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Projects to leverage for SFA

• Previous SNL LDRD projects

• Previous BETO funded projects

• Current Beto funded projects:

– Nutrient Recycling Project

– Algae Testbed Public Private Partnership (ATP3)

– Algal Biomass Yield Projects 
• California Polytechnic University San Luis Obispo

• Cellana LLC

• “Pond Crash” Testbed:  SNL CA



Why is this important for biofuels 

Annual Productivity (calculated) 13g-AFDW/m2/day

Daily production per pond (40,000m2 per pond) 0.52 MT/day
Annual production per pond (330 days) 171.6 MT/pond/year

Algae Lipid Content 25%

Overall Algal Oil Yield 1000 gal_Algal_oil/acre/yr.

Biomass loss through predation 10-30%
Annualized Biomass lost per pond 17.2-51.5 MT/pond/year

Annualized Biomass lost per farm (101 ponds) 1737-5201 MT/farm/year
Algae Lipid Content 25%

Annualized lipid loss per farm per year 434-1300 MT/farm/year

Total value of lost algal lipid per farm per year $608K -$1.82M/farm/year

Standard DOE 4 Hectare Pond - $5/gge Scenario



Forensic Analysis of Pond Crashes
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Aureibacter
Pseudomonas
Microbulbifer
Shewanella
Halomonas
Marinobacter
Luteimonas|Pseudoxanthomonas|Lysobacter
Haliea
Moritella
Thiohalospira
Hyphomonas|Anderseniella
Phaeobacter|Ruegeria|Nautella
Hyphomonas
Roseobacter|Phaeobacter|Yangia|Leisingera
Phaeobacter|Nautella|Ruegeria
Delta−proteobacterium (AB015242)
Lishizhenia (AB176674)
Gelidibacter
Vitellibacter
Balneola
Cytophaga sp. (EU395843)
Bacteriodetes/Chlorobi (HQ242551)
Thermonema
Candidatus Rhodoluna
Uncultured org (JN450297)
Bacterium (FJ717259)
Bacterium (FJ602409)
Bacterium (HM251561)
Minor genera
Classification uncertain
Unhit in databases
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Probiotic strain Vh mitigates Rotifer grazing



Isolation of probiotics to improve yield



Probiotics: likely produce 
metabolites that enhances algal 

yield

P. gallaenciensis



Probiotics + N. salina co-culture in 
outdoor mesocosms

8-week outdoor 
cultivation period 
(20L mesocosms)



RNA-Seq experiment design

RNA Biol., 2013, 
502-515



RNA-Seq analysis pipeline 

Nature Protocol, 2012, 
562-578



Tested bacteria quickly fire up 
the microalgal N. salina genes

• Benchmarking: 3 
hrs none treated 
vs. starting 
samples

• Intervention vs. 
none:

• 3 hrs
• 3 days
• 6 days

• Bacterial 
isolates change 
N. salina 
transcriptome 
within several 



3 hrs 3 days

Shared/unique induced N. salina 
genes

6 days

• Total 81 genes to be differential 
expressions (DEs)

• Collectively, 38 and 42 DEs genes were 
respectively in 3-hrs and 3-days, but only 
4 in 6-days samples

• Shared DE genes between two treatments 
suggest that changed biological processes 
are common in some parts when N. salina
were co-cultured with P. gallaeciensis or 



Probiotics induction of algal 
genes 

occurs in early N. salina 
exponential phase

• Gene Id (color) 
and 

transcription
al 
dissimilariti
es between 
samples (JS 
distance, 
size) broken 
down in different 
samples

• Variance between 
intervention and 
none-intervention
samples were 
pronounced in the 



P. gallaeciensis induces N. 
salina metabolic genes 

overexpression

• Light gray not encoded in genome; 
• Blue indicate genome encoded KEGG pathways that are not 

differentially expressed
• Up-regulated genes in green, width indicates expression 

fold change
• Photosynthesis, carbon fixation, and oxidative 

phosphorylation



Alteromonas sp.i10 likely does not 
directly affect N.salina metabolic 

pathway

• Only oxidative phosphorylation pathway changed



N. salina DE genes upon 
coculturing with Alteromonas 

i.10

• Majority of genes do not have KO terms
• Nitric oxide dioxygenase catalyzes NO, an important second 
• Much is still unknown about the Alteromonas i.10 biological 

that causes N. salina growth promotion 



Nutrient recycling project is a partnership between 
national lab, university and industry 

• Laboratory to pilot/field scale

• Sandia National Labs

– Project Lead

– Biochemistry/Precipitation Science 

• Texas  AgriLife Research (TAMU): 

– 12 X 550 L replicate ponds

– 10,000 L ponds

– Nannochloropsis salina

– Phaeodactylum tricornutum

– PBRs 

– 90 day growth trial

– Marine species

• Nannochloropsis salina

• Phaeodactylum tricornutum

– (NAABB strains)

• OpenAlgae

– TAG extraction

– DAG extraction

• Converted phospholipids



Sandia Algal Testbed

• 3 X 1000L raceway ponds (@ 20cm depth) 

• 2700 E LED lighting (~600 LEDs/p

• Temperature controlled

• CO2 sparging system

• Automated logging of pH, Temp, 

• Fluorometer, Coulter counter,  flow cytometer

• SNL spectroradiometic monitoring



ATP3 Consortium
• 6 X 1000 L replicate ponds in 5 

geographically distinct locations

• Nannochloropsis oceanica

• Chlorella sp DOE 1412

Testbed locations



Algal Biomass Yield: Cal Poly SLO

• Freshwater natural algal 
assemblages grown on 
primary effluent

• Original Oswald pond system 

• ~1000L raceways (Bio Eng)



Algal Biomass Yield: Cellana LLC

• 1000L Ponds 

• Large tubular PBRs

• 0.1 acre algal raceways

• Batch cultivation 
– Native HI strain

• Interested in probiotic 
strains
– Potential for collaboration
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Increasing sustainability by closing the 
nutrient recycle

CultivationCultivation
Harvest and 

dewater 
(>90% water)

Harvest and 
dewater 
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