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VCERC Mission Statement for Algaeto-Biodiesel

VCERCOSs o0 n gmbiofuals effott gnpaets three key VA Energy Plan objectives: (a)
creation of renewable energy resources; (b) improving the emwveot; and (c) economic
development. VCERC provides the research required for the commercialization and
implementation of renewable fuel production from algal biomass available in Virginia. Algal
biomass energy removes pollutants from Chesapeake Bagseeps an innovative wimin
wastewater remediatieliofuel production technology, avoids utilizing food crops, trees, and
other valuable natural resources to produce fuel, and produces a high value byipeodueen
fertilizer for Virginian farmers. Pject expansion in algal biofuels is prompting industry growth,
creating jobs and investment in Virginia. Our letegm goal is to deliver a large number of
skilled and semskilled jobs, a cleaner Bay and a low price local fuel for Virginia.

V C E R C algal-to-biofuel program will address the following components of the
Commonweal thdéds Energy Pl an:

AFacilitate devel opment of energy sources tha
water, and €é do not <contorbiablutweartnoi nggr.ece nhouse

AFoster research and devel opment of alternat.i
pricesbo

ADevel op energy resources and facilities that
on economically disadvantaged or minodgtyo mmu ni t i e s 0

Al ncrease VA6s reliance on . .. bi odiesel from
AEnsure that energy generation and delivery s

to pristine natural areas and other significant onshore nagsgailirces, and that are as near as
possible to compatible development. 0
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Research Activities

ODU:

UVA:

VIMS:

VCU:

HU:

Collected algae fromh17local environments and assessed them for lipid and fuel yield to
identify species with high biodiesel potential adapted to envieotah conditions in VA.
Developed unique pilot scale collaboration between wastewater processing industries and
algal biodiesel production. Currently working with Hampton Road Sanitation District to
scale up our facilities at the Virginia Initiative Plafrocess removes nitrogen and
phosphorous from wastewaters, reducing the discharge of these harmful nutrients into the
Chesapeake Bay and VA's waterways and also produces a local source of carbon neutral
fuel and a green fertilizer.

Developed methods to Bow cost effective assessment of process parameters including
algal lipid content, algal growth and size and parameters to inform harvesting strategies.
Continuel tess to determine rates of C sequestration during algal gromiempt to

attract dollardrom power generatorsDominion Power) to build algal biodiesel plants

that will trap their CO2 emissions and convert this greenhouse gas to algal biodiesel.
Continued development of strong engineering solutions for algal growth, harvest and
conversion tduel that will allow us to move from pilot scale facilities to large industrial
scale facilities.

Production, testing and refinement of pilot scale reactor for conversion of algal
feedstocks to biodiesel in an efficient estep process, producing gallasisoil per day.
Pursuing external funds to build a large scale R&D, commercialization and workforce
training facility.

Economic feasibilitystudiesfor algal growth, harvesting and conversion to liquid foel
promote technology transfey the industribsector in a rapid and informed fashion.

UVa is working to synthesize, characterize and evaluate new catalysts for the direct
conversion of algae lipids to biofuels.

Assessment of the biodiesel potential of indigenoatural algal populatits focusingon
temporal changes in the concentration and composition of lipids associated with algal
communities living in the York River Estuary, with an emphasis on attached species.
Investigation of how environmental factors influence microalgal biomigss yield and

lipid composition.

Assessment of the biodiesel potential of indigenous (natural) algal populfeussng
on temporal changes in the concentration and composition of lipids associated with
natural algal communities living in thames River Estuary.

HU is working with the ODU team developing an economic and energy assessment of the
conversion of algae to biofuels.
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Research Results
1. One acre raceway algal farm Spring Grove, VA.

The one acre algal farm in Spring Grove Miigi forms a central part of R&D wargroviding a
unique resource to investigate the seasonal changes in algal species and lipid production in
Virginia.

1.A. Seasonal Variation.

Algal Biomass (dry weight) from January 2009 through March 2009 the racesmagined

stable at between 12®00 mg/L (Figure 1). Biomass dropped in the spring, possibly due to an
unseasonable heat wave that began on March 29, 2009 when the air temperature reached 86°F
degrees and the water 68°F. This was well above thé685Faverage of the previous months.

This rapid increase in temperature coincided with a 40% decrease in algal dry weight (from
130mg/l to 80mg/l). This reduced dry weight continued until April 21 when the algal dry weight
had returned to 110mg/l. However, oidentally, on April 21 the water temperature reached

84°F a 15°F increase from the day before (April 20 at 69°F). This temperature increase coincided
with a further decrease of algal dry weight to 50mg/l by April 27.

The algal biomass remained at thése levels (40- 70mg/l) until May 15 when the water
reached 91°F. Microscopic review of the water on May 22, 2009 showed the presence of rotifers
(12/ml). By May 25, 2009 the rotifers had increased to 22/ml and there were also ciliates (34/ml)
present. his was the highest recorded population of rotifers, the ciliates reached a high at 52/ml
on May 29, 2009 and then also declined. These planktivores may have been introduced during
the filling of the raceway in 2008 or may have been introduced by one ahimals that travel
between the raceway and the nearby lake. These animals included birds, reptiles, and
amphibians.

Low water levels (due to evaporation and below normal rainfall for the area) throughout the
summer, combined with air temperatured0°F above normal resulted in high water
temperatures ranging from 8®7 °F. These

300 temperatures are Dbelieved to have
suppressed algal growth throughout the
250 1 summer.lt is important to mention that

measurements of algal biomass are made

0 from the examination of algae in the

7 ] water column. A significant portion of the
§ biomass settled to the bottom to avoid the
S 100 high surface temperatures of the ponds

and was not measured.

50 4

Figure 1- Algae biomass in the raceway
Ko Dec Jan Aprl Aug  Nov algae farm during from November 2008 to
November Q09
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1.B. Monitoring algal composition and abundance:

From January to November 2009, 117 water samples were microscopically analyzed to
determine algal composition and abundance within the Spring Grove Raceway and algal storage
and inoculation tanks.These samples were provided by Richard Hubbard, with additional water
samples for similar algal analysis provided by Dr. Gary Schafran. Subsequent scanning electron
microscopy was also employed to discern additional morphological features of the pmtomine
algae in these waters.

1.C. Molecular genetic analysis:

The dominant algae in the VCERC algal raceway during 2008 remained constant into 2009 and
were classified as &cenedesmus/Desmodesnoasnplex based on light microscopy and
scanning electron micsgsopy. Species belonging to tBeenedesmus/Desmodesmaosiplex

have been well documented as possessing a high degree of polymorphic variability, which can
add complexity to taxonomic identification (e.g. Egan and Trainor 1990, Lirling 2003). To
addresghe difficulties inherent in the identification of these algal taxa, a molecular sequence
analysis was conducted on the dominant alga present in the raceway and locally derived stock
samples used for raceway inoculation. Universal ribosomal primersai&G#T S5 were used to
sequence a ~630bp region including partial 18s, complete ITS1, complete 5.8s, complete ITS2
and partial 26s genes (Innis et al. 1990).

The molecular sequences originating from the initial inoculation culture from the MGB
greenhouseand those collected from the Hopewell Raceway were 99% similar to each other.
Closely relatedscenedesmysnd Desmodesmyispecies differ between 130% in this region,

while different strains within species show only -4@®% variation (Van Hannen et &000).

This suggests that although the two populations appear morphologically different, they likely are
the same species, and possibly identical.

The sequences from the greenhouse and raceway were compared to published algal sequences
available on Gebank fttp://www.ncbi.nim.nih.goy/ These analyses indicated the inoculation
culture and the dominant taxa being maintained in the raceway belonged to the genus
Desmodesmus The sequences from the greenhousd eaceway were 99% similar to an
unidentified Desmodesmuspecies collected from a freshwater river in Dunwich, Australia
(Timmins et al. 2009), and 97% similar to an unidentifiEsmodesmuspecies collected in a
freshwater lake in Minnesota (Johnsormket2007) (Fig. 2). Both the Australian and Minnesotan
isolates are most closely related Besmodesmus asymmetric{§)TEX 2444 originally
identified as Scenedesmus jovignd reidentified as D. asymmetricusby E. Hegewald,
http://www.utex.or), however they differ from it by 8 and 10% respectively.

Phenotypic plasticity, in which individuals may undergo morphological changes in response to
changing environmental conditions, is a trait common to numeD&smodesmusnd
Scenedesmuspecies (van Donk 1997). Both the presence of spines, and the unicell/coenobia
nature olDesmodesmuare known to be variable traits influenced by factors such as zooplankton
abundance, nutrient availability, temperature, and illuminatemel$ (Lurling and van Donk
1996, Trainor 2009).
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Figure 2. Relationship of sequence data from ODU greenhouse and raceway samples to
chlorophyte taxa examined by Johnson et al. (2007) and Timmins et al. (2009). Micrographs of
most closely related taxagat.
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While the cells in the initial greenhouse culture were generally in coenobia of 2 to 4 cells, with
terminal spines (Fig. 3), the dominant stag®etmodesmus the raceway was often spherical
and unicellular, generally ~5 microns in diameter resemgl@hlorella spp. (Fig. 4), and similar

to the morphology described in the Australian isolate (Timmins et al. 2009). Lewis and
Fletchtner (2004) also used molecular sequence dataidentfy species oScenedesmuspp.
originally thought to be&Chlorella spp. based on morphology. In addition to ruling ©htorella

sp., our molecular analyses also includaatcomyxaspp., Coelastrumspp., Neodesmuspp.,
Pseudochlorellapp, andTrebouxiaspp. all of which were identified as only distantly related to
the greenhouse and raceway celfss the raceway is an open system, and the initial inoculation
of the greenhouse culture was passive under open air contamination, it seems clear that the
dominant floral component is an indigenous species that is weptextiao the regional
environmental conditions.

Figure 3. ODU greenhouse culture. Desmodesmus in 2 and 4 celled cenobia form with terminal
spines.

Figure 4. Hopewell raceway sample. Desmodesmus in unicellular form without visible spines.
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