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Abstract

Bioethanol produced from algae may provide a sustainable alternative to petroleum and
conventional biofuels. Algae present a superior option because they require minimal inputs and
can be grown in non-potable water. Our study evaluated the potential of municipal wastewater as
a growth medium for three local algal species and their ability to produce bioethanol. We grew
Penium margaritaceum, Scenedesmus qudricauda, and Spirogyra communis in six different
media treatments with varying concentrations of wastewater. After the growth period, we
quantified the total production of biomass per treatment and produced ethanol from each species.
We found that S. quadricauda and P. margarticaeum were most productive in the 25 and 50%
wastewater treatments, respectively. S. quadricauda produced twice the amount of ethanol per
gram of dry weight as P. margaritaceum. S. communis was not analyzed because of foreign algal
contamination. The high nutrient content of wastewater promoted algal growth in lower
concentrations, but had inhibitory effects in higher concentrations due to a number of factors.
Culturing methodologies need to be optimized before large-scale integration with wastewater
treatment is feasible.
Introduction

[t is necessary to find renewable alternatives to fossil fuels that can fulfill the same roles
while significantly reducing greenhouse gas emissions, Current renewable energy technology
focuses predominantly on the generation of electricity, which accounts for less than one third of
global energy consumption (Stephens ez al. 2010). The remaining portion of energy production is
derived from fuels, creating an unsustainable reliance that contributes to global climate
change. The development of liquid biofuels that are renewable and more efficient may provide a
successful alternative to conventional petroleum-derived fuels (Demirbas 2011). Recently, the
use and distribution of first generation biofuels—fuels produced from crop plants— has grown
more prominent within the transport sector (Brennan and Owende 2010). However, biofuels
produced from crop plants, such as corn and sugarcane, prove both inefficient and unfeasible for
a number of reasons (Chisti 2008). A new generation of biofuels derived from algae can avoid
these issues while providing a sustainable source of fuel.

The major constraint of the first generation biofuels industry is competition with the

agricultural sector (Brennan and Owende 2010). As global population continues to increase, the
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demand for food will become more pressing, creating conflict over the use of arable land. If food
crops are prioritized, biofuels will not have a significant impact on energy production. However,
if biofuel crops are produced on a large scale. food crops will be displaced and global food
security (Stephens et al. 2010). Biofuels derived from crop plants are
also unsustainable because of the intensive agricultural inputs needed to support them (Brennan
and Owende 2010). Further, familiar environmental factors such as drought and seasonal
fluctuation make production inconsistent and unreliable (Demirbas 2011). Production of biofuels,

from algae [presents a sustainable alternative to both first generation biofuels and fossil fuels

(John et al. 2010).
The use of algae for biofuels is advantageous because they are easily cultivated, more
productive and havc a lower environmental impact than conventional fuels. Algal cultivation

requires few inputs: a liquid medium, nutrients, CO, and a source of sunlight (Stephens et al.

2010). Because of these requirements, algae need pot compete with agriculture for arable land

(Demirbas 2011). Algae have a continuous growth cycle and can be, cultivated, in non-potable

water, providing consistent production without using freshwater resources (Brennan and
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Owende 2010). Algae are also capable of producing higher yields in shorter time periods than
conventional crops, with certain species capable of doubling their biomass over a period of 24
hours (Chisti 2008). Bioethanol is readily biodegradable and produces less air pollution after
combustion than petroleum fuel (John ez al. 2011). Furthermore, algae fix CO, through
photosynthesis and can serve as a carbon sink, reducing atmospheric CO; levels (Brennan and
Owende 2010).

Another benefit of algal production is that it can be integrated into the wastewater

treatment process, enhancing sustainability and creating value added byproducts. The ability of
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algae to assimilate nutrients, specifically nitrogen (N), phosphorus (P) and some metals, creates

the potential for use in the nutrient removal stage of wastewater treatment. Laboratory studies of

sewage and urban wastewater treatment using the species Scenedesmus quadricauda,
Botryococcus braunii, and Chlorella vulgaris show significant rates of N and P removal

(Martinez et al. 2000; Sawayama et al. 1995; Lau et al. 1995) This could replace conventional

removal methods like diffused aeration, reducing energy input‘ while yielding algal biomass
(Pittman et al. 2011).

Bioethanol is produced through the saccharification and fermentation of carbohydrates
and (John et al. 2011). Carbohydrates and sugars found in the cell material of algae are
broken down enzymatically in solution. This sugar-rich supernatant is then fermented by aerobic
organisms that produce ethanol (Brennan and Owende 2010). Research has indicated that several
algal species in the genera Chlorella, Scenedesmus and Spirogyra have high carbohydrate
contents amenable to bioethanol production (John ez al. 2011; Eshagq et al. 2011).

The use of resources for fuel production can decrease external inputs, making the
process (Demirbas 2011).

(Odlare et al. 2011) Coupling
the use of indigenous algal species with local wastewater as a growth medium can further
enhance sustainable production (Pittman ef al. 2011). Local cultivation could also harness energy
from otherwise problematic annual algal blooms and turn it into a source of renewable fuels
(Odlare et al. 2011).

Our study,
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that ethanol production vary based on
cell physiology. Our findings provide valuable data on the use of wastewater as a growth

medium for native species of algae. If wastewater can support significant algal growth, an

abundant waste material can be turned into a source of local energy.

Methods
We chose three charophycean green algae species native to the Adirondack Region:
Penium margaritaceum, Scenedesmus quadricauda, and Spirogyra communis (North American

Diatom Ecology Database 1996 ). Charophycean green algae

2

s a high fraction of carbohydrates in their cell structure, jnaking them

suitable for ethanol production. We obtained «lga! cultures from Carolina Biological Supply

Company and the Skidmore College Biology Department. We obtained anaerobic digestate

effluent (“wastewater”) from the belt press of the Gloversville-Johnstown Joint Wastewater
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diatomaceous earth. This resulted in filtered wastewater with a turbidity reading of 48 NTU.

3. We attempted to sterilize the wastewater through a heat process., Ve

that heating the wastewater transformed it to a highly turbid state that could not be
corrected through cooling. We that applying heat caused an inert polymer (Slack
Chemical, Stayfloc 6532), added to the wastewater in the municipal treatment process as a

thickening agent (Bevington 2012), to become activated and turn the solution cloud

used a 0.3 micron water filter (Katadyn, Hiker model) made for recreational
camping. This filter | reduced turbidity to a level of 4 NTU

to support our experimental work

v

Algal Set-Up,

We cultured each species separately in six different treatments:

and
. The sixth treatment used tandard, a commercial growth mediz, as a
reference \
(Table
1) (Table 1)
Growth Medium TP (mgl/l) TN (mg/l) pH
DI H20 0.564 0.056 6.23
Wastewater 1.572 112.616 7.29
Woods Hole 0.867 38.612 7.13
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Analysis of heavy metals showed no zinc, lead or copper in deionized

water. Wastewater had about twice the amount of zinc as Woods Hole Standard (WW Zn=0.061

mg/l, WHS Zn=0.03 mg/l, Table 2, Appendix () and both had similar amounts of lead and

copper (Table 2, Appendix ().,

We the algae in 1L sterile bags (Kangaroo Pouch, Sherwood
Medical) in rows from a PVC structure. Each bag contained 450mL of growth solution and

50mL of algal base culture for a total volume of 500mL. We maintained the bags under

continuous light (Sunlight Supply Inc., Sun Blaze TH50-48, 54W, 6500°K) for 14 days at a

temperature of 24°C. We ran two trials of each treatment, During the first trial we let the bags sit ,

for ; during the manually agitated each bag daily

manually agitated each bag once

daily for the entire |-

Growth Analysis
At the end of the growth period we centrifuged the contents of each bag and froze the

pure algal biomass at -80°F. We then freeze-dried the biomass (Labconco FreeZone 4.5) to

remove all moisture and measured the final dry weight. All wastewater

, hence, we could not

accurately analyze or describe the contributions of the species, Specifically, wy
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Fig 1. Dry weight (g) of S. quadricauda by treatment. The horizontal line depicts the total dry
mass of S. quadricauda when grown in standard Woods Hole Medium and serves as a reference
point.

Penium margaritaceum produced the Jargest amount of biomass when grown in the 25%
wastewater treatment (0.0986g/500ml, Figure 2). The second most productive treatment was
50% wastewater, which produced only slightly less biomass (0.0924g/500ml, Figure 2). he
smallest amount of biomass was produced in the 100% deionized water treatment
(0.0159g/500ml, Figure 2). Again, we cultured P. margaritaceum in 100% Woods Hole Standard

and used this treatment as a reference point for the five other treatments. (ultures grown in the

Woods Hole Standard treatment (0.0916g/500ml, Figure 2) were, less, productive than the 25% |
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Fig 4. Comparison of ethanol produced per gram of dry weight in P. margaritaceum and S.
quadricuada.
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Fig 5. Comparison of ethanol produced per gram of algal dry weight between S. quadricuada
and P. margaritaceum.

Discussion

v

Algal Growth,

Penium margaritaceum and Scenedesmus,quadricauda demonstrated similar growth

patterns based on percentage of wastewater in solution. For both species the 25% and 50%

wastewater treatments demonstrated the highest growth rates while 100% deionized water and
75% wastewater were the least productive. Originally we predicted that as the concentration of
wastewater increased, the productivity of each treatment would also increase, however, we did
not see this in our 75 and 100% wastewater treatments. This suggests that the high nutrient
content of wastewater promoted algal growth in lower concentrations, but had inhibitory effects

in higher concentrations due to a number of factors.
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Effects of Wastewater

The Gloversville-Johnstown Joint Wastewater Treatment Facility receives waste from a
variety of users, which creates wastewater with variable physical, chemical, and biological
characteristics. Due to the large input of organic waste, municipal wastewater often contains high
levels of particulate organic matter (CITE). These particles are rich in nutrients needed for algal
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findings that algae grown in 25% and 50% wastewater treatments produce the most biomass do

not support our initial hypothesis that algal growth would increase with wastewater

concentration.

Because of its high nitrogen and phosphorous composition, wastewater must undergo an
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microorganisms (Pittman ez al. 2011). However, algae can serve as both a nutrient sink and

Peter Mclnerney 5/3/12 5:54 PM
Pia Ruisi-Besares 4/23/12 6:47 PM
Deleted: the

Pia Ruisi-Besares 4/23/12 6:47 PM

Deleted: cultures grown in 25% and 50%
wastewater treatmentsreceived supplemental
nutrientsfrom thethat treatments of purely ded

* | water didreceive

N Peter Mclnerney 5/3/12 5:52 PM

Pia Ruisi-Besares 4/23/12 6:49 PM

Deleted: in our 75% and 100% wastewater

treatments

Pia Ruisi-Besares 4/23/12 6:49 PM
Deleted: (
Pia Ruisi-Besares 4/23/12 6:49 PM
Deleted: )

\ N Peter Mclnerney 5/3/12 6:00 PM
AW Peter Mclnerney 5/3/12 5:59 PM

| Comment [19]:

Peter Mclnerney 5/3/12 6:01 PM
Deleted: would

Pia Ruisi-Besares 4/15/12 2:37 PM
Deleted: would

Pia Ruisi-Besares 4/23/12 6:50 PM
Deleted: nutrient

Peter Mclnerney 4/22/12 5:57 PM
Deleted: n alternative

I




bioethanol feedstock, making them an attractive alternative to aerobes. As algae grow they

uptake nutrients such as nitrogen and phosphorous from solution and assimilate them into their

cellular structure. Therefore, if grown and harvested in a contained environment, algae can be

used as an active source of nutrient removal as well as a feedstock for ethanol production.
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100% deionized water treatments did not become contaminated because they did not contain any
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Fig 2. Percent ethanol produced per % grams of S. quadricauda/m]
Mass Spec.

Fig 3. Percent ethanol produced per % grams of P.margaritaceum/ml

Mass Spec.
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Appendix ( : Media Composition Analysis

Table 1. Nutrient analysis of total phosphorous, total nitrogen and pH of deionized water,

wastewater and Woods Hole media.

Treatment TP (mgll)
DI H20 0.564

Wastewater 1.572

Woods Hole 0.867

pH

6.23
7.29
7.13

Table 2. Nutrient analysis of total phosphorous and total nitrogen of the supernatant of the most
productive algal treatment per species before and after the growth period.

Treatment
P. margaritaceum 25% WW Before

P. margaritaceum 25% WW After

S. quadriquada 50% WW Before

S. quadriquada 50% WW After

Table 3. Heavy metals analysis of Zinc, Lead, and Copper of the supernatant of the most
productive algal treatment per species before and after the growth period.

Treatment

P. margaritaceum,25% WW Before

(mg/) (mg/1) (mg/l)
0.01525 0.04225

P. margaritaceum,25% WW After
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| S. quadriquada,50% WW Before 0.0305 0.1205 0.08 BD=
Below
Detection
| S. quadriquada 50% WW After 0.039 0.231 0.192
Wastewater 0.061 0.169 0.16
DiH20 BD BD BD
| Woods Hole (WHS) 0.03 0.165 0.154
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