Design You Own Algae Biofuel Company – Scientific Evidence Packet

Figure 1: Areas of optimal climate for growing algae biofuels (figure on the left). The figure on the right
shows locations within the optimal climate area that are within 20 miles of a wastewater source and a
source of carbon dioxide emissions from power plants (to feed to the algae).
Source: Algal Biofuels Technology Roadmap. 2010. U.S. Department of Energy.

Figure 2: Average
annual oil production
from algae based on
climate and water
resources available.
These calculations were
made by a researcher at
the National Renewable
Energy Lab, note that
this map differs from the
map in Figure 1.
Source: “Making Biofuel
from Microalgae.”
American Scientist. 2011.
http://www.americanscienti
st.org/issues/feature/2011/
6/making-biofuel-frommicroalgae/99999
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Figure 3: Examples of closed systems (photobioreactors) for growing algae.

Figure 4: Examples of open systems for growing algae. The systems in these photos are called
‘raceway ponds.’
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Figure 5: Lipid content of different
algae classes (higher lipid content is
favorable for algal biofuel production).
Red dots indicate algae that are
stressed, meaning they are nutrientstarved. Green dots are algae that
have plenty of nutrients.
Source: “Making Biofuel from Microalgae.”
American Scientist. 2011.
http://www.americanscientist.org/issues/fea
ture/2011/6/making-biofuel-frommicroalgae/99999

Figure 6: Lipid content of different
combinations of algae species.
“Species richness” means the
number of species of algae that are
living together. “Laboratory” means
the algae were grown in a
laboratory, and “field” means the
algae were found in the
environment. Do you see a trend
between lipid content and the
number of algae growing together?
Source: Stockenreiter et al, The effect
of species diversity on lipid production
by micro-algal communities. Journal of
Applied Phycology 24, 2012.
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Table 1: Advantages and challenges of growing algae in open and closed systems. “Photoautotrophic
cultivation” means growth in which algae use light as an energy source and carbon dioxide as a carbon
source. “Monoculture” means that a single kind of algae is growing. Open ponds are difficult for
maintaining monocultures because all kinds of organisms can get into the ponds, such as bacteria, other
algae, and predators that can harm the algae that you want to grow.
Source: Algal Biofuels Technology Roadmap. 2010. U.S. Department of Energy.

Table 2: Net Energy Ratio (NER) of algae biomass and oil production in closed systems
(photobioreactors) and open systems (raceway ponds). NER is the amount of energy in the algal biofuel
divided by the amount of energy used to produce the algae biomass or fuel. Therefore, a NER greater
than 1 is desirable (to make more fuel than you use), and a higher number is more desirable. The NER
for both open and closed systems was calculated and is given in the bottom two rows.
Source: Jorquera et al. Comparative energy life-cycle analyses of microalgal biomass production in open ponds and
photobioreactors. Bioresource Technology 101, 2010.
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Table 3: Lipid content of marine algae species (algae that grow in seawater). “% TS” means percent of
total solids (total solids is the weight of the algae after they have been dried). This table includes values
measured by many different researchers, who are listed in the “Source” column.
Source: Sills, et al. Quantitative Uncertainty Analysis of Life Cycle Assessment for Algal Biofuel Production.
Environmental Science and Technology 37. 2013.
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Table 4: Ideal characteristics of algae grown for biofuels. “Irradiance” means the rate at which light energy
reaches a given area (higher irradiances mean the algae are exposed to more light).
Source: Borowitzka and Moheimani, Algae for Biofuels and Energy. 2013, Springer Science.

Table 5: Range of nutrient concentrations in freshwater, seawater, and local wastewater sources.
Nitrogen and phosphorus are two of the major nutrients that algae need to grow. Algae can only use
nitrogen and phosphorus when they are in certain forms, but the values below give an estimate of the
available nutrient concentrations in each water source.

Total Nitrogen (mg/L)
Total Phosphorus (mg/L)

Wastewater

Freshwater

Seawater

24.4

2.6 – 6.4

0.07 – 0.3

2

0.01 – 0.3

0.001 – 0.3

Source:
Unnithan, Veena V, et al. Mini-review: A priori considerations for bacteria–algae interactions in algal biofuel
systems receiving municipal wastewaters. Algal Research 4, 2014.
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