally sound fuel source 

make biodiesel an attractive alternative 

to crude oil. 

The cost of producing 

biodiesel from algae is the major 

hurdle preventing it from being used on 

a large scale. The goal of this project is 

to investigate if algae based biodiesel 

can be economically competitive when 

valuable algae byproducts are 

harvested in addition to fuel. 

Equipment
R-101: Cell Conditioning Reactor

C-101: Centrifuge for Biomass

R-102: Acidic Cell Conditioning

C-102: Protein Centrifuge  

T-101: Lipid Extractor

V-101: Flash Separator

M-201: Solvent Mixer

P-201 A/B: Pump for SCF

T-201: Protein Extractor

V-201: Flash Separator

CH-201: Chromatography Column

R-301: Fermentation Bioreactor

E-301: Condenser

C-301: Centrifuge

T-301: Multi-stage Distillation Tower

M-401: Catalyst/Solvent Mixer

R-401: Transesterification Reactor

T-401: Distillation Tower

T-402: Glycerol Extraction

T-403: Methyl ester distillation

R-402: Neutralization

F-401: Filter

T-404: Glycerol Distillation 

Major Processes

Cell Conditioning Pigment Extraction Fermentation Transesterification

Chemical conditioning is used to disrupt the cell 

wall of our algae species, Chlorella vulgaris. 

Raising the pH of the biomass and agitating the 

solution for 2 hours in a reactor dissolves many 

of the components that comprise the cell wall 

into an aqueous phase.  The aqueous and solid 

phases are separated by centrifugation.  The 

aqueous phase continues to transesterification 

and pigments are extracted from the solids.

Pigment varieties are difficult to separate from 

one another due to their similar chemical 

characteristics. Chromatography using ethanol 

as the mobile phase and silica as the stationary 

phase allows these valuable products to be 

separated based on their different elution rates.

The sugars contained in the biomass react with 

the enzymes in Clostridia bacteria to produce 

acetone, ethanol, and butanol as shown below. 

C6H12O6 + H2O → C3H6O + 3CO2 +4H2

Glucose                Acetone

C6H12O6 → C4H10O + 2CO2 + H2O

Glucose      Butanol

C6H12O6 → 2C2H6O + 2CO2

Glucose      Ethanol

The fermentation products are separated as 

shown above.

During transesterification, the triglycerides and 

other glycerol based lipids react with an alcohol 

to form biodiesel and crude glycerol. 

C55H98O6 + 3CH4O → 3 Methyl Ester + C3H8O3

Triglyceride Methanol                                  Glycerol

The reactor used is an isothermal continuously 

stirred reactor with a one hour residence time. 

Liquid-liquid extraction and multiple distillation

towers are used to separate the mixture to obtain 

biodiesel and glycerol.


