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Burning fossil fuels has affected Earth’s ecosystems dramatically in recent years. Canada alone burned 1,309 gigawatt-hours of fossil
fuels in 2017, which increased to 1,516 gigawatt-hours in 2018 (Statistics Canada, 2021). This intense consumption stresses the impor-
tance of conducting research on viable alternatives to fossil fuels. Biofuel is a source of renewable and sustainable energy that is derived
from living matter such as animal waste, plants, fungi, and algae. In this experiment, four different species of algae (7etraselmis sp.,
Pavlova sp., Isochrysis sp., and Chaetoceros sp.) were cultivated in laboratory conditions over fourteen days. A light meter application
(Lux Light Meter Pro) was used to measure the growth rate of each algae species, and a microscope was used to count the amount of
cells present in each culture. Results from this experiment showed that Pavlova sp. had the most significant increase in cell count (91,
000 cells) and decrease in light intensity (14 lux), yet Tetraselmis sp. maintained the highest growth rate of 5.1%. Therefore, Tetraselmis
sp. would acquire the most biofuel due to its high lipid content. Research like this is fundamental because the knowledge of the extent to
which species-specific algae produce the most biofuel will help make biofuel production economically feasible and efficient.

INTRODUCTION

In recent years, drastic changes in weather patterns, such as an in-
crease in snowstorms, hurricanes, and excessive rainfall have been
noticed in many areas, including Newfoundland and Labrador.
These dramatic alterations are most likely caused by global cli-
mate change (Williams, 2019). One of the leading causes of global
climate change is the building up of greenhouse gasses in the at-
mosphere due to the burning of fossil fuels (The Causes of Climate
Change, 2022). Canada alone burned 1,309 gigawatt-hours of fos-
sil fuels in 2017, which increased to 1,516 gigawatt-hours in 2018
(Statistics Canada, 2021). These findings in fossil fuel propelled
me to conduct research on biofuel, which is considered an alterna-
tive to fossil fuel.

Newfoundland and Labrador is surrounded by vast seawater,
and the population of algae in its water is astronomical. My curi-
osity grew: could algae be a prime source of biofuel? After much
research and inquiring to professionals, I found that fast growing
microalga species produce large amounts of biomass. I also learned
that algal lipid content is crucial for biofuel production, as it has
fatty acids. I ventured out to cultivate four different species of algae
(Isochrysis sp., Tetraselmis sp., Chaetoceros sp., and Pavlova sp.).
By doing so, I wish to find which species possess the fastest growth
rate, attain the highest lipid content, and produce the most biofuel.

HYPOTHESIS

Three hypotheses were tested by carrying out the above ex-
periment: (1) Tetraselmis sp. would have the highest growth rate
because of the predominance of chlorophyll. (2) Tetraselmis sp.
should produce the most biofuel because these species acquire a
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large amount of fatty acid, specifically docosahexaenoic acid
(DHA). (3) The light intensity of all algae cultures will decrease
as algae biomass increases because the algal cells will absorb
light from the fluorescent light source.

MATERIALS AND METHODS

During the experiment, each of the four species was cultivat-
ed in separate containers for fourteen days. The containers were
filled with 2 liters (L) of 30 parts per thousands (ppt) salt water
kept at room temperature and 3 milliliters (mL) of F/2 nutrient
solution parts A and B. Three species (Zetraselmis sp., Paviova
sp., and Chaetoceros sp.) were connected to a fish tank air pump
to aerate the culture. I intentionally let Isochrysis sp. grow with-
out aeration to see if this affects the growth rate. The Chaetoceros
sp. required an additional 20 mL of silicate along with the F/2
nutrient solution in order to grow. Each culture was kept approx-
imately 20.3 centimeters (cm) away from the fluorescent light.

A Light Meter application (Lux Light Meter Pro) was used
to measure the light intensity which was then used to measure the
growth rate of algae. The application downloaded on my iPhone
XR was placed 30 cm away from each culture, and the light in-
tensity was measured for fourteen consecutive days. On the last
three days of my experiment, the cell count of each species was
conducted using a microscope. Then, 2 mL of each species was
filtered using coffee filter paper. The species was then transported
to a microscope, where the cells were manually counted.

Due to the toxicity of chemicals required for oil extraction, I
could not perform the following portion of the experiment. How-
ever, | carried out a literature review on extracting biofuel from
algae. Once the algae were grown, each species could be filtered
and left for several hours to dry. A ratio of 20 mL of chemical
solvent hexane to 1 gram (g) of dry-weight algae can be used to
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extract oil from algae. It would then take a few hours until the 1o

oil entirely separates. Once it is complete, the algae have sunk to 100
the bottom, and the oil is afloat. A graduated syringe can extract
and measure how much oil is present in each culture. The species
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that accumulates the most oil will also produce the most biofuel i e
(Hannon et al., 2010). 2
RESULTS £

The findings from this experiment express remarkable outcomes.
As shown in Figures 1.1 and 1.2, the color of all algae species
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changed dramatically throughout all fourteen days. On Day 1 50 —e—Chaetoceros

(Figure 1.1), it is evident that each culture looked lightly tint- Isochrysis
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ed. As the days went by, the color of each culture became more & 5 . = N o a5 o -

prominent

Figure 2 shows that as the turbidity of the cultures increased
and the light intensity decreased. A linear regression equation
between the cell count and corresponding light intensity was de-

Figure 1.1: Cultures on day 1. From left to right: Paviova,
Tetraselmis, Chaetoceros, and Isochrysis.

-

Figure 1.2: Cultures on day 14. From left to right: Paviova,
Tetraselmis, Chaetoceros, and Isochrysis.

veloped, as shown in Figure 3. In the equation, y represents the
cell count while x represents the light intensity in lux. It appears
that the cell count is indirectly proportional to the light intensity.
Therefore, the regression equation was used to calculate the cell
count of all species.

Figure 4 shows the cell count of all species during the four-
teen days. Two data points were missed in Figures 2 and 4 during
days 8 and 9. The absence of these data occurred because a light
bulb decamped as the algae species grew. Surprisingly, the Pav-
lova species had the most significant decrease in light intensity
of 14 lux (Figure 2), coinciding with an increase of 91, 000 cells
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Figure 2: Light intensity versus days
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Figure 3: Light intensity versus cell count

(Figure 4). Tetraselmis sp., Chaetoceros sp., and Isochrysis sp.
increased by 54,000; 55,000; and 18,000 cells, respectively. The
light intensity decreased by 6 lux for Tetraselmis sp. and Chaeto-
ceros sp., and 2 lux for Isochrysis sp.

Levasseur et al. (1993) calculated the growth rate of marine
phytoplankton using the following equation,

NN,

............. Equation 1
t)—ty

where @ = growth rate in percentage
N1 = biomass at timel (t1)
N2 = biomass at time2 (t2)
The growth rate in percentage was calculated using the fol-
lowing equation,

wm=pux100................ Equation 2

The growth rate equation (Equation 2) was used to deter-
mine the growth rate of each algae species, shown in Figure 5.
Tetraselmis sp. had the highest growth rate of 5.1% while Paviova
sp., Chaetoceros sp., and Isochrysis sp. had a growth rate of 2.7%,
1%, and 0.6%, respectively.
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DISCUSSION

Figures 1.1 and 1.2 show that the color of all cultures changed from
transparent to pigmented throughout all fourteen days. This change
in pigmentation suggests that color is a good indicator of whether
the species are growing but does not determine the growth rate of
algae.

The light source was constant throughout the experiment and
the light meter application was used to measure light intensity of
each culture. Figure 2 shows that as the turbidity of the cultures in-
creased, the light intensity decreased. A high concentration of algae
absorbs more light from the fluorescent light source and reflect less
(Metsoviti et al., 2019). As a result, the light intensity decreased.

Figure 4 displays the cell count of all species during the ex-
periment. Pavlova sp. had the most significant decrease in light in-
tensity (Figure 2), coinciding with the increased cell count (Figure
4). Pavlova sp. has a symbiotic relation with bacteria strains such
as Citrobacter sp. These bacteria strains enhance growth promotion
and co-culturing by synergistically effecting each other’s metabo-
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lism (Ahamed et al., 2015). Therefore, Paviova sp. may have had
a significant decrease in light intensity and increase in cell count
due to the hyperproliferation of Citrobacter sp.

Based on Equation 2, results show that 7etraselmis sp. had
the highest growth rate of 5.1%, thus supporting my hypothesis.
This difference occurred because the excessive chlorophyll in 7et-
raselmis sp. stimulates algae growth (Pereira et al., 2019). Pav-
lova sp., Chaetoceros sp., and Isochrysis sp. had a growth rate
of 2.7%, 1%, and 0.6% respectively. The Isochrysis species’ cell
count did not vary significantly. This invariant cell count proves
that aeration is essential in growing algae. Chaetoceros sp. had
the second-lowest growth rate, suggesting that the difference in
nutrients did not affect the growth rate of algae.

Biofuel production is economical and easy due to its very few
requirements (Gharagozloo et al., 2014). When algae grow, they
undergo photosynthesis, converting sunlight energy into energy
stored in oils, more specifically known as lipids. The lipids form
triacylglycerols, which can be separated from algae through Hex-
ane Soxhlet extraction. (Cassidy, 2010). The mixture then goes
through the next phase: transesterification. This process allows
chemical catalysts like methanol to react with the hexane solution
and create a mixture of glycerol and biodiesel (Algae to Energy
Systems Lab Experiments in Growth Optimization, 2015). Lastly,
in the decatenation stage, the glycerol and biodiesel mixture will
separate in resting tanks due to gravity and different densities. It
is estimated to take 8-24 hours until the process is complete. Once
it is finished, biodiesel will float, leaving glycerol to sink to the
bottom of the tank (Bulnes et al., 2021). The left-over glycerol
is not wasted, instead, the mixture is purified through acidifica-
tion. The glycerol is used for food supplements or as humectant in
pharmaceutical formulas (Abdul Raman, 2019). Based on my lit-
erature review, Tetraselmis sp. acquires the most lipids because of
the dominance of Docosahexaenoic Acid (DHA) and other fatty
acids, which are critical metabolic precursors for lipid mediators
(Harwood, 2019). As a result, the Tetraselmis species will pro-
duce the most biofuel.

Biofuel is a form of renewable energy (Biofuel, 2021). It is
mainly used as transportation fuels, but as research evolves, bio-
fuel may be used to generate electricity and heat. It is important
to explore different sources of energy to see which can help make
planet Earth sustainable.

CONCLUSIONS

Findings from my experiment can be summarized as follows: (1)
Tetraselmis sp. has the highest growth rate among all four species
and Paviova sp. endured the most significant change in light in-
tensity and cell count. (2) Isochrysis sp. had the lowest cell count
and growth rate, showing that aeration plays a critical role in the
conservation of algae. (3) Tetraselmis sp. has obtained the high-
est oil content because of the supremacy of DHA. Though many
exciting outcomes have been obtained through this experiment,
much more research needs to be carried out such as finding what
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other species will acquire the most biofuel, if there are other
harmless methods of obtaining biofuel from algae, the circum-
stances needed for optimal algae growth, etc. Growing algae on
a commercial scale may also be beneficial because the oil will be
extracted in larger volumes, making biofuel production econom-
ical and feasible.
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