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Figure 3. Consumption of soluble Carbon and Nitrogen
throughout the 10 day cultivation.
Note, each media was
normalized to the concentration of total nitrogen to 14 mg/L which
includes soluble and particulate nitrogen. The data indicate
nitrogen was not the limiting nutrient for YE. The muscadine
media had a substantially higher soluble organic carbon content,
and coincidentally had the highest yield. Soluble organic carbon
was consumed during cultivation which indicates the algae cells
most likely are growing mixotrophically. Carbon could have also
been the limiting growth nutrient in some cases.

15 mL samples were removed everyday. Optical density and pH were monitored when samples were
removed. Approximately 10 mL of each sample was filtered through a 0.1 micron PVDF syringe filter, then
stored at -4oF for non-particulate total nitrogen testing.
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Figure 3. Yields of batch reactors cultivated for ten days.
Dry weights were measured with total suspended solids
testing (TSS) on Day 0, when the cultures where made,
and on Day 10 when the study was concluded. The graph
above shows the difference from between the two sample
points. It is possible that some of the organic particulate
was consumed by the algae, in which case the dry cell
weight above underrepresents the actual value. Highest
yield was observed in the muscadine media, which had
the most organic carbon.

Conclusions and Prospective for the future
Nitrogen is a major nutrient required for algae cultivation. One current
source of nitrogen we have used to cultivate Chlorella Proteocoides is YE,
which can be obtained from any major chemical supply company (e.g.
VWR). Yeast extract contains the soluble portion of autolyzed yeast, and it
serves as the primary nitrogen source in the media used to cultivate algae.
We substituted our own yeast (soluble and insoluble portions) from a
fermentation and distillation process performed on campus. These data
suggest that yeast can substitute nitrogen and also provide other minor
nutrients required for algal growth. Using a locally produced yeast also
eliminates the need for processing and transportation of yeast extract,
therefore reducing the energy used and increasing sustainability.

Algae are an attractive feedstock for third generation biofuel synthesis due
to their relatively simple growth conditions, they do not compete with food
demand, and because of their natural ability to convert greenhouse gases
into biomass. Several million tons of waste is generated from industrial
distillation operations and breweries annually. As the demand for energy
and renewable energy infrastructure continually
increase, sustainable practices are becoming a more
integral part due to the cost benefits and the added
environmental advantages associated with co-product
recycling.
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Batch reactors were inoculated with 8.9E7 Chlorella Protothecoides cells. A live control was made by
spiking algae into DDI water. Non-spiked controls of each type of substrate were maintained without algae.
Batch reactors were continuously stirred with a stir bar at 30 rpm to keep the algae suspended and air was
sparged at 100 mL/minute.
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Duplicate experimental groups were prepared using yeast extract (YE) obtained from VWR, turbo yeast from
muscadine fermentation/distillation, and turbo yeast from sorghum fermentation/distillation. Media were
normalized to 1mM of TKN as N.

Day

8

Figure 4. Concentration of protons in the
batch reactors. The control bottles, which did
not contain algae, showed a similar trend in
the raising of the pH (data not presented).
The raise in pH which may be correlated to a
photo-catalytic breakdown of the non-viable
yeast cells. By comparing the graph above
and the soluble nitrogen consumption, it may
be concluded that growth and synthesis was
completed within 4-6 days. Constituents of
the media may have become more
bioavailable in soluble forms later in the
growth period, however they most likely
would be immediately consumed without
showing any rise in soluble nutrient
concentrations.

The nitrogen concentration of 1 mM was chosen, which is roughly 200
times dilution of with water, only to overcome turbidity limitations. With
higher concentrations, the media became cloudy and the light flux into the
media would severely limit autotrophic growth of algae. Since we can see
carbon depletion in the media, a logical next step would be to try and
cultivate algae in a heterotrophic conditions (also known as dark
conditions). In these conditions light would not be needed to cultivate
algae and much higher concentrations of waste yeast feedstock could be
utilized to achieve higher culture densities of algae.
Figure 2. Left- Distillation column in operation. Right – Batch reactors of freshly spiked media.
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Once fermentation was complete, the contents were put into a Brewhaus 13 gallon distillation column.
Distillation was carried out circa 172 degrees F, and was performed until the distillate quality dropped
below roughly 70% alcohol. The distillation reservoir was allowed to cool and settle. The yeast sludge was
collected from the from the bottom after decanting off the supernatant. The sludge was sent to the
Clemson Agricultural Service Lab for Total Kjedahl Nitrogen testing. These results provided values for the
amount of organic nitrogen and ammonia.
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Sorghum juice was obtained from the Peedee Research Station in Florence, SC. Likewise, muscadine
juice were obtained from Musser Fruit Farm in Seneca, SC. Five gallons of these sugar sources were
boiled for 20 minutes until sterilized. The juices were cooled to 80 degrees F and placed into a sterilized,
eight gallon conical fermenter. Twelve ounces of dried Pure Turbo Yeast (Alcotec) were added, and
contents were allowed to ferment for more than 48 hours.

2

100

Day

Materials and methods

Muscadine/Turbo Yeast
Sorghum/Turbo Yeast
Yeast Extract

5.0

0

Figure 1: Chlorella Protothecoides cultivated in byproducts of muscadine fermentation and distillation
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This Creative Inquiry performed fermentation and distillation of sorghum and muscadines. The distillation
waste products, specifically yeast, from the aforementioned process were used as nutrient sources for
algae cultivation (Chlorella protothecoides). Algae is an ideal feedstock for many renewable fuels
processes including gasification, anaerobic digestion, and processing into biodiesel. Fermentation and
distillation are processes currently used to produce corn ethanol, which replaces up to 10 percent of petrol
gasoline. Many places throughout the world use fermentation to create alcoholic beverages, and
distillation can be performed to create spirits. Yeast is the key microbe used to convert sugar into ethanol
for all processes. After fermentation is completed, most of the yeast is disposed of due to a large fraction
of it being dead or inactive. In this creative inquiry, we are collecting the waste yeast and using the
nutrients contained within to cultivate an energy crop: algae.
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Figure 6. Theoretical “Integrated Biorefinery” process flow diagram. These experiments are being
performed to show feasibility in creating an integrated biorefinery. That is, a refinery that can
create multiple types of fuels from varying feed-stocks. Ethanol may be produced from the
fermentation/distillation process of any sugar or starch containing entity. Our experiments have
shown that waste products from fermentation and distillation may be in turn utilized to cultivate
algae. Algae can be harvested and used as a feed-stock for multiple fuels. Oil can be removed
from algae and undergo an established chemical process to create biodiesel, or the algae can
under go gasification to create Syngas (hydrogen).

