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Purpose

To determine which extraction method or pretreatment (Bligh and Dyer,
Modified Bligh and Dyer, Electroporation, Osmotic Pressure, Microwave,
Enzyme-Assisted Extraction, or Fungus-Assisted Extraction) recovers the
greatest percentage of crude algal lipid, is the cheapest, uses the least
amount of energy, and requires the least amount of time.

Hypothesis

If the extraction method affects the amount of crude lipids recovered for
economically feasible biofuel production, then the Bligh and Dyer Method
with no pretreatments will be the most economically feasible because it is
the oldest and most reliable method for obtaining algal lipids without
depreciating the lipid quality. It is cheap to do and does not require

extensive time.
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Statistical Analysi
Analysis of Variance (One-Way)
Summary
Groups Sample size Sum Mean Variance
B&D Chloroform:Methanol 3 28.38 9.46 0.246
B&D NaCl Water 3 34.47 11.49 0.214
B&D Chloroform: Ethanol 3 28.29 9.43 0.239
B&D Chloroform: Isopropanol 3 22.31 7.44 0.234
5M NacCl 3 40.19 13.40 0.385
Electroporation 3 35.82 11.94 0.405
Electroporation/5 M NaCl 3 22.28 7.43 0.333
Microwave 3 3344 11.15 0.575
Enzyme Mixture 3 38.88 12.96 0.649
Fungus Super Medium Without Algae 3 41.07 13.69 0.570
Fungus Electroporation Without Algae 3 62.48 20.83 0.839
Fungus Sonication Without Algae 3 35.82  11.94 0.697
ANOVA
.. F
Source of Variation 5SS df MS r pelevel  crit
Between Groups 416.25 11.00 37.841 52.10 <.00001 2.22
Within Groups 17.44 24.00 0.727
Total 433.69 35.00

Discussion

* The goal of the project was to determine the most economically *
feasible method of lipid extraction in the algae strain Chlorella
vulgaris in a wet growth medium.

* The enzyme method of extraction is one of the most promising
methods for enhanced extraction because of its high yields and
low energy requirements. However, the problem is that it is too °
expensive.

* It is so costly because it requires an extensive process to extract
and purify the enzymes. The extraction process is very similar to
extracting the lipids from algae: if the two methods are
combined, then the cost of the enzymes is almost entirely
eliminated, like in the fungus method.

* Aspergillus niger, was found to contain a wide variety of
enzymes that break down the algal cell wall.

* To release the enzymes from the fungus, electroporation
proved to be an effective method. These enzymes assisted in
breaking down the cell wall, providing for easier solvent
extraction and maximum lipid recovery.

* First, the lipid yields of all the methods were graphed in Figure
I. The lipid yield is the percent of the total mass of the algae
sample that was retrieved as lipids in each method.

* The highest lipid yield was Fungus Electroporation (Method #1 1)
with 20.83% and the second was Osmotic Pressure (Method #5)
with [3.40%.

Next, the percent lipid yields were compared to the
baseline method: the Bligh and Dyer Chloroform:Methanol
(Method #1) in Figure 3 as lipid yield improvement.

* The Fungus Electroporation Method had the highest
percent yield improvement at 120%.

Looking at economic analysis in Figure 4, average cost

and algal lipid yield were compared on a scatterplot,
looking for the method that had the lowest cost and
highest yield.

* The results showed that the fungus electroporation
method (critical point #1 |) was one of the cheapest and
had the highest yield, costing $2.13 per gallon of oil and
having a 20.83% yield.

* It is interesting to note the cheapest method is
Electroporation (critical point #6) however its percent
yield is not nearly as high, therefore the overall cost is
much higher ($14.95 per gallon)

* When looking at time, the Fungus electroporation
method (critical point #11) had the greatest time
(11,530 seconds). This is due to the two-hour incubation
period for the enzymes to break down the cell wall.

* When amplifying the cost of each method to include the Growth,
Harvesting, and Extraction steps combined, the cost of algae biofuels
is significantly reduced with the Fungus Electroporation Method.

(Figure 2)

* When more lipids are able to be retrieved from the algae, less
algae has to be grown and harvested, significantly decreasing the

cost.

* The cost of the Fungus Electroporation method is $9.49 per
gallon including the growth, harvesting, and extraction step. The
cost of the baseline is $18.85 per gallon, thus reducing the cost by

49.7%.

* One error resides in the fact that the experiment was done on a

small scale.

* This results in the cost being much higher per gallon of oil
created than if the oil were produced in a large factory. The
proportions of costs are still comparable due to the ANOVA test
results. However, they may not represent the equivalent costs of
the project if it were done in large scale.

* One limitation of the data is the type of lipids was not analyzed,
therefore further research into the Fungal-Assisted Method should
be done to measure its potential for success on industrial scale. This
was a preliminary study and more research is needed before the

method is feasible.

Applications and Conclusions

* According to the Department of Energy, the price per gallon of algae
oil is around $20.00 per gallon, whereas the cost of gasoline per
gallon in the United States is anywhere from $2.00 to $4.00.

* With this years project, the cost is further reduced with the new
designed method of fungus electroporation.

* The cost does not take into account the potential of combining the
harvesting and pretreatment method (electroporation), growing the
algae with the fungus, or the additional lipid content the fungus

provides.

* Future research could be focused on creating optimal conditions for
growing the fungus and algae together and combining the harvesting
and extraction pretreatment of electroporation.

* Fungus and algae form the symbiotic relationship known as lichens
and are extremely hardy, being able to survive almost any
conditions. This will allow for further stressing on both the
organisms and less requirements for growth—increasing the yield
of lipids and lowering the costs.

* Other future research can focus on how this method can benefit the
water industry and water purification.

* It is already proven that the algae can clean up wastewater,
however it is not perfect, so what if the combination of Aspergillus
niger and Chlorella vulgaris will aid in removing toxins from water?

* The speed, amounts of water, and recycling processes can all be
researched, providing the most efficient and environmentally
friendly device for growing, harvesting, and extracting the algae all

at once.
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