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Relative Hazards: Diesel and Biodiesel
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dability
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Biodiesel Challengesg
• Cold Weather Operation
• Stability/Storage
• Producing enough feedstock 

oil to replace a large portionoil to replace a large portion 
of petroleump



Oil & Biodiesel yield of 
S b & C lSoybeans & Canola

Soybeans Canola

G llGallons 
biodiesel/acre 50 92biodiesel/acre 50 92
Acres/million 
gallons BD ~24,000 ~14,000

http://www.pioneer.com/usa/agronomy/soybeans/biodiesel.htm



Tortilla Protests



Pasta 
DDemon-
strationsstrations

ItalyItaly

http://www.spiegel.de/img/0,1020,915619,00.jpg



Dilemma



United Nations 
E i t l PEnvironmental Program
• The global rush 

ffor energy crops 
threatens to bringthreatens to bring 
food shortages andfood shortages and 
increase poverty.p y

http://www.cbd.int/images/bioday/2009/partners/unep.jpg



The New Frontier



What is Algae?g
• Simple plant-like organism

– Simple: no leaves, no 
roots etcroots, etc

– Plant-like: photosynthesisp y

• Fast Growth, e.g., Chlorella quadruples g q p
approximately every 24 hours

http://tbn0.google.com/images?q=tbn:rclb7UEFr98Z_M:http://www.microimaging.ca/bursaria.jpg



Oil & Biodiesel yield of 
Soybeans Canola & AlgaeSoybeans, Canola & Algae

Soybean Canola Algae

Gallons 2000Gallons 
biodiesel/acre 50 90

2000-
15000

Acres/million 
gallons BD 24 000 14 000 130gallons BD ~24,000 ~14,000 ~130

http://www.pioneer.com/usa/agronomy/soybeans/biodiesel.htm,  60 billion gal biodiesel = 8 million acres



The Algae Promise?g
• Land 

Required to 
replace 50%replace 50% 
of current US 
Diesel use 
using corn,using corn, 
soybean and 
lalgae

“Algal and Terrestrial Second-Generation Biofuels –Chevron and the New Energy Equation,” P. Bryan, S. Miller, Chevron Biofuels, Chevron ETC 



The Algae Growth Process



Growing Algaeg g
• Light Energy

W
Air 

• Water
• Nutrient: N P K• Nutrient: N, P, K
• Aeration: CO2Aeration: CO2
• pH 6-9p
• Mixing

T• Temperature
http://tbn0.google.com/images?q=tbn:rclb7UEFr98Z_M:http://www.microimaging.ca/bursaria.jpg



Role of 
Air:
CO2CO2,
MixingMixing,
TempTemp



Day  0 Day  1
Day 3  

Day 6Day 6  

Day 7  

Growing 
AlgaeAlgae

Day 10  
Day 8  

Day 11  Day 12  
Foaming, evaporation



The Algae Growth Process



Algae Oil Extraction Challenges
L i t b k d lLysing: to break down algae 
cells to release oil.
Challenges:
•Algae cell walls are g
difficult to break down. 
•Mechanical methods areMechanical methods are 
energy-intensive. 
• Commonly used chemical• Commonly used chemical 
solvents are toxic and 

i i l h dlirequire special handling
http://tbn0.google.com/images?q=tbn:rclb7UEFr98Z_M:http://www.microimaging.ca/bursaria.jpg



Algae Oil Extraction Methods
C ti l th dConventional methods:

Oil expeller/pressp p
Solvent extraction
Supercritical fluid extractionSupercritical fluid extraction

R M h dRecent Methods:
Enzymatic extractiony
Osmotic shock
Ultrasound assisted extractionUltrasound assisted extraction



Algae Oil Extraction Methods: 
Oil Expeller/PressOil Expeller/Press

•Uses high 
Mechanical 
PressurePressure
•Recovers 70-
75%75%
•Palm Oil 
extraction 
cost $0 50/kg

http://www.instructables.com/files/deriv/FHN/XUD4/F54HMG7B/FHNXUD4F54HMG7B.MEDIUM.gif

cost $0.50/kg



Algae Oil Extraction 
Methods: SolventMethods: Solvent 

Extraction
• Most common 

l t i Hsolvent is Hexane
• 95% recovery95% recovery
•Disadvantages:g
• Toxicity

E l i $• Explosion… $



Algae Oil Extraction Methods: 
Supercritical ExtractionSupercritical Extraction

• CO2 is liquefied q
under pressure and 
heated to the point that it 
becomes supercriticalbecomes supercritical 
allowing it to act as a 
solvent
•Extracts almost•Extracts almost 
100% 
•Special equipmentSpecial equipment 
for containment 
and pressure

http://3.bp.blogspot.com/_VyTCyizqrHs/Sju_K__KlxI/AAAAAAAAEEM/EgtCJIbg1T0/s400/supercriticalpressure.JPG



Algae Oil Extraction Methods: 
Enzymatic ExtractionEnzymatic Extraction

• Enzymes degrade Algae EnzymeEnzymes degrade 
the cell walls with 
water acting as the

Algae Enzyme

water acting as the 
solvent. 

C t
Enzymes degrade 
Algae cell walls• Costs are 

estimated to be 
Algae cell walls

Almuch greater than 
hexane extraction.

Algae
Oil



Algae Oil Extraction Methods: 
Ultrasonic Cavitation MixingUltrasonic Cavitation Mixing

•Ultrasonication helps to 
break down the algae cell 
structure and expose p
more of the oil for 
extractionextraction.
•Solvent diffuses to the 
cell structure andcell structure and 
transfer the lipids from 

ithe cell into the solvent. 



Algae Oil Extraction: Cost
• Algae Oil extraction is one of 

th tl hi hthe more costly processes which 
determines the sustainability ofdetermines the sustainability of 
algae-based biodiesel.

k h h i i d• Breakthroughs are anticipated to 
effectively extract oil fromeffectively extract oil from 
algae.

http://tbn0.google.com/images?q=tbn:rclb7UEFr98Z_M:http://www.microimaging.ca/bursaria.jpg



Large Scale Algae Growth: 
Raceway Ponds

Water
NutrientNutrient

Algaeg

W t CO2

http://students.chem.tue.nl/ifp23/interim_report/algae2.jpg

Waste CO2



Raceway Ponds Problems
• Takeover by low oil strains
• Vulnerability to Temperature• Vulnerability to Temperature 

Fluctuations
• High Evaporation Losses

S li h l h• Sunlight can only penetrate the 
pond water to a limited depthpond water to a limited depth.

• Hard to control light exposure
• Minimum Depth about 15 cm



Algae Growth: 80 L Photobioreactor

UNH Biodiesel Lab



Algae Oil to Biodiesel

TransesterificationTransesterification



Algal Biodiesel Energy Balance

TransesterificationTransesterification



Algal Biodiesel Energy Balance
Energy Input Energy OutputEnergy Input Energy Output
Mixing of Culture Algal Oil or
Temperature Control Biodiesel
Supply Nutrient Left Over mealSupply Nutrient Left Over meal
Harvesting Energy
Dewatering
Oil Extraction

Energy 
Output >?

EOil Extraction
Transesterification

Energy 
Input 

Transportation, others
p



Water more precious 
th Oil F tthan Oil. Fact

“Two out of every threeTwo out of every three 
people in the world will be p p
facing water shortages by 
2022025… 

Global Conflict willGlobal Conflict will 
inevitably result… “y

- United Nations



Non-Fresh (Impaired) Water 
use in Algaeuse in Algae

• Municipal Wastewater• Municipal Wastewater
• Agriculture Wastewater• Agriculture Wastewater
• Brakish Water• Brakish Water
• Geothermal water & heat• Geothermal water & heat



Algae Farming in Wastewater
• Environmental 

Benefit: UsingBenefit: Using 
Nutrient Rich

t twastewater



Biodiesel from Algae
• Environmental 

Benefit: Using SeaBenefit: Using Sea 
water

http://www.coping.org/travels/leaf/nhsea/sea21.jpg



Biodiesel from Algae
http://www.americasheartland.org/episodes
/episode_422/really_going_green.htm

http://www.coping.org/travels/leaf/nhsea/sea21.jpg



Summary
• Algae is a promising alternative 

Summary
feedstock for Biodiesel Production

• Algae Oil extraction is a key factorAlgae Oil extraction is a key factor 
of having viable Algal biodiesel

• Developing cost-effective 
techniques for oil extraction istechniques for oil extraction is 
very important
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Recap
g
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