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pes ol Algae

Viacroalgae

s Ereshwater anadimaiine: plants - seaweeds”

sl Fast grewing T

 Canr grow: Upwealrds; efi 60 m |

Emergents ey e

s Aguatic: plants that grow partlally submerge ?
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pes ol Algae

Piatemss (Bacillanephyceae)
—100,000! species
Marne; Brackisi, OF feshiwatel
Cellwallsrcontain polymerzed silica

Stere: caren as; ells; e chyrselaminanin
(pPelymenzed cansonydrates)



pes ol Algae

Green algaer (Chiorophyceae)
Ereshwater;
Single cellror colenies

SIOreSs canao as stareh
Can preduce ellfUnder Certali Conaditions



pes ol Algae

Blue-green algae (Cyanophyceae)
SImilarE terlvacteria
—2,000 species
Impoetanis o RIteYEN fixXatien
Gelden algae (Chn/sephyceae)
Similar te; diatens (Color / BIGChEMISTR/)
—11,000! species
Prnyanly freshawater;
Store: canonias natural ells and canohyadrates



Growbin RegUIrEmeEnts
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OpRen Pond Systems

P0eS
Mest economical method
L2rger grewth area

Use co-lecated pewer
plant oK SEWagerplant fox
€O, and nuthents

cons

Temperaiure dependant
on location

Local species wWerk: est:

DificUlt te; grew
MoenecuUltures

Rainiialli/ evapoerauen can
change: salinity and pH
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Other Grewilna Systems
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IHIStery, off Research

NatienalfrenewanlerEnergy  Lanoraton
(NERL)

Aguatic SPecIes Progliam (ASP)
1978 10r 1996

DEpartment: off ENergy pregiam e develop
renewanle tiansporiaten fUels firem: algae

Eunded by DeE Office of Fuels;Development
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AdUatic: SpecIeS Progiaim

Collected and studiedieVver 5,000 algalfstiains
Algae geed seurce e fuel energy.

Cani produce UprtorSOrtimesi more oil tian
terrestiial ellSeedl Crops

200,000 hectares (less than 0:1% suitanle land area
i U.S.) could supply ene quad of fuel
1 guad = 10*> Btu'ofi energy: (1 Btul — 1kJ)

Providenmore: energy: than! current: ellISeed Crops

Biodiesel cost at |east: twice that off petreleum
diesel fuel (19986)
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AdUatic: SpecIeS Progiaim

IOV S Or 1962

Eecused mainiy en preduction o hydregen
firom algae

SWitchea iecls; ter PIeAIESE!l T early: 19807s
Unakle te findfene strain that exniniied
epuinaliprepesrties (rapid growita; ngh
ipIdl productien; Igh constittition)
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AdUatic: SpecIeS Progiaim

EGCUS, 6 microalgae

DIatems
V2l sterage compounadilipid

Canrincrease lipid production; by Si deprivation
his alserdecreasedi the everall biemass production

Greenralgae
Stareh as primany. stoliage
Can premete ipid accumulationry  Nrdeprvation

Gelden=Brown algae
SipIal prinvany storage

Glreeni algae and diatems Pest candidates
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AdUatic: SpecIeS Progiaim

FOCUSEd on
SOUILAWESTENN
United States, as
potentialfiamm:
lanad

u Brackish water
s Climate

= Noen-aranle land

15



AdUatic: SpecIeS Progiaim

EGCUSEM G0N OPERI PENG ACEeWay/! SYSTIEems
DEptA Gl pPend

Pond circulation
Paddliewneel
Alr llifters

HAR/Esting Meteds
Elliration

Elecculation
Settiing
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AdUatic: SpecIeS Progiaim

1980 — 1967 Algal Raceway’ Production Systen (ARES)

Operated inrHawall
Used aiiiiit system for Water circulation

1981 — 1966 HightRate Pendl (IHRP)

Operated in Califermia

8l menth growing season

Achieved 15 — 20Ig/mz/day.

Continuoeus GpErauen'= 20%: more: efficient:

1986 — 1990 Ouitdenr: liest: Eaciity (OliE)

Operated inf Reswell, NV
Average overall' productivity: — 10rg/mz/day
Target — 50 g/m?/day
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AdUatic: SpecIeS Progiaim

Program’ geaisi(1e; ver econemically viaihle)
11896 PROLESYRNENC ERICIERCY, Ag,
Biomass is: 6024 oIl [

Looked for lipld - trngger:

Genetic manipulatien
MUitagenesisi and selection
GENetic engineenng
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New Research

New:NERIE iRitatve
EURded vy Chevien

EOCUS
Meximize: ellscontent
Maximize: growitiarate
Centrel production; costs

Compliments separaierNERLE preganm eeusing
@R hydregen generation: freom algae
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Extraction of Oils

Chemical
Benzene, Nexane, petreleum ether

Enzymatic
ERzymatic breakdewn ofi celltiarwalls
Cellularwaterr usedras selvent
Mere expensive thanrchemical extraction

Viechanical
Press
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Extraction of Oils

Osmaotic shock

Drep 1N esmetici pressure: causes; cells o
fupture

Stpercrtical it
Liguelied €Oy, extraction

SENECHEMISHY
Ultrasenic assisted extractions
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EUElIN/PES

BIGmIESS
Bl ter denerate: electricity, and-neat
Viethane

“Straight: vegetanie ol (SVO)

OIlFfrony algae: can e mixeadr directly With
petreleum diesel (Up ter50% mixture)

Moedified dieselfengine can runren 100%: algae
ol
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EUElIN/PES

Ethanol

Can e usead difectly as afuelrer hiendea with
gasoline

Starches, converted ter ethaneol
C,0H, = 2 C,H-0HI 4 CO;
ranspertatieon fels

Ol el Benyocecus Bravmycnemically reduced
10; transpertation fuels (ectane; diesel,
aviatuion glrader Keresene)
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EUElIN/PES

Nen-hielogical nydregen production

Watergas:=shliit reaction

Gas composition

dry basis Vol %)

H, 9 H, 19 H, 24
co 14 co 9 co 1
co, GO 21 GO 2?
CH+ 5

20 g/Nm, tars no tars no tars

I—] : High / 3:“
Gasifier g::rd Ftnfﬂrmar ‘I)( Turnp Tam

Reaction Conditions:

Catalyst

Reactor Temperature

Space Velocity 2/

witchgrass

P
WGS
Dnlnmlte NiO Fe,0, CuO
B850°C 800°C 400°C 200°C
800 b 3000 h-* 1500 h-t 1200 h
=
Air




EUElIN/PES

Bivlegical production el iy dregen
EliSt elserved by Hans Gaifrontint 1959

1990rsTAnastasios VIeliSfdiScoVers) that Sulfit
deprvation switches phtotsyntaesis tor preduce
g)\Y/elfe)ejei]

Viest- Woerk: eRe Wit Cri/a1iy/ae1iioHnas relanaran

Genetcally medifiearStm6: strain
Proeduces 5i times, more hydrogen
=296 energy: efficient
2006 shortened chiorophyllf stack; Increased erficiIency.
to — 10%
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EUElIN/PES

Glycolysis

Tricarboxylic acid cycle

\

/

NAD(P)H

NAD(P)*

€ NADP* NADPH

hv

0, +4e +4H"
2H,0




EUElIN/PES

Biclegicall production: of hydregen: (cont)

NItrOGENAaSES
Reguires 2 molecules off ATR el each electron
[Decreases; everallfguanttn: efiCIERCY,

IHYAOGENASES
2H + 2e- = H,
DOES Noet requirer AR
Active enzyme — turnover rate 10° st
Inhibited By exy/gen
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EUElIN/PES

Biclegicall production: of hydregen: (cont)

EsStimated production! retes for C. relaaaran)
5 mL / hoeur /L eff culture

An estimated: 25,000 km? off algae would loe
HEEEEd o) preducereneuai nydregen te
replace gaseline in the: ULS.

Area the size oft Vermont

Less; than /1.0 of the land area culrently, used o
grew soy. in the U.S.
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EUElIN/PES

BledIesel

ransesterficanen oi ol frem algae
Eermation of fatty acid methyl esters (FAME)

Reaction of el with alcenol

Can use methanol, ethanoll, propanel; Butanel, andramyl
alconol

Viethanel and ethanolifiieguently Used dor tor Iow: Cosi
Acial catalyzed off alkall cataly/Zzea reaction
Glyceroll separated: by settiing or centritigation
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EUElIN/PES

Owverall Reaction i || :
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Biomass
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AdVanieages

IHIghLgrowiirrate (Seme: SpEeciesican
doukle mass GVermigh)

HIgh el content (Seme species up ter50%
oIl)

Can e hanvested daily (SpPECIES
dependant)

Can e Used torrecycle / Sequester caraen
dioxide
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AGVaniages

ERvirenmental

hiernterocalfcealsfiredr pewer plantsiane
SEWage: treatment plants

0J]
ContalRs RE sulitr
NOR-1eXIC
Bioeegracalsie
Less particulate matter than diesel
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AGVaniages

EStimates; (firom: Glekhal Petreletni Clul)

Crop Yield
(L/aectarie/year)

S)0)V/z| 2150)

Canela (1520)0)

@1l Palim 6,000

Algae 10)50J0)0;
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PISaeVantagES

Piificult ter golfirem: Iak:=scale te) fitll
preduUcHen

OpenI pends stisceptible te locall strains

Lecal strains; actually  grew: Better than these
lneculated

EXpensiver capital Investment / Upkeep
COSIS

Biedieselcontains higher NOLIevels
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Co Products

Additienall USsesiter make algae: produciion
mere econemically Vvianie:

BIaStICS

2IgMENtS

=eeastock

Bharmaceutical /- nutruenal
Ppllutien” contre!
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Current Initiatives

Enhanced Bioiuels & liechnoelegies (wiww.eptplc.cor) develops off multiple vegetakle
ol Biofiuel technoelogies. The EBT algae process combines a biereactor with' an open pond,
both using waste CO2 firom coal-firedi pewer plant flue gases asi a fertilizer for the algae. The
biediesel and ethiancl preduced can e seld; or usedias'an alternative fuel. EmIissions: ane
reduced ups ter82%:. EBIs ieadguarters are inrlLonden, UK and the company: has a bieiuel
R&DIcentrernilndias

Greenkuel lechnoelegies (v, greeniueloniine.cormm)) - Eiiss/ons-to-B/ojuels" Process
harnesses photesynthesis to grow algae; capture CO2 and produce high-energy: PIemass.
Retrofitting fessil-firedi peweriplants andl ether anthropegenic Sources ofi carbon dioxide, the
algae canilhe economically: converted to selid fuel, methane, or liquid transpertation; fuels such
asibiediesel and ethanol:

GreenShiiit (Waivinv: greernsiit com/inews. phpZia=97) has a license agreement With Ohie
University for 1ts) patented bioreactor process; hased onra newly discoverediren-loving
cyanohacteriumy(blue-green algae),, threughithelr subsidiary: Verditum (Www.veridium.com),
10K the purpoese ofi air pollution contrel eif Exhaust gas; streams firom! electrical utihity fiessil:
juelled power generation facilities. Once the algae grow! ter maturity, they fiall te the hottonm of
thebiereactor andlare: hanested for fuel or fertlizer

Mora Associates Research report, July 2007
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Current Initiatives

Soelazyme (Wwwiv.solazyime. com)is devoeted to harnessing the energy-
harvesting machinery: ofi Various species off algae to produce valuable
preducts. The company: utilizes proprietary genetic engineering metheds
o) develop and eptimize commercially relevant biechemical pathways
oK preduction of hydrocarhons (fer energy and specialty, chemicals) &
pPIeactive compounds.

CiveEuels Q. liveruels. com) - A national alliance: off labs and
scientistsidedicated to transforming algae into biecrude: by the year
2010, Working on breedingl varieusistrains off algae, driving dewn| the
costs of harvesting algae and extracting| fiats andi oils fromithe algae.

Valeent; Products (Wi valcerntnet/mens, detall.sstg7/a—36) has
developed a high densiity: vertical bio-reactor for the mass production of
oll' bearing algae while removing large quantities off CO2 from) the
atmesphere. This new bio-reactor Is tailered te grow a Species off algae
that yields a large velume off high grade vegetable oil, Whichiis very/
suitable for blending withr diesel to create a bio-diesell fuel.

Mora Associates Research report, July 2007
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Current Initiatives

Aguafiew! Bionemics Corperation
(aquafiowagretpeomi.axiion:cor), New Zealand-vased; has seit
Itself the eljective to e the first company. in the world te
econemically’ produce  bietuelrremwild algae harvested frem
OPEN-alr eEnVirenmenits and te market It.

InfinnkuelrBiedieselr (v iaiinpnidel.com) - Walstuska Nevada s
hoeme tera unigue biodiesel project tunder develepment and 1s
being teuted as the world s first geothermal-powered and
heated biodiesel planit. The existing geothermal pewer plani
leatures two) production wells and seven pewer production Uniits
crieating) moere: than 5 VIV eff electricity, according to Inifiniuel.
The pewer plant will previde: 2 VW eifelectrcity and 104°C
(220°F) steam te the iediesell facility, WhiIchris nearing
completion. lhe company:has ever 300 acres te grow. ell-seed
and develop algae pends on siite.

Mora Associates Research report, July 2007
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Current Initiatives

Selx Bieluels (waivin. solxoloels. com)is a developer o
massively scalable phote-kIereactors ok the production
ot biediesel andlether valuable Bie-commodities: fifem
algae oil. Selnx’ clesed phote-bioreactors allew fessil-fuel
POWEN plant Exnalst to e captured through thergrowing
system. e algae grewith rates inecrease In the presence
of the carloen dicxide that would etherwise e emitted
INte the atmoesphere.

Algoil-Cvvin.algoll.corm) s a PIGHEEN PROJECT focUSING on
the preduction) off biediesel/Ziomass from micre-algae.
TThe target Is to use: the rest of the extracted biemass to
make feed); biofuel, hydregen; paper, or simply. buraing It
like: charcoal.

Mora Associates Research report, July 2007
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Current Initiatives

PetreAlgae (. petroalgae: com)is commercializing
envirenmentally-friendly algae developed by a research
team at Arizena State University, that generates over twe
hundred times more oill per acre than crops like seybeans.
USingl a cost-effiective;, moedular cultivation pPrecess that
can e massively scaled, PetroAlgae willfpreduce
renewanle feedsteck olls for use in applicatiens such as
transpoertation fuels, heating oIl and plastics.

Aurera BIeEUEls (W auroranioiels. cord) 1s e
Califiernia-hased renewable energy: company. explerng
new sources of ieedsteck for the production of biciuels.
I particular, Aurera fecusesion utiizing micrealgae: te
generate bio-oil;, wWhichl can be converted 1nite biodiesel.

Mora Associates Research report, July 2007
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Conclusions

Renewanle altemative ter petreletm: hased
fiuels

NOL the sele selution terreRewanie: energy.
— enly palt e the selubien

NEEdS More research to; make tihe: Process
ecenemically vianie
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