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WD 2007/ 098150PCT/ US2007/ 004351 Phot obi or eact or and

uses therefor Cross Reference 5This application

claims priority to U S. Provisional Patent

i,cation Nos. 60/775,174-fi led February 2 _

‘Qﬁg‘i%fg%ﬁ’g 930 filed May 12, 2006, both of mﬁ??ﬁ%&é""“ﬂ

i ncor porated by reference hereln intheir entirety.

Background of the Invention oM croal gae and

cyanobacteria (for short, algae) are mcro-plants and

require nostly sinple mneral nutrients for growth

and reproduction. By utilizing photon energy, such as

sunlight and arPhbtshisrcatiorimduisesthédefag convert,

t hrough phot osynt hesi s, water and carbon di oxide into

hi gh-val ue organi c conpounds (e.g., pignents,
Cm@g@gﬁﬂﬁhefatty aci ds, carbohydrates, and secondary

met ab olltes& Algae exhibit a growth potential an

or dEs applicstiopelainspréoryy &ntet Pravasionsl gnf@nf Hpplisetion Nos.
60/bﬁ§m5ﬁe&>i:eﬁrti§ﬂyr 218 200@&(&3’60)?99 9330 m&i lyert 260689&1:%@%1011 are

nutrient utilization, over .
incorgemtcidiyaafesspes hesin 1 theie Gli‘té‘B‘Wesent a ver y diverse

group of organisns. They naturally produce many

novel , as yet largely untapped.cl asses of
Bagkgsistiefcthe Inagn$ion | v, annual sal es of al gae- deri ved

Pr adtitedaledeP Al SYRGEBHCtSA (?or A0rt] nagie%%lﬁﬁ&al)phms and require mostly
) rochenlcals human food, and ani mal feed). were
SlmEgthﬁfaé guirienisefos Zroywity angdrreprodpesion. By utilizkignphoton energy, such as

_ sunﬁ@t%ﬂa AaFRd ilRSidaBbR S c%l&érﬁrtﬁﬂéﬁ?lﬁ ph&og?hlﬂ%@iél Rhter and carbon

I.ol ogy,. nmetabolic engineerin ncti onal genone
dm’f’é%e Thhighivalle ©Caganie cARINGY, (&Boe|Pigiptnts, proteins, fatty acids,

cart@BP@rafs PLIRE S¢RRd¥SNinelaBolies). mgﬂt&mxﬁﬂ aOfroWBC PEBLRAN order of
protelns agﬂ ot her blologﬁcall act.i ve conpounds for

prdtiEhsE s Deepustiof itheip fxtrambanityosiPrent light and

nuﬁ@ﬁﬁhﬁﬁﬂnmﬁ rapi dly uptake nutrients (such as carbon
en, phosphorous) fromthe _
3?58 n%ﬂelﬁgi%ﬁ@? Gmg%fl BTG ABET (TeRISETH | hiV600 e Broup of

orgﬁﬁsmuml@ Sufbalns ;ﬁwicel fenp el ad yeh qm@slgl un@BpEHRAE classes of
an

osed st ed tur
b*°Péﬂ%ﬂ°ﬁee?Cﬂa‘9§(}§t &reulo ﬁﬂL% aﬁﬂ%ﬁe-%eye e PidiFts  (Pharmaceuticals,
nutrfﬁd:hﬁlhbﬁﬂtaﬁrcfdﬁmdm hemah a!dfsmiaaﬁﬂ ﬁ?ﬁﬁ?ﬁ?@ @%rle @tithhtedl to be $2 billion
. es emt m. f 0S ue i.re ower, . . ,
in 200k PERTEE SRt gl B o5 desitiraid o SepIBSIR biology, metmbolio
enginyerfipahd fimafonbhgerbier remag:ihamgmmrseﬁe&s afi aﬁceﬂlbﬂgﬁhe-expression
roducti o such as

v B SHHOR i Sp SOREH o el ¥ o Boums o
humad did mmamlhaiﬂirmﬂgm&uﬁmf ertilizer. WO

ZOMGQC? %1 11%(- Zr/u% g’?n]iments (such as carbon dloxzde n1trogen and
phosphorous) from the surroundmg environment and convert them into organic compounds
such as proteins stored in the cell, algae have been proposed and tested in natural and
engineered systems to remove and recycle waste nutrients from wastewater and carbon
dioxide-rich flue gases emitted from fossil fuel-fired power génerators. The algal biorhass
produced as a by-product of the bioremediation process can then be used as feedstock for
production of biofuels (such as biodiesel, ethanol, or methane), animal feed additives, and

organic fertilizer.
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Al t hough application of algae for renewabl e biofuels

of both liquid and gaseous forns and hi gh-val ue

products, and for environnental biorenmediation is
flcally and environnental 'y sound,

‘aﬁgﬁ%ﬁ%¥y of algal applications is detern1nege@€k%ﬂgmM&ﬂ

efficiency and cost-effectiveness of industrial-scale

culture vessels, or so-called 5 photobioreactors (for

short, reactors), in which algal grow and

pr OAI'tI{ qliéﬁ%%hcaﬁon of anghd%e Hrie%at ti)%fﬂplls U ggt%tl%:ﬁd and gaseous

current e conmon SI gne as open rac
forrps and lsalawal@wppmg@ a(nddpeemnmmenta&bmwn@dnatﬁm is mlbntgtc)al ly and

envﬁ‘@r‘frgerﬁgl O}%dluﬁg V%BC awﬁzflh eé aé;ﬁ%gnggfsag o %tgﬁilf':g& gy the

the cufture 18 circ
effigiemin @dmmffeemf@hmﬁnd@Q%waiEhu@rp vesals} dms0- anudda

phol@fort{eord AARIRE ?eaefor efn%ré%%w %rs pga fsrake

constructron and r i nt en
di Jodiwtnial &’Qe@bmﬁaﬂpl‘&‘ ehzmenslyt are tchemﬁcmd;x dl:fsgm?dm;sraﬂehlrm@ways ie.

shalf? gyﬁ% si¢ Wg%éf égfa%g%m% QR >gg$%oé&gggg%g ofll%&?m 5000 m?

congifuctadas ggerp inavhwh yhe quiturhis cireidated by @ naﬁéle’r\almael ahchmond 1986).
Thid g%ﬁ&@&& hﬁ)dQQ{Hsr le a@@gﬂg of %@ﬂi lxle a%}qu?}] fh \Qﬁ]l%mmtmn and -

poor m Xi ng. acemay

maigigpangee but b s tnenx saaiVantageSaw@mh @glpt@nm she ﬂagtprs conirolling

procﬁ}éjuhw sfagatgmﬁ Bhid8Brs R dhrd D T?%cﬁ&%%ﬁq%ﬁ"m overall low

dust’s, often cau3|ng culture
procaacaglﬁe gf thptfpes iragawaye inducomainbia ke dack ofctemperature control and the

longd l?élﬁ%ﬁhs am}ﬂ@ apﬁt?({mﬁf(ﬂlgt e BEMEL %l n Ynid 88 al cilture is open

systens, | otobloreactors made “of transpar

to the 64 o cemoRHRIEr T icHItw coRtapHBatian wuh@mbgmﬂ rmgoq;gamsms and

d t§' bR&T cusiHETRulBire AhaftuldURDbiabihs( L
I e B 50 04) $6ie Sigaficalh ARk of the open

-racepst hayre PREPES: P daralepmeniof, él%éé ﬁY%F@bo@e @hetqbioreactors made of

tr 2k B & BSRahbe %Owﬁicﬁnﬁl%fé Taémé
mﬂﬁy 195 %ﬁand Pirt et al 1981132?;/\%1@%%8 A ahump or air

bub?lg@e( B9 SheumeBy $o4r Richared dPPY: Tedist?0dhe or
helay ﬁﬁhbérrbff tQBl!ilhr Sb@fea&b?ssﬁav@rbe@ﬁ dedgosed\hdd dé\regﬁ}%d since the
and

exchan ve nutrients are added
plong ST T Of JaFEE 6 oot IORD 26 BiHuG 1 (L3 Thesgqsolar receptor
bmr%dary\/bichgdrﬁfdlllycdéhﬁhtl@éq oﬂﬁeitdaeucmrﬁu heade &) otr ic with a gas

vessel| nd tub g perfaqrnmed a punp. (CQu
exSSFER, R YRS el A e e B s s Gamected to the two

endsd?ﬁthmﬁbn%';_) a@ll with rd@%8latibGh C‘d’fl'mB Quﬁhreabetw%&Q%ﬂa vessel and tubing =

pertolE a1 (G A RICPTL LI o B FSHIEL st B 40 Chaimont

et alornbgs; Rivhemmd @ois ioE)aBkyuuat gaﬁlth&ir @xﬁpﬁﬁrement in hght path, culture

B o G SBRL ERL ) S8BE 5 sy i

‘bionnss prodﬂﬂi\ntgi batdisy enableliherecOgilishéddsssof domrhdieiaDin@ést to grow and
hand ubul hot ohj.oreactors suffer from
- prolifgra Pno%mlrr?r?é)fll ?Ha%é) ‘}Jﬁlﬁ‘? ‘é?fgﬂm% Srst of all, tubular

ph@ndbc mtlmdmnd,sthh aulmla-@pg phbiobiuntactata sUffaofemotheir own inherit
probf@{s Fn‘ t uf uﬁ#ﬁflot b1§oencsétl ?% 1|% N aosfl%lgcang%aglgzone or dark volume’
(uSUEFibS @pmﬂmlgt afklOseheof Hiee axtah a:myereofvohmmesasmmammﬂl a degas
reserggﬁrféérﬁcs Qilhgr%d‘thgx%%ﬁgh&\g ép excaefs? %nmo%g‘xbfj 8*59519&{ oxﬁeée% Wwith carbon

I's entering zone cannot per
dioxigh oveasyy nfhast i ewlls rmteringnthendarkt hompuginnot|deforn photosynthesis, but

sp 0 I
R T M B BT SR o e
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under light. As a result, a.tubular reactor will only
sustain bionmass yield of 85-90% of the theoretica

maxi mum Secondly, tubul ar phot obi ore-actors have the
\985@%5&%&‘7 accunul ate in the culture suspepe@g&omm“m
hi'gh ‘concentrati ons of nol ecul ar oxygen evol ve rom
phot osynt hesis, which in turn inhibits photosynthesis
and thus biomass production potential. 5 Thirdly,
mechani ¢ punps that are commonly enpl oyed by tubul ar

unded GbRDIAQI LRGN StubRlal ASbok LAl Snf bl bIBab N G RNGE 85-90% of the
circulation within long tubes can cause serious ce

theeratiead anaxigme Recandly, taliiar photgbigrescters bavmihe notensial ks accumulate -

in BaS DABR rBRRhtied h@hbeoRsarsidkeds WnbRcARETALL
ln_tubulan-tyggﬁ%fore;%tgrg (Shilva_ et al.cl987). %ﬂd%%hmd ﬁén
phojgsynibpgs e [ty inhibits pheteswrtsis and dbushigmpss pradnction potential.

ThifB), mkbRBid iphhpe CtﬁM&‘é%dnﬁnéan‘%iﬂiﬁB%"Ef YabQM bHESbioreactors to
maintained in a |arge-_10 scal e tubul ar o :
facilitebn eltuse eieipg pnd galationssthin ongyabes g9 satise seriqusssll damage. For

exafbRALGHe DYV hOGnIIRGH 301 Cls REHRPort @l Yolbehsld il ETith operation
unber of algal species are able to survive In a

n .alg : .
of twhiHer-ape Bispastuss GPhilvaied gl 1088 Kiugin angpFhanmans d1991) also observed

that'BEAEAANGE OIS RS8R & 8 HWndlodotM! @fiture maintained in 2 large-
phot obi oreactors have limted their applications on z .
scale ofubplap dihotqbiyeasitors g 1@)UsHePt Yydredyghmicalstress created by various

mechRECAIIYpD LARUE tithited Db BF Lig6! dpRsiks hL2MBIER Survive in a tubular
. _however, attention has. focused on flat plate-type
biorgpieTohAdiveatieohigh TRPUAL gpd BRINtEIABE COMES affopisted with tubular

phofBestddatd hive BANBOhed pli&fions 6&12&51) pralebdY JFRARE Cﬁlg_.ntity, high-
Ote ghand Roux (1986), and further refined by
valupspefielty produgts- (1991, 1997) and Hu et al. (1996, |

199%ainy) thdllak ehajemrd YRowsles) anentRhl Bis F6AQBEETon flat plate-type

agyanta es.qver the tubular-txfe systens: 1) no_"darK
Photpgifeactds.oLit B ob dPARIF fvas st deatrits by Samsep gad Zduy (1985) and
by Rdtgosr d2a0#efaSand Foug (1 984)Uafid wakBer fefindd W)} Treald bt &L 41991, 1997) and

t hys hoosting. photosynthetic. productivity: 2) o
Hu geaﬂa@?% F4987-0) e Rt e Geieks OEen @5 Adyrtages over the tubular-
typet dystetilse IE flo €dLK iz6nd ik tabRdchatddmvitl tdl WalplAe kS BEPhSGeactors are

e.n1n1nun)q&2rody@%%Lc force created by, air

illur%i&lﬂ%pl ng’:heg) enfiretye hus; ofos Copradpgivity;, i) racration that
facilitptel reufihiad ;r@ﬁag emtl fbulensé mﬂgg ]g:imhsna:ﬁi td %@al cSlltbOBécause of the
._reactor, hei I I .e. to eet ). at - te
minfa 3 frodfahih ot cFespechat g BEbRFEG A birtmsiiegth pEpRygen are not
built g heﬂhtq:ri]gb-eﬁ)ﬁ&iymﬂahi&icamﬁfﬂmi; ﬁ‘ﬁ)ﬂﬁ)&ﬂﬂé‘:&ﬁ@gﬁt@ (i%0| 2o 10 feet); 4)
ner t hr oughou e.year.to further e nc . o
flat- GRS SDherbll GHRROHE ot WS riePonoith snfor SHE Rl gjmed at maximal
expdsuizutcasolae extrgy shrofiglatut phearearr toafittherSenbafed pRotosynthetic' biomass

. ' I ital d i,nt LS. .
e 97 Rk 5L ol LRSS SERLS copteuy 1

capihaslUmbatedne snafsor engi neering obstacle, i.e.,

di £ | i he f] |lat-type design to. .

o Hobln, SpRlealSRpt R il el ioh Bbrs B ol BBt Etrdity Ppincering
obstavds el.@on Kiffibelsn off swealings ubethe hilatoplactybt ulesigewi g eonangrcial level.

t uni f st ud al.gal

TheBioed TRt BROLHEPRES S bR e P borghtnl pliond 8o and as sman
outdperaeiure whitsclor study tof algab Eraatth adysiolBEMARMaGE nFHE been applied to
industhYENE R on of alpae | N ONE aspect, the present invention

provi des a pﬁo?g%ioreactor adapted f-or grow ng

m croorgani sms such as al gae or cyanobacteria along a

grow h gradient, conprising: (a) a contai ner adapted

for holding culture nedium gonprising: (i) opposing

5 first and second sidewal |s;” wherein at | east one of

the first and second sidewalls is transparent, and

wherein a di stance between said first and second

sidewal | s changes progressively along a | ongitudina

direction thereof; (ii) opposing first and second

endwal | s; (iii) a base cap that fits under a bottom
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20 control system In one preferred
enbodi nent, the photobi oreactor further conprises one
or nore baffles connected to the first and second
sidewalls, so as to forma barrier and to partially
separate the container into multiple conmpartnments. In
Sﬁghgg%afgggﬁbgﬁﬁggahgéNinvention provi des

' |"es,” 25 conprising two or nore
phot opi BieasdR tBe flesdd nviehfi®t pRIRIRE b pRbtobfdeactor adapted for
i nvention, Wherein the containers of each
photgbinorexguosmasuwwhiag afdag ot cysonhantirzaaiongna growth gradient,
T PR Q55RO PR L8R pposin
PROLRDIESRAG IS alRONhECER ScabBdhf thefinvesida@ed il Ga@ulls is
outl et ports connected to a conmon

mRnspEsRt, prl where andfsirnes Hebvernsipid Byt and sseendpvidavenlls shanges
R ER ok 1T RUBHOR] SERCh o BEGD sBisind ik Hffscoond
dnidiaitls;qiit) ssegetdp hhdiwahiaa Rdtotrhe@tentrgefitind ot @rioreactor, wherein
conprises a plurality of conpartnents. 5| n another
BREHARE AR FEMPHERS W@ﬁﬂlﬁe&%sep?a@\ﬁha%nﬁl;pﬁ!ﬂét(wb A oY BRt fits over a top
1l j: S : I ' I
o e B e UL R 0R o
t¢hasnd pnbaicmdghe Gfst ead kecphd sidew dissaaipise aphirality lodieparate sections,

C ni.cation with all other contginers in.the

B GBS PR SRS < SYSBOSP A TR ATRRICaRpR guch that the
RANEREAELAVER KX Mb e Seon®It)RdspdrPénad SR kok{ceMhdihe plurality
10 conprising incubating algae’in a growth nediumin _

of spprottolsediona of the (ot andsedandsideagfaide) @fleashene inlet port in fluid

i nvent.i on, and.exposi ng & al gae t Lght.~l.n a — .
SRRl ae BRE R o 8% ifieh b b oBmponication with
thatyiRsihem ge)tah@ethigalsygah s fluldcombutithn vatehe to@biner; and () a

enbodi nent, the nethod conprises isolating biol ogical _
topperatre contphsyshean anneeteddel the qpatainss s gs Lo gengok igmppiaiure of

h AL _ ) Qrs LAY il IhiyRlistance. 2

A S cph AR IR o AR {08 RO B Risanc, & low
denidcaltael matied Hetvosentshetiogs oiapl somtiinstystan, add said temperature

wast ewat er from concentrated ani mal feeding
‘@B@?Hﬁ?@ﬁé, agriculture runoff water, underground

sal i nf o‘ﬁ@&) Ferrd ARSI didn@ht, WR BB REact HIIRR: Icbmprises one or more

wast ewat ef, contam nat ed groundwat er, waste gages :
baffi dstcendotainto plonbrst gehexcandsidewallsdsd dste fgas a bairiss amhte partially

fromfossil fuel fired power plants. 20 BRI EF

SERASR BT THOE AR RER RS TRe 1. An exenpl ary

geonBh hh&theOhbaiihehd 1 iRfentiBR pFRadds PhotoblB@ctor modules,

transparent materials can be gFass, or rigid/flexible
qoingsising tfve og morpphgtebiotrenares! thelrst aspeeifithe invention, wherein the

I h . Fi. 2. A. i : i mul,t i .
SRR HLSPE PR o 95 TS YA Scioeacr

cohi@ies chnXR) @6inQfarlh fhdithe Ftuid fro@f individhepHoaEdresictor

unit with a |inear and
containers can be harvested through outlet ports connected to a common

harvesting/draining manifold system.
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serpenti ne-shape are presented. Figure 4. Anot her

geonetric configuration of the reactor, reactor units

can be nmade using plastic extrusion technology. A

reactor unit consists of three parts: body panel, and

top- and base-caps. WD 2007/098150PCT1US2007/ 004351

Fi gure 5. Anot her geonetric configuration of the

reactor consisting of nultiple reactor units. Culture
suspensi prefirted edshodimléa] the Phdtshibeasonpeet et fMhe @ nprises one
both top- and base-cap structures. Figure 6.Exanples

6F meraAlBes exiding hehiveenihe firsh and sgend sdepralls, wf thpg thpinterior
. . P3, ) represent different
F@%E?%g%ggﬁﬁliﬁgﬁgCB-aP%%g%ﬁér eactors. Figure 7.Exanples

of reacimmthareahbbaisnam, the Maértiouproedgtghstobiorbicghitmodules,

pat hs of reactors. Figure 8.Aeration system Pure CO2 )
EYMPTPOE MEHOTReRE RYQbEATACEE PBRE HaEHOLihE Recapd agrectof the invention,
SRR SOt T SBE PALOERGHL ik Bl Sl wihal other
Borgaines & e ppotodidreetccaalduteg option. The reactor can

be maj ntained at optimal culture tenperatures during

Che U BIGT “SRARinibE SRSEHARNRPHOR Brogkisy B Spalsltoweh,

E&H]’I&%‘iﬁé AEEHARAP AEab Yn £ YRRIAE BlclNiEh &%ﬂo@&ioﬂé&&w & the first aspect of
10.1nternal tenperature control optioon. An opti nal
thelinvention,emp expesingthe algad to light.dn mairefeaeh edbodimichie the method

eactor by ap internal -t ratur.e _control system '
ey St R e et 8T T 8 RaisE P dabodiient. the method
Ydrh Sk VRO NS bbb dcatiucis Frobd he hhAlekted alo@l &k 86ta further
culture tenperature. Waste heat from power generator

propefiingntathgancthed faugropingal grrecomprise subitvgdbe elane isghe presence
ed 1. [ ' r - ' h

(lfvl\%sanr?‘lgtgnstggﬁgsrg% ?élg?tgcwf{élﬁet@% ér%gp %5183{11531%1% o? Wa%t@%a{er from concentrated

animal feeding operations, agriculture runoff water, underground saline water, industrial

wastewater, domestic wastewater, contaminated groundwater, waste gases emitted from

power generators, and flue gas emissions from fossil fuel fired power plants.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1. An exemplary geometric configuration of the reactor. Clear transparent

materials can be glass, or rigid/flexible plastic (e.g., polycarbonates, PVC, acrvlic,

polyethylene),
Figare 2. A reactor unit with multiple compartments partially separated by baffles.
Figore 3. Examples of conﬁguratidn of single reactor unit with a linear and

serpentine-shape are presented. ,
Figure 4. Another geometric configuration of the reactor, reactor units can be made

using plastic extrusion technology. A reactor unit consists of three parts: body panel, and

top- and base-caps.
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tenperature is desirable. Figure 11. A conputer-based
~nonitoring systemis integrated into reactor units

and/ or 20 nodul es to nonitor and regulate culture pH,
WEIMG L & NCGB7PO4-3 |evels, and 02 and O(?CTTUSZ 07/004351

concentrations. As an integrated conponent o algﬁ

harvesting system optical-density sensors are

inserted into selected reactor units in a reactor

nmodul e for on-line nonitoring of algal cell density

Figutd 5t hat , Addthdr lgéﬁmeﬂcldonﬁ%u‘dﬁ@rgoftﬁe Bk QJ)ns"i’sj,tﬁg log multiple reactor

hardcﬂestr ng. Figure 12.Inclination of a react
unjis Gl syspensinm 18 indiyidgel wHts ipeoppeied @rqehr@acto@r and base-cap
stridrufes, and/ or reactor nodul es can be set up at the

sa | evel , at dlfferent levels. In this
Fighte 6; cul aeal;'éo fglerrsartergritwith ¥arigus lengthsigf light path (P1, P2, P3,

ané 18 réfreRnf &R lenfihg W BolihaBEhE IBclgs. di agram of an

i nd reactor. Reactor sectr ons in solid lines

Figuge, ?e sentxamples gf geagier modules fyitharigns lsngths pf lightewths of reactors.
Flgma@is c at e ARRitRRlsyabmE BLRSO LS -] hMé gudlanfig %‘fénﬁéd withairata

g_?ﬁﬁy desired | ength, Individual reactor uni
cergalf faé’é’ te derilitateaaioire mixemphile BRI eHtparIoume fof algal

ph@:@l;)tnlﬂiegigﬂ ow fromlarger |ight-path unr ts to narrower
or, vi sa versa.

. light- h units,
F’gé‘ﬁ%&r/ 09 %@W‘Tﬁ?ﬁ@? poiers Ihe pragior éallee maijainediatoptimal culture

nﬂﬁi’eﬂu&b 6606k 1 30HAier oY e ompMhithi@ iPR%Re erﬁ'ﬁ ttfperature
- functi on{sﬂ%) as a waste hol di ng pond;” b)

ranlgﬁ Y CYFPORFYEICO3M38t ation to the field environnent:

Figardi®@) | Ritémall teipbiahR borktfOYAdn. 200 AindTRERure tempers ce can be
the cl osed reactor will 1) provi

dl ta
al segr 0 Lé%’ c? glrtge e%%{%ﬁ By B éﬁepglct@mratqrp }:orﬁ:{ﬂl iS¥fem. Metal tubmg is
insevasit 1&%@@&0&&11@%1@&1@%%&1@ iideid ﬁ%ﬁatﬁgqmeﬁ‘e&lz)ﬁlnne

‘e E%Itrwa‘%ﬁ rf)r enhance bi onass productr on,” and
mPRtRre Warte EPF%E R PAVET SFOCERer g plealyicsidpe explegesderived biogas
can(lEU.thd asmbingihin ke tPhiRticsdurink Mhdh{ndirlseasBh A8l ever a hi gher’

S cch. rides). Figure 16. Exanples of reactor
TPO%EE8¥S‘$§“3?? i s preferred to be transparent

Fignmtldr i al & cofipater-dased 68 @RIngG éﬂh 1Qing§gtr:h§d irfth %Et%r units and/or
enq-strut.

mo&ul té)tnr‘,l I{A a d Mé&ﬁ%ﬁ( B Mﬁﬂﬂ@3 Q;;a,lﬁwreé% gnd O, and CO,
consdémhom Al aashﬂeg:rﬂd’aﬁ&impdﬁbgwf abgal Barbeddng fdterd6btical-density
sens%rg gre S%\A%d gn%)) s&ect&? tea&for Sti}xirtsuitnsa re;ch§r Il(::lgclilﬂee %o_rsr’)tn[llilr}esmomtonng of
algai cel! dens1ty and that, in turn, will be used to control algal harvesting.

Figure 12. Inclination of a reactor relative to sun’s radiation.

Figure 13: Reactor units and/or kaq_tor modules can be set up at the same level, or at
different levels. In this particular case, the reactor units are set-up in a step-wise fashion.
Figure 14, Schematic diagram of an indoor reactor. Reactor sections in solid lines
represent a single unit. Sections with dash-lines indicate potential ex‘tensien of individual
reactor unit to any desired length. Individual reactor units can be connected in cascade and
direction of culture flow from larger light-path units to narrower light-path units, or visa

versa.
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- Plasfic, of COREIR Sy

of, for exanple, nmetal or high-strength plastic
materials. Figure 19. Configurations of support -
struts. Struts can be made of, for exanple, netal,

or concrete. Sidewalls can bound di '
‘?hg&goggdfs or to athin strip of, for is exa?’rﬁ?@{syﬁol}/&“ﬂ
nmetal or plastic sheet. In the Iatter case, the strut
only serves a supporting function. Figure 20. Top-
(A) and side-views (B) of baffle-nounting strut. The

Fiddaf fd.€ cAmyBRd SHa-c15 R0 rEXAMR
léﬁlﬁ{;h strendltgh g? Pic Sheet T H gg Wle Ogenn%‘mds serve mult-

fungtions a) pe aavaste hlogh’& pnds Bripitish @Eﬂ}@‘aﬁtatlhg td ﬁleglehi afvironment; and
c) xhitﬁhﬁutﬁéﬁtt}exﬁgﬁeﬁgﬁé bivEnadE loﬁﬁam eg tﬁ@gﬁ ?% ‘gﬁ% provide

can be made of, for exa
seed gulpyefo the ogpempcamag i epli %lsweiﬁe\agmsmammpdmdy sdnﬁ&drc) nutrients from

g t: have
the ds‘lkb.?ﬁg?ﬁtlﬁ]ﬁ‘ erﬁﬁtﬂ@és ﬁggﬁsﬂéaﬂlcgoﬁ% i9y xgﬁﬂéet cc:l]] a'.ga%cﬁllrréulation of
desypblppEdypts Ssuch @s b@df@‘t@lﬂ‘ﬂwt@:rllmmlb Ipr@eida,airgolysaccharides).

FighRd! €S Babni& SGtadih} 18§ cdd
lgé‘:%)und I\/Ianll?ol d s?/st eﬁ%cargs Ztgt ¥éf&¥sut8p #a%pamm\ﬁanenals
Suc E]t?rf'ﬁl%ﬂ plafc-har vest i ng and/ or draining of al gal

F1g@ﬂé| tpur e g@ ﬁ@cPéi@&viéWs B8] oPA ﬁnﬁq t. T Qﬁ%%]c EL e of, for

IN\/E first aspect, e present
ex SEWSI\Rfd%%SHQS}Eﬂ%t obi oreactor conprising: (a)a

Fig@engali nel‘o;ﬁ@ﬁ?&xﬁﬂs;&@he@@'(ﬁ 5@cofnlléélem C?Hp%rﬁwgmts s gan be made -

irst and second si erein

opposI N
of, ﬂloé)ﬁﬁngﬁﬁén ¢rdch-prapgtiodlagieanafeddnd si dewal |'s is
Figdre aBs par@sitfigucations of support struts, Stfuid éan%qaéder& fo!r Q%mvﬁﬂ)e metal,

and second gndvval I's; .(v)_a contal ner bott
@BWQFS can bound directly to the struts or to a t’mn strip of, for
example, metal or plastic sheet. In the latter case, the strut only serves a supporting function.

Figure 20. Top- (A) and side-views (B) of baffle-mounting strut. The baffle can be made

of, for example, metal, glass, or high-strength plastic sheet. .

Figure 21. Top-and side~views of reactor sections where the length of li ght path
changes as desired. The Z-shape connectors can be made of, for example, a plastic sheet
(suéh as PVC) or a metal sheet (such as stainless steel). Such de‘sigri enables a single reactor
unit to have different lengths of light path, as desired.

Figure 22, Photobioreactor units and/or photobioreactor modules can be set up at the
same level on the ground. Manifold systems are set for supply of growth medium/algae and
harvesting and/or draining of algal culture from reactor units/modules.

DESCRIPTION OF THE INVENTION
 In a first aspect, the present invention provides a photobioreactor comprising;
(@) a container adapted for holding fluid, comprising
- (@) opposing first and second sidewalls, wherein at least one of the first
and second sidewalls is transparent;
(it) opposing first and second endwalls;
) a container bottom; and

(vi)  acontainer cover,
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wherein the first and second sidewal | s conprise a
plurality of separate sections, and wherein the

@@)L,,%;quosecti ons are in fluid conmuni cati on CT/US2007/004351
v? ?support struts for connecting the pl uraIiFy oF

separate sections of the first and second sidewal | s;

5(c)at least one inlet port in fluid comrunication

with the container; (d) at |east one outlet port in

fluid copmrenaRl GO aMd 5ot BaBIWAR comphiBe a PArARY ¥ s arate

systemin fluid comunication wth the containér; and
secHOnse AFEVRETEIEhE STPRFDT seyioresP dn HRidcoRNirating;

CONRI NefupBert 8utk %&%ﬁhéain%ttﬁé@afaﬁw@eﬁm{else&%m of the first and

within the container. 10- The photobi oreactor of this
Sec?ﬂdr%@e"}%ﬁéct of the invention can be expanded as

desicy ed dtheRHaHR ihldepsis o AhidlddgnrSiB@iBh Widass Eaisingnd

struts, to produce an industrially_useful flat_ panel

phd@dbi oftdeast e ouglet prag iny flyid gommupisation withicpniginegy,

fuleh | || foacRatDnaPbte N dodh@uaichtion Mih the container; and
phot obi oreactors of the present invention, and

modél es. TEpEIAEIR GoRlrel|sypigmy; qopnesntedits thy goptainer so as to control
temPBALRD LONERGHALS thedlotuiRgl gned to sustain high .
performance of nmass cultivation of al gae, : _
particularly using solar radiation, for conmmercial
pr cbhecpliotebiarbactdor this dirprl aspect efitwainlentitn cinbed esipamitd as desired
| ua- t ] for .
torcipl e U SRS PRI b ftfe B prodi b ndustgpily el e
pangimhgtabiprahctora gy desatibed ig, men dewdrbelw, Culbtling agredtsicad goithe art.

he rﬂé{}aho&&h@or&z%@s og B-Lef rysl;e% %9%?%%? &18511%4&1%%%1”%?:1 i3 plurality of

a connecti on at erm sage O

suclpy phefabierablersiereriesigned tecjustaih bighporientasce ¢f sadsentitviaton of

5 e rnvention 1s _
rengveabls bighlsamdoeer fvrlugtaddediprodoetnchs sietlenddt towsedion of, for

afmBhl @ o . i, enhadi Suhere only
e b G e i
si deseset berein, the term “in fluid communication with” means a connection that

algagr gag% ?‘98'1% uélfle & REAL YN PP éﬁg{;\xﬂ%{c?a%‘ géggg@éf Skt e&&ﬁﬁ{e,

permits the passage of liquids or gases between the recited components.

-A schematic drawing of an exemplary photobioreactor of this first aspecf ofthe
invention is shown in F° ig. 1. '

At least one of the first and second sidewalls of the container is transparent. In
embodiments where only-one of the sidewalls is transparent, that is the siaewall that will
face the sun when the photobioreadfor is used for a.lgai -growth outdoors. Transparent
sidewalls of the container can be made of any transparent material including, but not limited

to, glass or plastic plates. Plastic sidewalls can be made of materials including, but not

limited to, PVC, polycarbonate, acrylic, or polyethylene. Non-transparent sidewalls can be

made of any suitable material, inchiding but not limited to plastic (such as PVC,
polycarbonate, acrylic, or polyethylené), ﬁberglass, stainless steel, concrete, and plastic
liners Such ﬁon-&ansparent sidewalls can be used as the sidewall facing away from the sun
when the photobior_eactér is used for algal growth outdoors.
As used herein, the term “plurality” means two or more; thus, the sidewalls comprise
at least two separate sections. The transparent sidewall that will face the sun (“front
8
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25 face the sun when the photobioreactor is used for
al gal grow h outdoors. Transparent sidewalls of the-
cont ai ner can be made of any transparent materi al

'ﬁ%o%bzﬂ% but not limted to, glass or pl asﬁ)b‘i S2007/004351
at es astic sidewalls can be nade of materials

i ncl uding, but not limted to, PVC, polycar bonat e,
acrylic, or polyethylene. Non-transparent sidewalls
can be made of any suitable material, including but

side@hih d¥hdped B odt éi’ﬁ)iﬁfaﬁﬁl diGebiftsNwhie ﬁ’l\écbaé(osq&g‘%ﬁ]f‘ é@fﬁ W &n Be

acrylic, yet Hyl ene), Tibe rglass, stain
traggpagant O%Iéﬂmr@tseare%m gapbaa single|seefiansleng the length of the

phmnmwa@m Qﬁl&:%%ls& B&ﬁiﬂ@éé éplﬁ@amﬁ?%fgéc%@n@s the sidewal |
facing away fromthe sun hot obi oreactor is

us ed BF gistanreyhtwgeihe Annsy siges pithe two sidewalds ig dlaef “light path,” which
afforgs ﬁisfhmébilﬁalézﬁ rcHhceB{rEt'i@fL ?hbftosffﬁﬁ’&& dtiiQed Iyém ﬁibn}agsuﬁroductlwty

t he sidewal | S nprise at |east two sepa
The light, Hﬂﬂkcmﬂ@éGW%@ﬁwaméﬁna%lymlimeman denfigeters; lpeeferably

betﬁkléh f4d ﬁﬂﬂhxeg:rs na ﬁp&%ﬁ%ﬁé QiGd Dk Qb % g%@gé'é’éﬁ]so m lhmeters and 20

i dewal | ") corrprlsesapluralt tions
conffetors YR S1opapEferab Iy BetieeRn é&ﬁn@ee@r waswaneehmemrs and most

prefREbIY baRveRA RRBAUMESBH a8 10 BhidbRrsS eﬁ{e'n%}t 8h@0A%% ﬁ%ﬁ? ath for a
| ength of the photobioreactor, or can al so conpr B*a

BivER aﬁ’la}cmlferwé% acpepd. rblrest iRt faiostinpdinadhe iveific alga;
spebiRBBrain (8% @bwh f&ﬁdﬁ)if\ﬁbe‘éifﬁ%’@ﬁé@ fodudt/28o bt gﬂi&c&ﬁt h,

5 affects sustainab concentration

whi )

pho ngﬁé’( F‘tac@Fﬂd@Wéﬂ%W r&ﬁﬁe EP@r?a@St tpSdeetcrimare,ydepending on
o Ot 800 8L b o,
theﬁ%‘ %@Fgﬁg\ o dicken thecwrl] mntirial sauisesh an fherhighs|the material
cosb @Ilt&ﬁﬁﬁv%@* Whilé I0WRi8Ewal RN v On ERMHATEBISRY, Sn iR Y& RedRifber of

refe abI bet ween 1 centi meter and 15 centi meters, ]
se g‘ %”F TS 2 KPIp éﬁeeé agiyrnitagl ¥lumg sevigment; in addition,

an jaeehicdeiuaiber andié Iﬂ@&tcoﬂ@ldﬂ@lsteid &ithiePRdrts, b@et okl acration
ig ve%}dgg}?ll icati ont"\lgﬁ depend, at least_in part, on
SYSIPHg: REPHET FR WPP@ beirgaired 3R ifersgash Angiyigual
application, the Gelzhasttho kidswel i cb;ﬁmﬁi%&i fro8 Hbﬂpéhg@ﬂeeﬁn% AndEconomic
persoroczluced " The hei ght of reactor sidevvalls can

Pe?]tglgveesfrom 2 feet to 8 feet or nore, depending on the
t yJe canenmibbiitns sit: Gievedliaid @hliwaltd S bflstnUsB 138 this

e S BB SR s S S St o
conm'uet megsiuwauh endratchnralllal I Sthe&rhbodink it [k tidtdr)s wm%}blt& -
save erLi,al , cos Crease
sidepflls ShIGY Sl B @ LRI EulaF o By e s sogbie by
extentm stratsgihe mewwahawbémmmmvatﬁﬂfﬁmbosedrbyaﬁidiividuﬁrbtruts
o R ERRReHIRE B BLo PSS BIRNER, S SESER B ength from one

|nI ports,
metrtretmbendneds ef mdnltsr @ue$9 ﬂtmlglﬂ‘ahtdreb of theq:lﬂ&keﬁ@ho'ﬁﬂnoreactor, the

s1demg Sﬁﬁk I application, the height of the
ewa ptl m zed from both engi neering and

ec Eﬁh@ﬁiptghts of the face (front) sidewall and back sidewall can. be the same or slightly
different. For example, the front sidewall can be slightly shorter than the back sidewall in

embodiments where the photobioreactor is designed to incline fo a certain angle toward the

“sun (for maximizing solar energy harves_ti'ng for algal photosynthesis; see below).

The front sidewall can be made of the same or different clear materials from the back

sidewall, with optimization based on cost-saving, maximun light penetration capacity, and
o
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20 perspecti ves. I n one enbodi nent, the
si-dewal I s and endwal | s .are substantially flat; this
~enbodi ment is preferred when using glass, rigid
Wb35iGsisf1€€t S, stainless steel or concrete E’@T/USZGOWI}MBSI
construct the sidewalls and endwalls. In othe

enbodi nents, particularly where the S|demalls and/ or

endwal | s are made of flexible plastic sheets, which

are supported by 25 external struts, the sidewalls
hentarpadsanasfepeiicietiEy Fodl ERarhHIp, %@@o%&a&% Yééibiﬁlrﬁa%'fcfr%{d%walls made
of E@ gh%;oblo eactor of this first aspect

PHUERFFER R f’rﬂaﬂﬁ’aamﬁﬁe P glass Platshbesisusaie elastio material may

reduca tiegt dsss GomB1i1BES suspysididtolthe sfRSh@Rpd. @Q%&z’r‘ﬁa‘%ﬁmg 12b€has a
t he S|demalls can be o %

en .or eact
m@‘&ﬁé?%m%% ‘Ifla'i*ﬁys apq thug dheruge o1 elpssahiests 85 thevednt axdfok back
mdbazaks ﬁi!ﬁﬂw the ¢&dttdifo Hih@lpﬁﬂ%céaﬁ scthrligf h%ré&f icieptly than a plastic
dd|f For exanﬁ the front sidewall can be
SIGEPR Fﬂq ?’aéﬁ’o'“}‘t”%‘imefr MmahEevlck si dewal | in

enb bdlareinr exahiglecifohe cRRPARHANN S ot Ofrarls Ea:gl?ﬁé:ﬁ/r]ﬁ-QbfeQO maintain
|e toward the sun

cllnetoacertan lg
S7icy 1 NgRE 18 80 G e ERElerigh Pithaagt 1 less expensive, then
theﬂhﬂi@ gualith emitcial 50§ ealsedMor front sidewalNehdrtthe éhég?%&enal may

Q sa or different clear nmate
be i O I PR Rt Al TR ot esson 4o b ¢ Sn b deiog back
sidewslls thandré1fot thRXpaitiPahi @Rt mA®N&deabiv B
malfR2002/ 0 098150P1épil'/u 2007/ 0%4351 ﬁgat PRl gt Uengtn
F &tecly Rlagiccliners mansiverthe kg afan earth bank

¢ bmatocﬁdemedeh@el au:hﬁble&gmf;s pl astic may provide an
the_ plastic

advan e Qv at es _becaus
ot o7 VRS e B5Bad 0 e G saspedidowtlsomrion 2. 3, 4, 5,
10,126, $h@Ssi, mfmmonfgsoa A%-hﬁfm&bbx\éﬁﬂ s}écta&'ts ﬁﬁ%ﬂ-{%ﬁévzémus e?abodunents
ransf e C an us. the use o
o el LIFES, 14 L0 IO 0 S
Sﬁpa‘ﬂtmtldns Wlﬁlacth@badccmdhvmn qaﬁhemgﬁfeﬁféinée keiioB et cal BB comprise

effd ley 4 iLc.sidewall material 1n a
3 Il 5 ci'Oe‘E% s %?Bgﬁ 3?)}In Qﬁé 5%0 Or|Iorg senarate s%:;ggﬁi, |1@erq 1§ no upper
hrru(tj pg thad mbmaf mplaaite SES:tIﬂﬁH ﬁat dan b8 B B 10AR Gk Qpprd eﬁe SRuts are

er than anot her
usegrah{r% eri afi %%B?S?%R E%P@’s?g Sgilbselﬁéﬁ“i/@mt‘?tﬁ%‘ﬁ’acmf Is otl,
wheg¢in “h7 iithe meubdri df)%ecrmme Df ﬁie fh‘a;anbk:r be0fd faewhnont
si dgyal,l, eL _mteri. 0 be used
for t he ac BSI ewa QfPSnﬂ%ﬁQ anry 'E%tg’ilﬁﬂﬂéﬂﬁ%’?% 36l wih the
SIdea@llarmr&ﬁnbyn infenier spackofithe emiuhsr thitakn Bk dd@lretain an algal culture

to b& éﬁﬁﬁpﬁr of2htof! Hrc'alt s mc\:’ie % Sél%‘e r?otgrlngf,elch ta ceuerete,

gher strengt mat eri a
tile, glaééwr thyn sheef of plastiaor qmralcwtm Tﬂ:me isop refjuisdingd tHaf the

contR@BKbdiidpE chﬂnsﬁgreﬂf; Sith Sihﬁl@? b? ﬂ‘&%ﬁ:%&gf lgllﬁ'%)slgggsﬁ gmbodiment,

various preferred enbod nts;
the contpings bp o ghpadeaf the seme matSialsis bOs 02Both 5 theidevilld and/or
endvldlfy, . 200, 500, or nore separate sections. In these =~
various- enbodi nents, the front sidewall can conprise
2, Tie photobiorepgtor piso cgupriyes a cppiinet S, to 260,entdfhonar
dusmﬁﬁ@osﬁp@gahﬁn§ a6l ARSI hE BultRe R
. rise ?ésngl e section, or can a%(% c%%‘efev?°r§“°“ The
op cﬁn of glgss gxplastis matgrials, pyd is ofred obe Lanspawet to allow light
peneﬁreﬁﬁf 6(866 Sﬁﬁéﬂaﬁfjﬂe FiBeF el 6) $n R hddPReferiel
of grlunber ge ate sect | OI‘)IS that can beml?g)g etnp?ﬁletﬁ’glsmade
Ea ool o S es‘f‘?elﬁrgx’g? of thy sidewplls and/og epql‘éﬂ@r Hdglalso preferred
that @aidgobaeentt, antdngla"tu Reho:lonot BROEdrvhrie UA ol B
phot obi.oreactor is n+l, whergjn "n" is tﬁe n&%amte‘%aﬂgleor

sections of the first and/or second si dewal | s.
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The contai ner bottom can be made of any nmaterial that
can forma seal with the sidewalls to define an
interior space of the container that can hold and

ﬁﬁﬁhﬁmﬁﬂ)algal culture to be grown in the PCT/US2007/004351
otobi oreactor. Such materials include but are not

I|n1ted to concrete, 25tile, glass, or thin sheet of

plastic or stainless steel. There is no requirenent

that the container bottom be transparent, although it -

Shtbl n wi Pg%g&ft %Qémﬁiﬂ %)notgtq’tlfﬁ%]rre & sewm Gf %ﬂ&tl'lt a&%? celis on the

conta ttomis ma sane materl a
innesutfateofahe cover. Rotowal beildrmioHrvatendinps dl/orErewing algal cells on the

P lplol el &&ﬁ@g&%& witk 3@EO] t';%ﬁgn}agig fﬂm@aﬂuﬁ@& Rover is thus

prevent al rborne- s/'m or gani sns
pretembly designeti suduthatit &, eaa&nt» remope axkbresctiip erable cleamng of reactor

V. dhe top can be made of glass or plasti c
innéES 9{}}9& %R gﬁd is preferred to be transparent to

‘al |Ipwhils rﬁgittasmhef thgtavention, Support rutvaampideto fEpjde & framework to

cond B ldbeBortR Voot R A PUHIT sBESHe i B P fnlfBER: be of any
matsiislenithtls foribis prrmoseniaginding but nog limited tp metad end Highistrength
pladtfdCedn@Retdr %&Ln@é p@,ral@cﬁggea awvé 'E% Qi éﬁ@e&@vﬁ@aﬁm function, and

curvat ur é. cover wth'a til angl e or

alsPBovide MWMMWS %oeru iSiiees mmaplso define the length of

s R G 1 OARR LS B Pl 1) lab Bni she),
In gao@reh theetrugn prpvide guproriaedenriagcogses s didewalls wupipr fo have the

mdéwag@ hmﬁ@édl (ﬁu&ﬁm Q6. TRB Glined YrdAGER tmdd ey G@MEIIsYbihlone another
uce lig penetration into the culture. The cover

andjby the, ﬁgn@éf@b@ﬁywa@s%ﬁw singls iptraer specq i theyegntgiger, which can
be BrEERY ﬁto%%ﬂaﬁﬁﬁhtsttﬁmﬁgﬂ la{ea;se |o?ﬁ£?ﬂ?ﬂ@9, dRbcrltRa iR ﬁﬁl}#ﬁb%w

surface as needed fi rst as ect
t heStryaRthysihe g@ﬁpﬁo‘ﬂtﬁ@tw‘m’@ﬂa Pé’cﬁ Begiced e, gvhich enable

a sih§18 PRNBHI6rdaeof AR &5 ha'eRBy IGRM 81 &nfighiatifN Bodle {thés may also

first and/or second sidewall's. The struts can be of ‘
providg figme stpeures dor babfles to dix emipemdsredislow) o crgatimpRy HOer-

conipbtrdeh @ vifln b QingR! BotsHitkehdighuriii. 'S80 dAn Bls8 B iuSed to provide

concrete, or. ceram.c. As discussed, above, the_struts
support for gpdwalls @ﬁ&bﬁrﬂfﬂ%m&rfmﬂnﬁﬁw%méwgﬁ a3 sl ag eomges (See

Figtds12088 RF s;aeniﬁmxysi RYiBhd &f sty @eﬂ to u&%nmmlsairs;amers)
deflnethelen reactor || ‘ng%zftg%'fﬂ) aﬂ[;
corlPiagurisred Fm| i3t o SUgRPTE S lofff to the container

and S8 fediptd dﬁ:baiae suppdit @eived thie ,cohﬁﬁles iidd1So I fuvide the surface for

urface area for sidewalls to join or to

‘nd‘ﬁﬁ‘gl ‘IE‘F’é"aE 532401 s bonded onto the strut The inner
st 1H atpséferrbd embodiens ifsleagibvbis uinBed (npolsidiadl Rethe aBGbBYof struts

nt and, back sidewall's creates a single
mdP‘E‘PEFP‘gFmétﬁé%é‘Tﬁ ‘the container, which can 5 be

br 01khefb ar8 aatbepaf deximt spiiohs ﬂ:utg:boxtuhﬁg B‘S@oﬁn‘ st:lnm‘tblceﬁnect the
bed truts
e s erperddreree blhedE sy stdnd sigally Wioiede fRR miea

to: enabl e a Si ngI e photobl or eact or unlt to have any

fh G, tlon e [uts al ovid
, gg)e s?lﬁh ¢ r es r proxider g’e Sf'“ft %(rc%%}%%ﬁf?ecrﬁs fc,g%etwo sidewalls to
be bloacﬂcﬂd/t): it, butalsatoazrmdy wel’ghe Bupportﬁmpaha erterhal direttiom athis

emb%'dﬂgen‘? d?% 0210 BRAE B kil or b LivleSs SRR A8 RE 4P 8L,

cOmpatlble with the type of bondmg agent {including but not limited to glue, s1hcone: epoxy,

etc) used to join the sidewall material to the strut. See, for example, Figure 19,
11
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20 support for endwalls in either |inear or 7
serpentine configurations, as well as corners (See
Figures 17-18 for exenplary depictions of struts used

endwal | s or corner In a
ko aaas ° 5) ERARL0 5 hass:

the support struts are | ocated external
to the contalner and are arranged to provi de support
to hold the container and alai to provide the surface
for individual sidewalls to join. 25In a preferred
enb @2l medhe stﬁ'ﬁtrseﬁ/eg IaS/Q.l’ppUﬂJ@ﬁﬂ a(sﬂ bf@ﬁd&g h@&%&é é‘aa f’o? fhe edges of

of str i nclu stryts_1s 1
el BRIl Rtk Blaivetar e Srsal it P bendadhdizsoey taifbagirat, but to a
this wixzo of plsit;eufﬁleta‘l (€. glt’,l aecrip/ diﬂ‘tﬁmlqilatha oﬁbthinYesQ §te§199‘3@ét%tf the same
0 i r.st _andlor second. si
siz? §E oG c ot e R B boreos B pioemalls prd gt Sicp the st
is prt dxrecilga:ohi‘aetea uhd bosdedre the sidevialle, tRel 8 HreQff tﬁé’\&rut material and/or

Il.s to he banded t t also to pro
auiie? B Pe 1t Srtoee ADMFL e Bseouien 55 674 @A B in preectridowall eeds

to ndeplitet® fttcan bé cdstly RERbOST B6m thiaderut B@u&%fﬁfeesl@éwatlﬁ%onded toa
hjg?‘t ;jg]:l |§isrpasgith andnjgl at , 1and al so conpati bl e

(e B A s non YRprisgetice EFW&“&’&}WB‘:%&F"%E at mmsw@waﬂ joining
regiag. @ea,eﬁore:idm;ﬂ@rlﬁgumy, etc) used to join the

sid Il ,material t trut. for exanple
Fi _g@ﬁg 1@3""3‘%778%6‘7‘7%@ T‘%fﬁyé#/‘ BT lpsticyor gralogous
maigtinls) caﬂre\measbmqeﬁ it mdﬁ’WhlenﬁCimiwli- @ﬁﬂtfé&%f@tléét{lft 8F Bmer surface
S 1O contac

for the es of si.de
of ffffeiaflc o el SRR ool RANsG R oPEET I Ppansien due t
tengperatitre clouized wndar bﬂltldnoﬁdmﬂinoﬁﬁ ok gtshme @éasﬂﬁttﬁé gﬁs&eigmil also be
sheet of

|
plaebldha e Lt Be BicRdnf (Do o Dy Dage oiiie rogiar

he sane i z&
b et iectype bﬁocmdnbg\/@bhmsam dclidnes si ﬂi&t@rpa%ﬂ?ﬁﬁeﬁeﬂ@uﬁdﬁﬂ Lidewall

cont act. he . )
conk 0 8 S oL A BRERR 2 gt s e
optigizg the yypefofbhading agent QMeﬁam&hofeaéﬂi@gsSieEdiﬁ HR&BSing examples of

si dewal | needs.to be
such BERIAL I Thctuds, B o Rof 5 efis iR gl rpogiop nd siicone.
st rIUmlhbéeappmt i tewadfl skilbinrthedtt that mahy gihctisizhide¥igns for strut
supﬁc.m o tBl: r Sgétl(%‘f P.‘deb5 ﬁ)lie%?ente g{)%sﬁd en o e;ﬂgggtstheelr-em

seal 1 ng at t e Si ng r

ex diglphotobjogractyrd Gonidin 3) hagmk aﬂet(mnyin Shhid edth@unication with the
I anal
contiRef Thehurod e R AIREHARG o RhARMI 0 Shipa BIN AR e

mat er ials
SuspeRsiass, y@fef/a@gtewteg,md strignt solutiomcintesthe tameined. | dprferred

embBiRsEht, ShOINBbAR ks 1%5:5&@ af h Qfdﬁ)ég tht%:})hi)%t gq%%aec‘tfgt preferably near

t her no-contracti on expart SI 0
the top gf B container. Thararaorbecms or tooninlet orts tdceted atm:r near the endwall

to ddlﬁf@ﬁ&ﬂturé Hl@dlﬂ%s 5%51 Mﬂsbéns?drﬁ %&@rl@i\ zg r nu tésggpons

ge of the sid and base cap
Diff ?fﬁ%t sehuiopgfan ﬂiw@elt%eeasfor ﬂsﬁ@gmgsmgje nﬂem%dpuh@pmm/s

. locaRa at fenday 88 eQAwARIAbIAlaSe é‘ﬁlﬁﬁe tggractixgﬁ\f@uluch the gzghest nutrient

constryction and the strut desi as di scusse
concepiraien ITpgRE thegnleg pud thejlowest gongentratidnlis bictha itrentl of the reactor.

: Diff@&itlﬂﬂitridﬁt bdiRehtyRRnS hrBQnAL %%wﬁgsﬁg blgnl"?}ﬁas afcillo['ngﬁsmon of algal

achi herein. Non-limTting exanple
cellsy, Eﬂﬁ?’ﬁé’gpi@ SHrent-Fgh edium, Gtayai?gl@ulrm aridj suitgimce high growth rate and

biomasy preﬂlﬁ:t@ityl Qﬁher@d%%u@e%t d@?lgteg 'xﬂédgﬁ’lgrﬁxta tsﬁlg}MzJ#a %lgg}fl}ﬂhems and

ent to those o
, celluﬁ:?g uargjg:i\ é’fPS?'I@tlHﬂs long chain fatty acids, and/or secondary carotenoids.

A nutrlent gradlent created in a reactor of this design thus allows a continuous shifting of
12



20 support of the container sections could be

i npl enment ed, based on the teachings herein.

The phot obi oreactors contain at |east one inlet port
omuni cation with the container

‘?ﬁ%@%@%@?ﬁg fluid, including but not I|mted9?1711Sz'mmo"m1

cul ture nedi um aIgaI suspensi ons, water/wast ewat er,

and nutrient solutions, into the container. In a

preferred enbodi nent, the inlet port is |ocated at an

- alg%@ awal 4 high thidigase @95&?:@!1&{ ﬁ@@é a high Q&%Erﬁfﬂt%n%ﬁhoﬁc desired
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the top of the container. here can be one or
PrquFfemO% g opdet At seneer ﬂt?rfah@airoftth%reeﬁamll ensyrechuiryasting algal

cel WAt BighRd b&&bnaifqaéma%%eﬁw rodd@ShANSGevat er,
oinutriént solutions. Different solutions can al so

ent SltemRivelzgupbiple inlesiiptsanay hrgloeatedhterertaimiiistance postt from one
andther'th kBduks nkPicAt ﬁﬁ/cﬁ”al (f% cﬂ%’nc&ﬂfﬁh@ﬁdﬁéﬁl l'll(}lje %r ie%s homegenous

create a nutrient ent in which
thropghepisthe reastos anity btth@wms theecgHs ghpavy m|a@1vmaqt¢;gw or module

will R¥RSHerRRALC ﬁ@éﬂ‘aﬁé siofogdlal sbifis fd's @:ﬂﬁc {; H2fons fIn tl%e case of a
reactor. 30 Different nutrient concentrary ons affec
lingag g Wit I&H@m&ﬁ igleh epvterry be setsilelomg the reattomlength, when desired

as di€dusSed d6R¥e. R Ence MbwdeR Mietipthts PRAMEPHIRYed for a given use.
stimul ate and sustain a high growh rate and I OImass

pr o4 HGHPOK(S) AR be losatad at :m;frhmaé peletivedo whesidgyyaliayer struts. When
muBipldPhRbBoRLOSY BHRESE Sralidd %?&As@ﬁ&rana%ﬁﬁﬁ?é %ﬂeﬁﬁoﬂ Hows from

neutral lipids, long chain fatty acids,

OneJERANTHHHY o DK beRs A itarsdovnsHERmR St @P&?f?@ﬂ todwaue thednlepport(s)

neaameaapbpme?rfhotdm&eml gn thus allows a continuous
shifting of WO 20071098150PCT/ US2007/ 004351 al gae

f r ohhePHRtfioREREL s HavS atRcsholbe irventiop danymise at least one outlet
porﬁﬁlCﬂtHH kainbRRiation M thd oS A rehOAHE BuldGein ﬂim%ntmner
t or near the far end of _the reactor
mc’é‘H’é]ﬁPig"ﬁ syl FV?P@“%IP’Q%‘?’T pavestings In § E@‘F‘gﬁﬁ’@@b@&ﬁ?@nﬂw outlet
porbik hst&sadr@ €n GEPRRULHAASAIP 6O Phifbioted RR f081 the inlet port. Placement

native multiple_inlets ports may be | ocat ed
of t% PAIEAS gaﬁvﬁg‘i SR S&‘ﬁ%ﬂﬁt’ npeds A dhigcusst. Jhisep@npleoin using the over-

flove pﬁmlﬁlemsl tartheik o Revedtinglaga ulk@t levePAGRRL RS SiR1S pbQ is preferably

enous throughout .t he reactor
placi = i in r S5E RERBEHBCIPL AT e GEUHAR PO a3 9h cultue level can be
maineireHo in thik mbodioRei) kids pididrrddas aard@pbugal portd@édtécp&ilo@ near the

s A58l A ARSI RS, ol

example 8 sotagoi aralweaﬁécﬁmtedabm maetuee:aaemod i8 Eﬁifé}abwmed near the
bou B 5 TS BB BRSO FTbt EBand e e serves ot

for Hehreesting end pactof dyaicen. W;I!tleh dﬁeaiwldt pt:rt(a)‘lyfafbeibwéd near the top of the
Vva S I ,SLIu
LS, Ll S5, S L0l e

Hmcauwmuneﬁsuspen5|on floms from one reactor uni t to
n e)gor Qﬁﬁlgﬁ?t rﬁﬁote&l %?gé Et%‘ar.n X It%g c{lk}ﬁal 6? h ‘ﬁ: g (rnr:t?et ata partlcular \
lecaph@recmmteam mdwanh Hoprheetrowhm malipbe phoméblbﬂ&hﬁofslaEéio be arranged
Qﬁ@gg& &@f AN, COMRL | ast one out]
mp a‘?ﬁo Ig%g)gﬁmmm cg g %Sﬁgﬁqlﬁm FeMES ?%Fﬁg‘ﬁmﬁ may be
reduﬁ@;i lf raélrmwwget bk arefloaad 41 ¢hconivailnend comedmumgcommon
manfb SelsLUES nsions for harvesting. In a
prggg?r§3§enbégﬂigﬁ the outlet port is | ocated at
an Thp pheobioreastorapf thistfistrspeit of Sisiioyesion elso omprisdn acration
systér i€ AluRUohmiziafRABRh @ bRGineHt 'Eﬁat aepéHo'il P&ex?l%%ﬁ’%ﬂggs any
the specific needs of the user,. Si A
the overflow principle as a ﬁgans of harvestlng and
culture level control, the outlet port is preferably
20 pl aced near the top of the photobioreactor or the
position where an ideal culture |level can be
mai ntained. In this enbodinent, it is preferred to
haye Fheloutleg portllopayed at or near the._fay
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25 for harvesting and reactor drainage. Wwen the
outlet port(s) is/are |ocated near the top of the
photobl oreactor, a separate outlet near or at the

ttom of t he endvvall i s necessary for react
"&ﬁgé‘fﬂwgﬁ“é For a single photobioreact o?{jT}U?ZO%ﬂM:&Sl
not be critical to have the outlet at a particul ar

| ocation relative to the endwal |. However, when

mul ti pl e phot obi oreactors are to be arranged 30 in

| sul¥ bl 2% (B 1RGN £ORIALLERLBLAAAES 1R S1RL and o

| ng/ connect | ng material s may
’“ Plag cpapressesyair fogiteciquityre mivang: ridtwhlak aexatidn system may comprise,

fox“e@kﬁﬁﬁ&t £ tdtin Ame I P eTRB)] JrQ'J a&%cr@ nctY Rl Bioh ?’V(htélbmg), or

22). The photobi or eactors of st aspec
mefa] (wich A ainless steshp Fpseample efpratmmmrs!gnmremdam bf kornglressed air

T e T

reaglor ﬁléBWéllfsafg fAuite high (fos pxampple ofeifeet eighigherh atserondi aeritide line may be
mn%telﬁdi&dy forR¥Qmb EehﬁP%? bEtReen %QO Qld WOW% E&c{or to enhance

corrpressedar to eftect cuture m Xin

culfes gixine: Holes ehsariain dampler Guctorably lmm & }~20 mub Lo ﬂ@”fam
distREE(pRéfefabB8Xi PL 80 ndh) ({ﬁ‘o% SndPhifdtel ﬁlogg ﬁfﬁt}uﬁﬁg}{&h 3 B bubbles to

or PVC t ubin such as st

effget Fulilyrg HBF’é‘ﬁgégiba{l ﬁtﬂ#ldffofﬁﬂ e blsmnded with cbgﬂpmmdr@sat@cbertam
per@éﬂ%ag% (BRESHRY #dRUI0; Eif_fdc ﬁ/@ta?@dz% éﬂg\qﬁﬁ 0@{93”1%1 algal

&Hnt ai ner bottom feac
P ‘gfi)sﬁ& F‘FsIna?P@e(ﬁ’GFetseO@?@ﬁ cf‘f’@frl (féR MIée 1g theeferm of acetic acid and/or

glubd sghedn)ve @id%& SQHéiad@&ﬁﬁ% Hﬁ%uitbx%%éﬁ?ﬂm l?@ sdﬁ%&toa?%é‘f %givfth Any
exanp al.f way between the t
suitshl SPUE PG Forboh Ehmde can by @Chﬁd;aaiglt npigliraifedfo industrial grade,

food @fdda] OORAEIE lzaddR eafifd BRI B%Y‘Ee@ﬁra@or; b%?j%o%gal $2dmass

tain di.stance (preferably 10- 50
el e i Grars and e BrePeieion et Bwdues aG extracted),
natehlf @I biod (9)e efianbl) tnetlant BBRAINH %ﬂ&a@%@@ig@éﬂ%ﬁ%&nﬁnon of

Bssed al I at a certain per cent a
algal Bl S B PG P Lo B RS te 4 vsstettister), and

llqtﬁlhfdsﬁhft&DUf biefiely (idhgfhe ABALPEYAbRARLSY, | N some
or exanple in"the form of

, ani c car
ace hﬁ&l% RSO g? Lfgfﬁts"é‘)i SecdisapPestiRfdheivaainnegn be linear or
serpenmm mmhapn;béd;lf@: mdipw;rthQresupport al gal growth. Any :

sw Source. . of tc di oxi dglgtp?‘n be used,
i nc (O o it 1o L % St &PPif plebiofgagtor fymher comprises at

leasf Qmacﬂrgmag@out@fﬁhf i phféﬂ'eld&ngﬁﬁﬁﬁerﬁm draglgd 6:@Q18; POWBied in an

en TGRSR Bl B desnsbe BB af tienrieahh dareussei sbov,
whep ap duet-Bowmaodeyit uaagl mdhmgfs?fhgl thén, §ESdraita SYBS &p&ate port,

obt rom ero
P mf%w%rb? | on é@lﬁeﬁsp ari ¢ gJﬁhe LR If‘;‘a‘t‘f}{’i %%"’H}g i Wedlture with
minimgwh guergy m’mﬁremeflt Nail:mﬁwge mlcdm oild b@&sihglbrdr@iﬁaage outlet per reactor

unit.” @@?tfﬁﬂr a@'ﬂ)q t%%” dtB %%%]{J,;J ellll Biﬂ,#gl ggg% ouﬂets may be

‘(i ncT udi'ng gae "Pase
prefegstags dior instarse.dios a gérpelttmef—lshaie reattbraROAEinAge BEtSmaY be located

at m&{%?ddap&?d%@?d an be |inear or serpentine in shape
see or exanple, Figure 3.
In a further embodiment of this first aspect, the container further comprises one or

more baffles connected to the first and second sidewalls, so as to form a barrier and to
partially separate the container into multiple compartments. Baffles are especially preferred.

in embodiments where the sidewalls are long (for example, 10 to 1,000 meters long) to
14 ' :
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In a further enmbodi ment of this first aspect, the
phot obi oreact or further conprises at |east one
dralnage outlet. In a preferred enmbodinent, a
outlet is located in an endwal | opp kgs <
|n éﬁﬁgﬁrt and near the bottom of the endma??# 2 lfbss:
di scussed above, 25 when an over-flow node is used
for harvesting, then, the drainage has a separate
port, preferably close or at the bottom of the

paﬁ%ts@ﬁar &t@ tﬂ%nkdlﬁ&tlﬁwqﬁﬁilﬂfe'&gnﬁ&h%@ r:ﬂ‘g#g ﬁ arre 8@51%113(1 such

m Nl mum energy requlrement.

'th%tuth@ adlop the HERRE neTtiqTEet lp@rvldu@'er@pmartmpts 10 pipevetoeme ahother. While
th@bdfﬁ@@&rpﬁe WHnS{ lﬁfgh@ ﬁéﬁféq%@ PRIl ﬁths gt@gr}éd%ﬁ L Béfﬁ@%glght is

outlets may preferred. "For In

belyisep OAYS and 9%@9@ m@a@mfﬁrablmhetwmawrzag@ Mpéﬂwﬂwgm of the
side®aBd. QWIRD sabh bAXGeY b&%l:d %ﬂﬂ%lshsp%hggﬁ in mdhwdual k&'lﬁ‘amnents can

further embodi ment of thi's first asp
flogpkseraione comprtment te GRphEs althangh ﬂaﬁrlovmr nammmn@mdual compartments

arcGiONRRE (B jg)o 'ltkféepvfrjg&s%tof "% ci%@l%ﬁ '?ch§f Heval b +1 Lﬁlzﬁ' co&partment

forma bather and to parti al arate t con al ner

s ‘Pfﬁkfals tha st @WQIWW@BB@FW stilh heldanps of ticl oplture

ﬁﬁgﬂred i n enbodi nents where the S|demalls are | ong

for exg&g 10 to 1,000 neters long) to
200?1199 mw e@ée@fﬁmzpawabwabla |fp1ymglgpxanan 8 cotfainer

su m@g g ki@, Relddi) &t%mﬂﬁwﬁ@&m sﬂ}ﬁze @&Eél%??@raﬁd rigid

| ﬁ% such that they allow the upper portion
Paﬁ?ﬁﬁ Plo {rgenetibg e massrials wssd fyemetop be wm@dfox/m walls can be

etdrfe bafié keudae ABevedf TH
e r ferred that .the g2?9§§§ﬁgﬁﬁﬁ§ﬁﬁggbetaggﬁﬁngpéénd

megl?ﬂz,i @S%& figripls Andrhetghy obibe - Fons grd vdere abaffle s
jc)ﬂidﬂ?tli&&trgmm@fdei hst cﬁﬁﬁ {HeQBhdSfor MIBERaIBUG HoiR 2kt 8% tﬁé Surface on

ture suspension in individual artnent s ,
whigh 8 bl 13 TG, FRSh i S9f A I o et (e aninsiagloe joined fo the

smIt m%niequea&&feb&aﬁfm bR FdWi A bori PATRREHTRTAS 1R section, leaving the
The purpose of such design is that

uPﬁeﬁ Sec,“gg‘é OB%btopfé‘Fae(?&Ft‘aﬁe S(E‘é?Fﬁé‘PP?r’é‘ﬂfld‘P’!éi“BJr GHRRarRgngs to
conﬁrﬂﬁﬁmﬂé ahd ik 0h boak ReIboaRARA ratsambﬁ-wnkbua Ydtbe QQB&ted at or near
ension. toThe baffl e can

t ul tyre sus
the fRem gt “&H@ﬁﬁﬁﬁt"@?‘%?a‘s PR loss gt nsered (ep direur 28)- When the valve
is opﬁnta:ilﬂ&e&orﬁlhmﬁrﬁs ﬁztg:hﬁl algﬂactgf it ﬁe Iﬂtﬁcéd!ﬂb&gd Q&tm%‘;o{ua the upper
st ai.n ee and ri
S""’g‘ﬁ‘“m" ‘etg“ s‘ﬁ\%&g% © GRS *‘i‘h‘é Nﬂi" 15 cipecly el tecppgrRarts of
mdl(vrdubbﬂ;dm}mmbﬁm elre naﬁﬂérﬁ{neelﬂdi Uyiler Sore@id chlitisRd tHeQblenoid valve

cture as,.wel ness f the baffle
on e bt 4% b P RS p iR orm R obh LT AR g an scciddotoccurs,
(e. gv\rrﬁbmamai' balcmg;klhm@lﬁbrolﬁent),l'te abaftiheise Fedired b_SrScliéJéperator. _
oi-ne .ovi des not
_on Iq%:/l %P % 89123 ngnc% g)f orr llé: Oha eﬁg?tf’ mfe(‘.")’c'jof)?cf‘fop 1 ma'?‘éscﬁrts‘rﬁpe“t of the
inveniiph.acengia linkhrghotdbéorbadidn it is lnﬂ)uﬁtefsil.onﬁdﬂ e tbaffles are inserted

fle ca 0|ned Q..
equ|s R0 e L1 B00S) Ao alilhen ol i el s o
coniginep dibeheighs ofithetbafldsdnsrmaettit sioorter Hm\thmg)ftsialewuppar struts, cell
ltég e . _Sus n
e S Al oS P 008! Gyt o purpseof
the bptde smirtre e the reacteinghisitel pmmtrimslsloxﬁdle\mn‘tweculmre in case one piece

of sid
ok Skl 15l Ao AR DEA Ly e
from,the peokes copwpartmght alphg with mmlmm@ ofi cutiare aéooweﬁmﬂmrght of the
baffléirhic |
T e ) 3P0 Pk Nl B batfis wouid
valve is closed, only the upper parts of individua
conpartnents are inter-connected. Under nornal
conditions, the solenoid valve on the baffle is in
the open position. It can be closed, for exanple,
when an acci dent occurs, 25(e.g., container | eaking,
sidewal I s broken), or as otherw se desired by the
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In one non-limiting exanple of a phot obi oreactor

according to this first aspect of the invention, a

single linear photobioreactor unit is 100 neters

&n@? /0 arbe baffles are inserted equal ly aparfi%'f/%gzeowoonsl
er |stance) fromone another to create

conpartnents in the container. The height of the

baffl es is somewhat shorter than that of sidewalls or

struts, cell 30 culture suspensions in all individua

beA0RP 80 tERAE. In Bher WordR0iRReddiR chRPalAbit créEJE&x i?e%?& &vo baffles

of . the_ baffle strueture in the reactor unit
Sh?ﬁl%’?’é’?{t' q ggdunes Fpacg T &0/ ie 18Q,09Q Hists. n case one piece .

of  $h BRWrlenibddiiedl Qe ﬂ%nﬁd}x Mﬁﬁ@é’;ﬁ{ot&ﬁ@ég&?x’ mlﬁ\flﬁs compnsmg

anmount of culture I'ost in this case i s onl

WO PHRFE RIGHIUGTE IR 03%@8%5?% af M‘fen}?@lﬂatwlmnemfthe containers of
theGiHotdbidte ARAY Brelih Qllﬁtﬁé(ﬁﬁhuﬁ’it: atidde 1hafif bfb &hﬁ%g{, Wit idual

i S, suggested that an appropriate di stance
ph(?tﬂlal afggporgzgpqrp Fey\ip dirgetdipid gymmunication at the inlet (ie: an inlet

suppBAig 0985 ARETALISR0AY {RN 4B HL &%to%%r&é&to’i@oﬂﬁ}dﬁgss? d,@moduxe they

other words, the reactor conmpartnent create
may b i i comnupdiatian svhepisefdn parallalibe fyjdefaem AdiBd0d0 { o
ph&@ﬁoﬂa@&of tdrdiBers can be harbéstVAESH o8l g@i’tg@&'inec{eﬁ%o a common

[ nves}dggn_ provj des photobi oreactor no
Rige pagiBld sysicen gieembhietipe eteof.oraia sime dthersneans of

' ﬂuﬂ&bﬁﬁﬁmﬁé&tﬁ)fi Betwd¥s e ﬂ&vxd@ﬁ?ﬁﬂt&h&l@gﬂ&% alieLs of 5

t he_phot obi oreactors are in comuni catlon. In
-t hi $PRFHOY YA PhotoRioreactary it modwe smayhase Ewerme of different light

path0 ﬁI‘tﬁ:l inedndiof ko lpPO\dﬂésﬁﬁﬁ)tcfﬂldib&t&Q:m% %@fh!pﬁ@in@ttwb e more
ying cul ture nmedium et

) t
Ph"é‘gll’& é“‘t ‘H%‘?‘ﬁﬁ%‘?g&g‘? H‘?’g‘g‘g% (Thé o Fiore PhefobiRteanto moéules ina

clus!tét&;tamyo h@zelthb gdmd 6k cﬁﬂ%ﬁﬂh@:ﬁ h@g. 758bstialls an example of a

a8 a | e fl, UI fro chall ual g ot obi or eact or

parficy AHF?»%? ehipte i rféirle 1dug! feRsteR R W Yioy inpihetlength of the light

pattc dn thés tad, Haﬁv@nﬁ@?i@@al}ﬁsﬂb@ki}éﬁ%&ﬂ Agé Bradé i RY fﬁ@l‘}f &R Shdividual
'S on reo Vi a sonme ot her ]

rea o e b O o e A P A e Fil i ghows an

means o
exaplpbzt afindivigagltphictabloraitere b&t. stepii SotBat QlgalBlilGire can flow down by

t
O 8B b BiorCecfbn T S o Rt of iegoneiptrb Al
mbmrmm,emm thém&ﬂ, er slustenthdrbst caf alsv®e @6t ﬁﬂk{t@h& same level,
WO Or

e the. inventi
Flg %hig%%g%w | or eac ﬁi‘a&ﬁfbw acﬁorés t?‘ﬁ S3Be %&7 al so
h aﬁphﬁgblgmoo‘l‘urﬂi”flé 83 dastribddgfor thediritaispdck GEHHE ifvention; ie: a

L AR L T p—

ust er
lengthy and emgbmh@far omrﬁ:anght: ipsitape, aod u’slhillsr lmeaeme or multx le inlets at

I pl ace
one BALUERL L0888 e HARATSRNS iRk e Poifi el rscor.
See iguge 23 Serzrai cvgmphafidepige to ecaneh@ra differeticlight phath.in 43
phoShR¥S,cRR exanpl e of i nd| vi dual . phot obi oreactors set
ste wise so that al culture can flow down by 20
£ { phetpliencadior m@g ulgh eerobiises endtie phatobiogeactor units arranged in
paraﬂélomh‘i’ﬁae@%t&r uriifs a&@ﬁ'ﬁ 2 [l EEOA%? t1on all the nlets of all individual

phot obi or eact or s, er eot,
reacion Bpithiece one calr%%evi@casmﬁaus oﬂmc@amts ﬁvehn o@cglte Birection.

If redcforan@@ 9 MAKESeAfnd %ﬂﬁ%h Ahak ﬂﬁ&l—:tg %@?ﬁt?é’ts 2y 8ELither at the

at the sane Ievel A obi or eact or

sameprdp ap OEROsHte Aiesiont fn %Pr%@p‘é’cftmwdlmm jlgal@ntls ofthe s@ne

* physiolsgig loe nilkehiaRites ﬁ%@ﬁaﬁﬁtmrlea vifkih Q?c‘é@to} BRagRMe or

dlfferent | engt hs of |ight p%h along Its
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25l ength, and can be l|inear or serpentine in shape,
and usually it has one or multiple inlets at one end
of the reactor, and one or nultiple outlets |ocated
V%52&95m89p05|te side of the reactor. See'FigybﬁUékoﬂmiﬁl
or an exanple of design to achleve a different F
path in a photobi oreactor. The "phot obi oreact or
nodul e" conprises nultiple photobioreactor units
arranged in 30 parallel. Wien the reactor units are
in a 1‘plma;ﬂ:ﬁoreamﬁn cgmﬂtﬁl’ bﬁkﬁpnﬁlﬂmﬁlﬁﬁlc irédcRir Sndfuled! Individual modules

i G E S Y 26 Soih, bt apnroiows fom

real::ifor negiates havinj e lafgestl r@a@oﬁwpﬁmlaﬁ%ﬁ RizhQ Hh@fehPRad growth
he |nI et be either at the sane

meg: react é ang Oﬁkijxéqdestl toreact i th
61 1 ZACtaRedwleLotse 1ght path torepgtar wpdplgs of the narrowest light
patkrhé duirient depldigibrooa nsdiudn. e oA HER ¥BinBlvAstaf Aacf modules is

intained within a reactor

ri,ent .status
e ’f%ﬁ’ﬁ?uf’?ﬂni%’g P M GBSO TR SO detion of specificaproducts.

epdaﬁtpd)eb iaQemAdtoRisted |cb|§1bﬂ§mg mr heR§FmShies BF ﬁxg’eQ?g%E Phth will be

I.ndi vi |l es have t he same
Pregﬁn"fefﬂéfe ’éﬁff’d}‘%f?at%uﬁ%'?lgi* Kelup PB!F&O &glfﬁtemppé#@gaﬂbﬁgn poyunsaturated
fattg abids fionf bawsn Ey-00bdctailmd rﬁﬁ@ﬂjalgt%S Iiﬁ?%h@&tt,ttP &da;ﬁﬁﬁ@ Phoduction
est nutrien oa

£ 8 li h and/ or. .,hi gh :
Ao Bl R e D Pl RoifD i aciar chu RTBfa i prmprises muliplo
reaqzat fmotioles Eﬂﬁtg@ﬁ stglcitihiae olltird @oRa Hop\RBbtol ndlbles oPBEdR light
et ed vvth medi um- The connecti on

pat@sfto re%fg |I8‘Efg"}1 E (o) il Ip§§m1 s flexible, depending
on Is:pmmbmctaspbga&e PRECtaaY bAoA ahoRibRetidrPandfunit,

con@ﬂﬁ {1 C products. For -exanple, a reactor cluster
n’p 'sing reactor units/nodules of large light path

Wi |(&) be peafiznsredagtod lfq:rﬂmmiﬁg fla, aﬁmpmn@mgﬁsm |ﬂfi§c and second
sid AR o o st R B et A chegtabgs dofime e interior, o

top gpmm@smd a buzttqmmpﬂsmﬂ@ uﬂgeﬂﬂm at least oot oflﬁldtfili-ﬁ land kdoHd sidewalls is
S ctor .cluster
e AR R iRt B fond Sedes sursminab n
ar r(ah ge ch topchp tHanfitstaver the Itcblmlﬁeniﬂgo:yf&hé PRl b&BE hed
no es ht h 0 reactor dul f
n a??jomer O%'SL ﬁ%&ﬁm { %tg UhaBhe g?tgoné Ogeé’&%‘aftgoﬁgte? g"‘%’h e
pr @neer bpﬂl\ﬁ{f ithd top cpp and dhe dottophab dinilet eanpise diRe more channels,

to pitRide AGRARRABgI JOLMA SORNALOSL AdBR GG TOT

conprisi n OppOoSi
s | P@bmehcapﬁ@stﬂ mgyitfof tlsis senedd ss;teofmt‘thaﬂm&hticﬁn. is a single unit

that YAEbEbShnkel ’ {ELLRL
B o e L T S P———

as d?sﬁﬁb?q g@?wam sslé'eewaomdgem Istale inp of ﬂaﬂ’;ﬂqﬁ&tyﬁe’ﬁem@ﬂd a commercml_
leveMBRYE 1R Filt8Ish lg;rggtn gpd sidewal ts are

substant; al | top cap that fits over the
E)n ) B@ﬁn—ﬁ@l qﬂlchh}@elﬁ dltis besgmpd aspedt, B8 @hilkashe bage cap, and the
top 6ai3 ate pladikc, Hﬁm% Bﬁ)bm&fcmp
one olé bot h of tﬂﬁe top cap ran 'HnEEQS gmfi% Gﬁngglgasqcuerxt?ﬂ%ipn
technaltuph ivdero e Phastifrisrras rglraw thypwahi aidie id ereate long objects
with @IDRAGHRRed o2 HOARS'sBLfonk A BE kR RAHPLBANE by Wlding a pin or
mandrel in the die. Extrusion may be continuous to produce indefinitely long materias, or
semi-continuous, to repeétadly produce multiple shorter pieces.
The advantage of plastic extrusion te-chnology 1s to enable mass production of

standard reactor umts at considerably reduced price. The standard sizes of reactor units will
17
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The phot obi oreactor panel unit of this second aspect

of the invention is a single unit that can be

connected together via the channels to forma

mul.ti-unit phot obi oreactor nodule, 25 as descrjbed -
%ﬁ?%“/ AL sgch it provides for scale up of py?zmnmmmu
pl at -type deS|gn to a comercial |evel, and thus
fulfills a great need in the art. In a

preferred enbodi nent. of this second aspect, the

alsBQRABIE BRple, [ MEDASEN R of ?éﬁqfotr rﬂlﬁﬂ.& ﬂ'ﬁ’o &%Hlél%g ﬁr zg-ﬂadrgt’f'hu‘s metho

g‘»gt he phot obi oreactor panel unit
wigl jalseincreass tthe kaight of thetipastary yotemmlbetotlleeo B asttérs in leight, thereby

redUieSiB R AREH& oﬂéﬁm uhi¥ M@eﬁh&n% 9&{11;%{ @F?lg Anke costs.

objects 30 with a fixed cross-sect
sectl® A&t end serond sidawalls ¢lohis sxcamdiaspecyf the imientiorn aﬂdl nanous

em®bdifRAR B rebf alem Fﬂuqo st BbRLiBEa fPe ?L?St gis(.)prétcjc SR Rivbion.

produce indefinitely long naterras,
sent e Bwpreamids gverttbe toppeeniag Pi]ﬂpm@dtldzedmd priepéra airborne-

dus‘ﬁ)ﬂ'i@r@lﬁza%x%ﬁﬁ%ns o %?éfﬁl@ttﬁg&ﬂﬂﬁe H Katsd é\{aﬁﬁxggfn& release air

technology is to ena mass prod on 0

and eXCEISERYERR g@eaﬁtefb@r@aga@fﬁbp@otpwum sodito eonrkheindividual panels

on&hrdaakde Hyaffe. Phr HGAPIOhe )
e?&’PCTl O R a D s by 3 ol in 2.5 g5taally comprises

7/ 098]
m“ém diyddual#n ¢egs isfingdda one FnQIh¢1't Patmbase nod tdre&apm are designed such
tha&lh&ﬁb’ﬁ) beﬂ%héﬂﬁ@&rﬁ@&eﬂ\fdr ad@édslgléé‘tﬂ% ggﬁl%dt ’hﬁlshﬁ ARl

the. reactors potentlalyto neters’
SUSRRESYIE o 1n9eridey) Hlat-gansbwity capenin @n%élr)Wdfom enc p:mel tericoher (Fig.

5). ane Bohos |
) RIS uttr BRMHokER i | S secoﬁ%ﬁgépé% dg integrity to

tl]flrﬂ) ?ﬂ" ond si dewal | s of
<P ﬂ@% %‘3 ing, fd, and thussths cepability Sesrree asvaradgdl phatobioreactor,
Si r‘l‘r‘,ﬂladidxhﬁnisfb@% t@?_%&ﬁ hiBfle bOrtdRagd hfe%ﬁmﬁ%ﬁg ‘Eﬁosg fedchtBed above

nvent i on he top-cap fits over t
&ﬂ?ﬁﬁ‘eﬁpmﬁ?fﬁaﬁ‘éf‘% body to prevent
ai rekin e&ﬂ@ﬁ&éﬁﬂc@ 1088 babotR 08 2118 Bag ARITHLEBL &I Q&b flxlil%er comprise

cul tur r evaporatlon rel ease air

one ot o peaife i ORpstign tar seperasmiohcsebintheiof sapel unit

 to abowl cthur@.&ﬁi}&ﬁﬁmh Iﬁﬁiﬂ&w% oﬁﬁﬂiv%ﬁpﬁarﬁp@ﬁ%{hels e ppéﬁ‘erred

r exa the top cap shown in Fig 5
emb%d% A ‘5 Q&Chf’é‘lq]ﬁﬂr Pfﬂsént ipdsfPaGa: top caps
j oilm aqbretferredlanbditﬁhhﬁf of tﬁ@h&boﬁﬁ%@pe’éﬂ hd PRrOARSALS on or more

b i%‘d‘ uch t Q@et tF ere dily connected
aﬂggge%n %g ﬁwegg e@ﬁs %%:l 4 sodfptithe @terior compnses a
plurlitg 06 lnsmpmemts J WHé diseiued be‘t%aélr lﬂﬂ’ﬂ@d ca!dfb'et\én&ﬁ@ bﬂeﬁ on a user’s
o, ong n 0 a
Ry T G P
for they fxst a&mcmﬁﬂw d'erentmnegr ity to the panel body for
ho nd t%ﬁ}’ %@',#g}: to serve as an

ol e e S Tebhal s IR P S b coRrato cempion system,
as dlacrluseﬁhboqurahn ﬁapa@eﬁ ofithd ihddntion. Th ﬁﬁfbfmmmﬂﬁncnt the
aeraﬂpéﬁtem comprises air-bubble tubing inserted along the bottom of the base « cap to
provide aeration to affect culture mixing and provide carbon dioxide supply. Aeration
systems and embodiments thereof are as described above for the first aspect of the invention.

In another preferred embodimenit, one or both of the top cap and bottom cap further
comprise an inlet port in fluid communication with the interior, for introducing fluid,
inchuding but not limited to culture medium, al gal suspensions, and nutrient solutions, into

the interior of the photobloreactor panel unit. In a preferred embodiment, the inlet port is
13
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for the container bottomand top. In this second
aspect, one or both of the top cap and the bottom cap
further conprise one or nore channels, to provide

ection to a separate photobloreact
‘&bgwﬂmgﬂqp to allow culture suspension to fI%ETﬁggﬁ%MMﬁl
one individual panel to another. In a preferred 20
enbodi ment, the one or nore channels are present in
the top cap. In a preferred enmbodi nent of this second

locatddds the th @a;i Nie Qi1 B uBQERobS Bt Q)ﬂféré)ﬁmgf{gﬁ t\y\gﬁ)tlugrea%tgr panel units

£ xt endi bet ween the first and secon
ol EHStece a%pﬁi’té’lt? erneeiifr thataplyons ftlllph Iﬂ]lttwootfxs reqmred and thus not all
indiGiaR4A uh T Récd- to Ebﬁpﬁk§§lﬁﬁ%q30ple % 8? 1 8?&13 mdwadual units

vari abl e bm%g on_a user sp eC| |c ne
may compgise g infet pprtcinlel perts ﬁ%ﬂﬁ%@@@ntménmﬂs ﬁlleeoﬂsre as described

“ab&l@SBF 1he EestABREoPBE PivdnhiEn f i rst aspect of the

|nv?nt|on I'n._anot her preferred enbodi nent, the base
cap® #otis Pref@ﬁ?ﬁ ¢rabadimantefithis senend pspestnonasr both of the top cap
andlb&fn0 VRl tah_%aitloﬁéb &

| nveét ?%ﬁuﬁ?n a 653 eS? erred enbodi %&tm %Lh({e&gfgm‘fmaum with the

interior lonTemaning Quid tegrp mﬁmra@wwsw@ngnm cdtirabwpepsidis for
harb@iting k04 pfah’ardaaei@bmaeﬁt%e Q& GRrAE [ R t?f ESC Y will be

é?”tqu g} @@d prOV|de carbon di oxi de sup
57 whe bioRETABAEI ity ef thi§ seaom'i aspect are
corﬂeaed,lthtﬁdnahﬁié%uf:@ [nlét'}:%rtf ik Fuird® RAE th QF;"_EI? dudw;dltlal units need to

I nvention. I n another_ preferre
compRIse Speh bt JHopRger Y ¥l ofiker mdividnal waits may tdreprise an inlet
Port: @mm mmamd|pféfeﬁemahbomﬁleh{stﬂﬂe&%me@,gq%;%bw fz), the first
as ec P’B eriar for introducing fluid, 1nc
PH APYREORo cul ture nedium al ga] suspensions, and

n utInIaet’ntth&@mHoldﬁﬁalt Of 9 fik 4 ﬁs;ithL 8f le&dt ofif of \lj]l@ top cap and bottom
anel unit. I'n a.preferred

hot obi or eact
Cap SWD S AT PRRtSe ﬁ%asp Aiefragage owtlet. 1@1 a gyeferred embodiment, a drainage
ouﬂan@ wea&aiﬁﬂm;ﬁltﬂdﬁa &) LRAASRporRGAd prhrdded éi&&d%ﬁexﬁéﬁxemfare as

rst ood wher e nultlp e
deSérL ?Ao%‘%’ ‘85@?%6 PSiASRet oﬁﬂfetlg"wof‘hl s second aspect are
co ﬂﬂEfbMva leaibodithent ORI H ﬂﬁéithk—:fllnﬁioﬂp Qf the i st'a88 Yedof aspects of
|ts need to conprise

not al.l indiyidual
the gr;;g,ﬁ} 4 port %ﬁé E X‘gﬁw’ e diftpncsrbepwrenithaifit andhsecond
sidemmalls sarfenpt dnﬁfemnt k&:aﬁﬁns inlted plﬁﬁcﬁﬁlorehdtbzetA@&E&Esﬂﬁove, the
descri bed above

dis c@ﬁ)%g 1He'} ?ﬁ%ég .?.R?;é?.eﬂ §1§tﬁ alls constitutes the light path of

s aspec
the phetethereaqiere fTe thie dmbnﬂmmhnlmm pmﬁoul&remale&aam}&va&ﬁ 8&dal length of
h@MEy top ca tfomc urt her '
el Al npg?«frslgﬁgygr l?% iﬁ?ﬁn(smoer v hgg?tg a*qx?g]d:ﬁlqj Qyizontal axis, i.e., having a
longdightpath ebeteomdnendhgiatieally reduclng the length of light path while moving

- towards the opposite end of the photobioreactor. An example of a photobioreactor with

different distances between the first and second side walls (ie: different hght paths) is shown
in Fig. 6. ' ' .

Such variable light paths can be used, for exémple, with specific algal strains to be
cultured and/or specific desirable end-product/s (e.g., high-value carotenoids, total lipids,
and proteins) to be produced at different locations within the photobioreactor, as dlscussed
above and as is known in the art (Hu et al., Biotechnology and Bioengineering 51: 51-60
(1996); Hu et al., European Journal of Phycology 33: 165-171 (1998). In one non-limiting

example, a photobioreactor has a light path of 100 mm at one end and a light path of 20 cm
| 19
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-interior, for removing fluid fromthe container

i ncludi ng al gal culture suspensions for harvesting.

In a preferred enbodi mnent, the outlet port is |ocated

LA A op cap. It wll be 10 understood tha M% <
‘h‘glzﬁ ?Sté 0Bhotobl oreactor panel units of thi SEEEC %03%004331
aspect are connected, that only one such inlet port

is required, and thus not all individual units need

to conprise such a port. However, any or all of the

at thE g{h\éi' gitflan B#pte%f raB a6 S4h B UngiloRR ks w@‘ﬁé Sparent to

ports and preferre odi nent s t hereof” are

' thog@gﬁﬂﬁx%edﬂxalaﬁx)@smn lilh teaflings beseivect of the

i nveps hﬂ-ﬁrer %xﬁi;&lﬂleﬁ%ﬁ?@ﬁﬁg @%@bﬁﬂa&be&f thk g»hétofﬁoﬁ-gﬁctor further

aspect ast one cap and ttom ca
cofipiise @rtemmfmeS@napl $5§@m Pé}yemaaldf: Fraeperague control ayswn can be
t.
o 0 ) R 8 SRS L] ko LG i 9,
Waersd @i qmﬁméemh@ﬂ@cﬁ fr@melearsﬂla éapcef d@éélda lo ke restor ¢ra flow down
agzIéferbo ie A30f8Ss pcfet(lﬂae tﬁéﬁiﬁﬁaé £Re of. &fe 31@0&19 tﬂ? mdewallsg do maintain a

nents ap elt or bot

desitablerintemap tepiporatre devel fus aigmmtbnr snenlﬁt@welhﬂlm mwigtabolism. In some
emggﬁ%hﬁe%lz tth dé%aﬁltﬁélﬁg HRELWESBdile Hor e§£m?i@,dm§ie&'%&'e water
ewa ari e he

s at difTferent |locations In

pipgherrdst Rineed et of neapshedrottensefsyn-dpneside pbthareactorcd series of water-
sprgfg iﬂg berkaNSa eRsf aQElettb %éc Whist %135' q‘rcﬁﬁ QARG tempered water can

constiltutes ht pat

be pr@nglmr@cp @-@@p@-lfacnpg]mp'f@pg o’émégﬁcp@ngn a pyegerred embodiment, the
phcﬁ@ﬁt)fégbtgf GARYRS tﬁﬁrbf I?&Yﬁerﬂﬁre%ﬂﬁbl dyeRat Hodh f@l‘tﬁéi‘ %Bmpnse a water

or narrow I'ight paths,. or vary in_|ight pat
tra>a qefethe RseAsROE FoRIRInET battogn, to pellachie gooling war@r In a further

prekér%tenﬂﬂdmﬁ{t 8 @xt@ﬂﬂl tcﬁﬂ)@raﬁ[r@ dukdl Béyﬁgig lé@hl?ﬁsésrheplpc that

| ength of Iight path while noving towards
coliggis FeaterdTom @ TeTryai e ueishiat BREFHERIYEERHE Mt the Teservoir,
whRhORERE RAKTPuich b Efif i8R Lasdl 6 MRERSRINMBERady¥Br water
first and second side walls (ie: different |ight
recydiigs) is shown in Fig. 6. Such variable |ight paths

CanAﬁ%]tH&ﬁﬂve {eﬁfpeﬁx@apbﬁml\bystan%eﬁ@hﬁésqn@hﬁa{enﬁ;e&ﬁm@&omm in
be 30 cul } red and/ ar, specific EI rab

Wh’e?ﬁdulmlwﬁfimé’ eyl tubie{pinge,mgtal mafesialsip |ga%eralt*@efa pigher heat

mﬂsfﬁle?ﬁcze@?dhﬁ ;ﬂhﬁidt&)gldﬁg)t, B%f&ﬁ‘ﬂs:‘ u@ﬁﬂn@moﬂ% ﬁfe%&ﬁhdof the
| ocati ons . wi | otoni o as cusse
prhatphigreacippthronghw ﬁ‘b REFROERE “’%ﬁi“‘e‘% piates s %‘F’“?ated to maintain the

culﬁir@feaqi&mdnegyaaeuiraaeqmmgam ng 51: 51-60 (1996); Hu

9@83 ﬁE(F‘ r}h%]%gt: ﬁﬁ] ?r?l %OFEY i m %Oﬁlgpnsz% a temperature

comhué@ Mmpﬁmﬂ afr soakea The giiltura aﬁdpemﬁoﬂﬁ &efmdahtmm;eme-

con%g# g@mgﬁg{jggg%if Wf?g&e t EBH]@E]ESJ{LH‘S rcorgmi gleg?ﬁ;nt is embedded

intd mp @irabnb®r tevhen umooabmmpreem ahemmcﬁmg @lengst arl be a

rei T s P oSSty of Bl LR gl loment
cantbee domrmrcxatly aegitibit @edsttor at umdt thitato biibrewadoheat generated from
ovrrer her, conprises a tenperature control system Any
N ST v Sten‘per ature control system can be 5 used.
Owelnebaanm Artpenppbaticknts of tHedirafyptliseainidospats exbe nvahtion, the
9 ,
o ABSLL O et Syt SR P o 5L i oo
levq'lealod 6}z 2pd £ w@mmow & mstcarnhle exPeiterils sysicfrac be acquired

[ enf.a oth of the

ﬁm{l FFS?g?%h%ﬁlll%t ggpo%h?ig?raobﬁe i nt ernal
tenperature | evel for algal g?oowth or specific
cellular netabolism In some enbodi ments, only the
sidewal | facing the sun is cool ed. For exanple, one

- or nore water 10 pipes can be placed at or near the
bottom of sun-facing side of the reactor. A series of
wat er - spray heads can be fixed at a certain angle to




10

15

20

30

15 preferred enbodi nent, the external tenperature
control system conprises a pipe that collects water
froma reservoir; the water tray subsequently returns

‘%,Q 2@3‘{1‘[ to the reservoir, where the water PCT 52007]004351
ure can be either |ncreased or decreaSe

necessary for water recycling. An alternative

tenperature control system conprises interna
tenperature control, -in 20 which tubing, preferably

t .h .
P T R e —
cogfirel sy§tempmd megthddojogi fma pg:fa{tedregaﬁokienm,tat ammitert ba8ed monitoring
syBARIORIQEKBE LA Al UL RIRERHA e LS 28,88 and regutate

wat er 1. Clrcu natAtal n
culterapll, enypezatate, BJQMBO& al@lvels,l @yaid CFi gmc&tﬁjanohm /& an integrated

oo SO} TR 204 8B e

selsmd p@mﬁih@a@w umtsemsatmp@n@ fayontlmeamomtoeidg wi bigal cell density, which

Iﬁgga I d I n this
Eﬁ%ﬂ%e%t&i%{}ﬂﬁ&él%?&%@% % Ig ement i s enbedded
i nt & & hother r:mbomtmnn ef the (ﬁrsxvandmmond amem@nﬁﬂreane@ﬂﬁon the

. ph@tbﬁmre-gl?ﬁr M&Q *l?éged%ea% a?ec?n{cﬁ;wrltl f%ﬁ? ﬁ%ofé{)d?rehctor A

an evapor ative co un| qul va
dlrweelh@atshngbeéwmarmmgb @n@pmimmﬂm labbgermdatﬂe&bgler the amount

o BBUEly s £ A 00 B g s, e
hlﬁletr thp emc@n‘bﬂm mtmgedoh themllﬁlrer s'lfheatmbt@etdbmmleasmets tasignificant

eﬁQJt ohtﬂﬁe ? gﬁlauBﬂ‘ ﬁgtaﬁ&){h% %ﬁ%e rgﬁﬁi{h‘\rﬂ? lalrases due to its

conpri s s Syst ens an Sors or c
effeyion Kigsamous of B@eetadlatlan dnngmﬁwnwswfme eﬁtheaeaocms

For pEXABRLE sealofl M rétﬂﬂ: &%E%%?éﬂds&%tﬁé st of

Aquati c Eco- System 1nc.

SOI%’G@@P@@B&@BMF@JQ@GGW@@M@MM Generallysigr apfoguhiesdicing, one-sided
phdi@iibleRbios Y& §FmAN SEASHF Shat ?g%fhﬁgﬁcf o y},r;? ?olfé%h&gxs a tilt

an automatic control syst em an

angly ymsprimgtalybowm! e arosriphicdapiude Tyt ofmirotabidreagtor orientation
becoMiel §lord § 18t B hbhe E&Ea}ﬂﬂ@faﬁ de'sGRE av@ﬁgc%ﬁry of sunlight

nodul es thereof; to rmnltor and r e ate cul tur

is morp hanied fhan it cigeeotsthe cguaiors Small tilfapelespf 10° to 30° in summer and
lar%@ BEAE hdhé i/ S 0P i AhAGT r@iﬁﬁnﬁn&&ﬁﬁ%@@ﬂd@fﬁeﬁ Lf(%%ese_

arvesting system optical-density sensors can a
seagsfigelted into sel ected photobioreactor units in a

rTDdN'b@néﬂirin Qfiehthify BRNKBE kddBio?d atajaﬂaﬁs &1%'145 8 825uh Yoth daily and
nturn wll be use to control al gal
g YR fiogfean thy maximal gotguiabassesiged Mtk the biplagicel

'l conbérbioh olB6lab 8EREY S10BeRE te @ErebtYT tha ¥ &fteh&Pof dpi@nizing the tilt angle

25

%Sfbl oreac or_further .copprises.a neans to effect

??&PF‘o?fO ctivifly Bt B3t Braneat aliustmentfogjthe opfimal reactor angle

throlixgh@.tt Iﬂﬁm:ﬁéhlr il @d30Bah tisetli MesCOREAY ardingl bR th VA Mtehﬁal benefit
abserv t he I;):l}g  the anount of solar en gt

m ofigiy ?’%de‘al DI ar o EROPS PP gl inmon a

seasanaldragisimgp to04(8¢ aalhdhceibt ik hghet biohﬁss@j’n@ﬁll&hlb\élabuievable From: a

oo P e o 8 St SREASld b S e vt

prodiatlm‘ty )7I'Iﬂmﬂk Iial’tlmﬂzﬁly triefop pﬂﬂtiﬂidﬂ/sﬂesl IcRhtet at lngﬁﬁﬂﬁtitudes
olar radiatio

t t t th
, np, ﬁ’g, Ie anss on %C %E?%E’gu% }E‘tﬁs pﬁ%tgglp{ﬁactor can be use{iJ such as those

disclosed in Hu et al. Journal of Fermentation and Biotechnology 85: 230-236 (1998). In

another embodiment, the photobioreactors of the invention can be placed on a berm, such as
=21
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15For a given seasonal tenperature, bionmass

productivity depends on the anount of solar radiation

admtted to the photobi oreactor. Generally, for an

vgg#&nﬁ 81{ acing, one-sided photobioreactor, tp@rmszaowomsm
%1t angl e for maxinal year-round energ

collection is atilt angle approxi mately equal to

geographic latitude. The effect of photobioreactor

or| ent ation becomes nore significant the higher . the

36 g@@x&fk&mmﬁ {21526 8nd BEePUArb ARk il bpRipriate inglination of

IS nNore imted . | 0se

the @h@ﬁbl@feactsrmﬁlmmu tp ttheawgl é%ﬂfe? el%nboctl@esf@@q siflesyptirfasing e berm
dock AbORHe @cngé @ﬁlsb{ﬁ'ehb O \thiS 'eﬂibhblm%t Gk hetn¥nl s% o 5ESY bd insulate and

I n maxi mal pro uctivities for ese seasons
help @) maintain suitaple|saitare tﬁmpﬁ*awwnﬁlaﬁ phefobiprgagtps. ¢ ng

reags 9 e % 25 DS DR 18RS, IHRGHHEHDId Q&c'?orgé.lh&ﬂilﬁé‘?lacédma

t hrougho e year I's to reap the maxinmal poten
souﬁs@emg@némtamn 9 TepRivingKisgire aqﬂa!znad@aﬁvéﬁ@wwr@r sotain
geo%&?ﬁﬂaﬁtﬁéﬂ%loﬂgistlﬁel? flefifdal &lsthb&- ffa&ﬁg Bﬁ%ﬁm?éactors can receive

IﬁlZIng the tilt ang e on over al annua
momsotm dnpuly ertrmnthsribeqamthaa}%@m}f@mm@th-facmg

rea&@xts' %’ten&a%i@%@ bf @'B@qﬁaﬁcﬁf éﬂéﬂé@ We dpiEnal %@ﬁﬁé’ﬁr&ﬁenr &5 dkors to be

ghest over al annual pro UCtIVIt

ldexpié'ieérfm Hly gseg@phic I@tﬁu% ipemRisingihe elative henfsﬁig of cast-west

oriddRiA Rl B¢ saskaf s at various appropriate angles to the -
sun on a seasonal basis: up to 40% enhancenent in

annigsertap srmbedingangy, theophetahiorsadivrs gab be usedriphindoarplgal cultures.
In ﬂ% %5§e| &rditic] ARERRAL YN cal Gk PedVidl, kitPorld pdrti@ilaH Bulddo Bight is

ear woul d significant]y enhance overall
ﬂu%?sggg;@ttqﬂgﬁs @g ‘the; cgﬂ)pg SEGE gFWe{l infeor gpd outdoor reactors of this

desizh Qslite kb@be of i@, TRCREGIrsahelicRe Cah eé idevidles. Any
means for effecting inclination of th

phdPdrpdhe setbgfioast, e Phetepioresgion °5§“"tfﬁ6t§é‘d4ﬂﬁ‘ seqopd @gpect of the

mvéﬂi‘ioh"éa@be ﬂéedlﬂebkhﬁﬁllan&{ witBaARpERD dnﬁiﬂsy@iéﬁh ig. 15). While the open
qt.echnol - 236 19(% i)él {gﬂ o
POHSNB J §FHve A i “ﬁﬁ%? ifop RS hQJE gé’Pni‘ g3l gHaptgtion to the

~ field En\ﬂfo%ﬁﬁﬂt, @nd 8) e nutieehredfovaMRd blomass producuon stages, the closed

07/ 09815 PCTl US2007100435
phofhorkaciars af e eAYERROR ATL G IR S 8 HROVY ¥ AH B 48 the open raceway;

- i) pafigh Gpsiewiter tolohiphaély @pmote hilteeth Goaihe maﬁtwafer iii) enhance

| ati t I n,.t.hi nb
i s s S e A S T R b
higli-hilae pig’ﬁmdtsnﬁplﬁs/oﬂmotmimnﬁ:yyab&mﬂes)ye to i nsul ate
nperat ur e

h t
E h BRIt bk kb AR: bt of eSO, B e as
conipkite indtddyal tdaetophat mbﬂtdemcteof m ashamﬁfdctban@kmd shippad to a
is
roack 8 plicaRih B B s SRR ol Bl K DRI M il s seperate
part§ suihh apglicaoasite) for vmembébadmdsaxtdtmsd;r cfaadmem@de on-site near or
mﬁ@g{&@&@&g@gﬁ&&ﬁ GRO T ecei ve nore sol ar input during
sunmer nonths than even the nost optimally tilted
soUfitis.fineithigd aspactt thf:SJre%y%m@mcm@rmécmetqus oy owkingthe
f
e R e DR TR LSO 0T Qhid 45l Bt e
photoliereaston of the ﬂgetn@fswyld@p@a@f ﬂWE!SYEDGPF @maﬂnermom@on@t parts.
Sucﬁ‘éérﬁﬁ t pdri Wi Bt gﬁaﬁﬂ%%&?@%%kﬂlt Fhe art, based on the discussion

joreactors cah be used for indoor al
abomf{tbq ﬁg;t and second aspects of the invention.
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In this case, artificial illumnation can be
provi ded, and one particular source of light is
fluorescence tubes (Fig. 14) The only difference

indoor and outdoor reactors of thls bBa3s1
‘PQE@ﬁg&%éﬂrce of light The reactors thenselves can'%%
i denti cal . In a further enbodi nent, the

phot obi oreactor of the first and/or second aspect of
the invention can be used in conbination with an open

pongh sHst @&Ib&a‘fhz@nt £ mett¥i bEinbdi@s SREALRANS pMitbbioRBENSE by
mul ti-functions a) as a waste hol ding pond;

b
assprpblingd copiyjaer adapipd forholding flpidawith gipgok ﬁm%wﬁwn;the container
cor@ptéhes) initial nutrient removal and biomass
productlon stages, the closed 20 photobi oreactors of

t he(@ nv epriiosing dist ad sepoad sidswalls, syhstainat lsasé ane.of the fest and .
secaﬂélh&wggqgﬁ&%@%v; ii) polish wastewater to
E&hetely renove nutrients fromthe wastewater; iii)
ce oRnoTasdirgand seqond srdwalls;i v) i nduce cel | ul ar
qﬁyulagbgmhﬁg&gyﬁgh{agae products (such as
hlg val ue pignments, lipids/oil, proteins, or
pol acc%ﬁﬁﬁﬂ@@ﬁmv$he photobloreactor of the first or.

SeCRRsteRSAE Gist @hd §dBnd RUERIIQBNGMe b? & oPSepémite sections, and
conpl ete individual reactors or nopdu es thereof in a

- whergi the sapaFather cuprsera MY Hicp e nictigna@dct or

apPlvh&ain tA sy b& sfrafs ardSds@h bIRH O LormBét m@@mﬂt,oaf sepite sections
be made and i g*as separate parts to the
of the,Brst and sesan ?19%“"?1 assenbly and operation, or can

be Memgwp&&ma&nmuﬁ&ﬁthbmsffﬁsf&aﬁaﬁﬁm, the photobioreactor

Ilcatlon site. Thus, i.n_a third aspect,
ﬁﬂﬁ? SOBIRISPT RSt OF 1916 PP R FIHid pppny ioﬁg\ﬂﬁhﬁﬁe gantaingy; at least

oneEORIrDMEREd 06:Bmhicklién (ith Sbnt@ines @6 aB@tias BRtm of flkile

i nventjon,. conpri sj senbl i ng t he phot obi or eact or
comgpuRigaiion; yith 8‘6P°%%E’6%&“§§5‘€EP”6‘F“H?€“P &7 omnpgiehio the

confali®ir ko ﬁ@&ﬁt teﬁ@e%mﬁ SF lﬂhldaemﬁﬁ e donidick S gne iﬂeﬂia,as can farther
t hose.,.0 SKI,, I,.N e art se
°°ﬂi¥f§ @P%ﬂ begRo et fherie O}W%Cé%ﬁﬂ %boa?mme first

andtsbr&mldrmﬂmﬂhﬁéhts of the WRerBG 1098150PCT1 USZOO?/ 004351
In a first enbodi ment, the nmethod conprises
assenbl i ng a phot obi oreactor by-assenbling a
cordhai r&urthdapt-ﬂd the rpréveht |un@nﬁb1tu [ piowdésh nidppier for algae growth,

h
Gl S P bt el SR LD S Srotahirnpropt e it or

secdndasspedn @f ake frhenfion,sin thaprésesecohoutipticwaldes and light, preferably
LN first g

sunl Sé‘fg.oﬁ\g eag%\algl (ifor short, algae) aré ?Axfmgﬁaﬁcté Icauire nbos ¥s rﬁ‘lple mineral

mutrigpts for growth and r@pi‘))drg:tmonﬁm utdtznmmbtrtpn energy, such as sunlight and

artificial illumination, algae convert, through photosynthesis, water and carbon dioxide into

high-value organic compounds {e.g., pigments, proteins, fatty acids, and secondary
metabolites). Accompénied by photosynthesis, nitrogen and phosi;horous in wastewater are
also taken up and assimilated in algal cells. Algae exhibit a growth potential an order of
magnitude greater than higher plants because of their extraordinarily efficient light and
nutrient ut%lizaﬁon. ' '

Nutrient sources for such algal growih include, but are not limited to, standard algal
culture media, animal wastewatér, wastewater from concentrated animal feeding operations,

nutrient contaminated groundwater and/or agriculture runoff water can be used as growth .
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wherein the first and second sidewal|ls conprise a

plurality of separate sections, and to wherein the

separate sections are in fluid comunication; and
E&EMQH&*e support struts are assenbled to %8?Rﬁ%@mmmms1
e plurality of separate sections of the first an

second si dewal | s. In exenplary preferred

enbodi ments of this first enbodi nent, the

phot obi oreactor further conprises at |east one |nlet

mdﬂﬂﬂﬁ aftér Hdldticth gwm&taﬁ@&ﬁéﬁﬁcﬂ% tlﬁclﬁmﬁ%wgm& hiffed 8 twppﬁsphate and

st 15 one outlet port in ni cati on

g oy TR SHEYF o SipS e pikert el mbeiasts, dacuding bu
notlirhited feni&884LAd PREsphARJindudt ARG Rl EE, &&Hé%ﬁg s ewa‘t:"er and

conpected to the container so as. to contro

contagymates: grpundsyatar) 45 wellns Wasie eres ewiftedifrmam pOWhegenerators that burn
aigﬁﬂ:h@ﬂ@s eSbudsiitich 8&sieQ PRI R AOSHRLALAGS c%qpx% HEOLS emissions

f the Gptobloreactors as descri bed above in
Oﬂ fP%iﬂ fgkied power elﬁ%fédql%nwtwat@mntamemhngbmonmn-anons of

amindng dnd\PhbSphatd 8fdundWh@r B BgR Biad GOk On provi des
nethogs for algae rowh, particularly .mcroal gae,
Benzsed ahavss ﬂlﬁglsap ergRt phiEeptronotriteHensatbrct Gfe growth and

bxoblﬁ@nfszc%fnp@&ltxﬁﬁ ePRdaSC Fer Sfant éﬁ@ nhﬂ'}éﬁphbl?@ediugrll Blla)g stimulate

SEhCﬁ l(')lf nutri ent sources an , prere
C@‘iﬁ‘ﬁ 1gh growyig 4pig sud Pquli&asg ﬁmd[uctlgbg sxhpregs putrient deplcted medium

mamﬁmmard Bio4yatRSTE ah@ Al 18 dPeshhbatish BPh& LA ﬁﬁﬁé‘ lor%'ﬁcham fatty

utr ents f romﬁh and reproducti on.
acid i e gy STIEROIAS 5 aHICDhEaiNs aivated inci plotabiorsactor of the

first b1l setombdspedis oﬂlhl [veafhY Bk alll)\l% Q H&Qnﬁggé Shidt %I'B?ﬂg%e from a high

: carbon di oxi de into high-val ue orga
b“"“%sﬁ;%ﬁ‘ﬁﬁg"?é‘w&e BPgaieW%mubeepe memﬁcatesnyecbmdwm

s edandaefenee tRaBoinics for uds GOIKB AR BY this fourth aspect of the
nd phosphorous in

o B A B A OSSR L T tons

-+ bermpduch as Angaedex bik 6f Q@] O B HHINEHI Heddd pRIIES th,?gppropnate

reater than higher plants because
incl B DR b e iR 187 1y €11 fon Rg M harvepeng of solar
radighidil, ag disbwsed above.. Nutrient sources for such al gal
growm h include, but are not limted to, standard
al gal culture nedia,. animal wastewater, wastewater

f r dibicionob aspeat ﬁnithmom;lms‘ee acbitiagts mefaaltdsﬁﬁlgsal 5]%%1!; %In culture
riculture runo

r er a d/ o a
suspgﬂﬁsﬁmggﬁal ed %Stg TS ventlon using various approaches

(c.z.200miMgsti®0 IEG'MIM&Z% mﬁfﬁr e btafe ﬁitia@lbnjb ARG ?reparatwe

| udi: t 1imted
e RS ATTLER BeB effFotisbrocr
o@sf mrbesqsq:ckwd:mﬂude mgr-tzaua atghem.a@ts; sudds 184 Bthin
msaaﬂatemgu}l AL Btboleo il (LS ARG BROSPAAL Ry NAUSH LAl e A

wast ewat er, él ones
d;ss@ymﬁma@pn mgthoddbt hagesmgta@ag aeslaﬁtﬁiﬂhfrézﬁd)rfcé@ Also be used.

(HotRANEENGeREAEEA! B! 101 A, %{I‘n%q{ gg, g?rrﬂaj‘g? gg’aé:ag 1602;

after desired products "are
SAMG Q@ deghuolegies Hcoh60 Walond fass] PO 905; T@ﬂuﬁﬁwm 14150) Such

thBH 3 b+
me . Oﬁdg% ntlcrugiﬁlll% %Ss,c\f%% Qﬁ%c%%sa &rgg%%e% ast%%cibeqs waste
nutriggts ARy Onal 1s caupied wiih|adgal biomass pm;ludiutme dsisemtbane idtration can also

be usk@ & u&eegfalggl églgr % e&%}angg PGEIY r at i ons affect
the growt h and bi ochém ca nposi t1‘on of al ga

celtes meghpds of i @urfhu%ﬁpp@nmﬁ thecinvm,tmntm bayised for a variety of |

purpdbs, MUindtding but not limited to production of algae-derived products
24 :
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to and sustai-n a high growmh rate and bi onass
productivity, whereas nutrient depl eted nmedi um nay
stimul ate biosynthesis and cellular accunul ation of
VQS%J’@LS lsd pids, long chain fatty acids, and/ BlT/US2007/004351
secondary carot enoids. A nutrient gradlent creared in

a photobi oreactor of the first or second aspects of

the invention thus allows a continuous shifting of

al gae froma hi gh biomass production node to a high

(piﬁﬁﬁb%\i{l@ﬂi, Qlﬁh@cfﬁ@i%@lbf ég?o&%ﬁlllcfafsd hiheg 'f"&;d ?ﬁ&i g.\éunéafl ]1?%](!? praduction

a preferred enbodi ment” for use in the nme
of Fesgrbirags priing fenviyenmenfglareriedistion. Haclyiimg dnit awe dintitedsto removal

an@f’ecwflﬁlgfdf rvﬁa%te%uﬁ@xﬁ?ﬂ@nﬁﬁ&%t& R84 U2®n ﬁpﬁ:h@er ﬁﬁl’p{lfi‘g ga%es emitted

on a ber such as a nmound or bank of
rediDPBET EEPgsRtES el praducapp o6 pleabbiemass for use as feedstock

and '1’51I fpﬁﬂ'ixbl%h QF BibfuchaheRi A ﬁi%@fe@é'l reﬁ'lag&' V& &%ﬂ{aﬁg) animal feed

sun for nHX|nun1harvest|ng of sol ar radration,
addifi s, Al e oy (ratilizgs. This fourth aspect further

CONPhbsBESF @ﬁtllhggsﬂié% I&%YﬁﬁﬁfapgmﬁLg%ﬁ&ﬁl %&or Sillture methods in

cul.ture suspension maintained in t ot o ors
phajpbipreactptiy enBetn o1 sagplear Gelsom spr h‘ﬁ@ll(eé gnd Environmental

Ml&@ﬁfo[dgfyUg@t 11817¢- 1@'753(31'99&6‘}3 Bl ald RShSl (Phod im%x?zﬂ of Applied

ration [ ndu rlalgﬁ{eparatlve centrlfu e

Ph%ce & : FPhdes c%fﬁ fﬁé‘l u K8} dovmal\af Hermeptgtion end Bistechmology 85:
230-@:95 m\paoal QImtB&b&ch&ﬁoéhﬁﬁﬁBf&ﬁgﬂé&n a4y . 6b5‘%ﬁ1 L%, (1996)
duc h-val ue_al products, such as | o
afiu %&Y%‘g"%t:?y b%%’s.m 3¢ ot Endi-d€1998) APPhed Mwl‘obwlﬂgy and
quaéenﬁabgﬂr 4T 6856615 Hie B A7, 0eh EurcpBsh RAINS %Q@E?«Eélggyﬁ 3? 165-171;

air flota ion nethod for harvestin
_anﬁé‘ﬁ Z”“?‘f’&iw? RrOBEHOB Y TRITORIS GHTRASE PR FI6 PR aprogucrs — major

indizmdinh epRE .@J’thrdsﬁﬁ'a (E03 i plld/tﬁﬁsr.ssmld rzga-zﬁgaﬁl I@@ﬁkﬁ@ﬁd A. (ed.)
1 TX 77303- 16% ; NCO Technol ogi es, Inc
m}@&#&@ TS8R @é e TIRSHRIOLSY R apmhqcsbslyosm Rfaclowell Science

Iiduﬁbﬁ@ﬁ‘UK;particularly useful in a process where
treatnment of wastestream (such as waste nutrients and
CQX2) is coupled with al gal biomass production. A
menbrane filtration can also be used to harvest al ga
cells. (e.g., US Menbr The net hods
of this fourth aspect ?W@m?ﬁ i on can be used
for a variety of purposes, including but not |inited

to production of al gae-derived products 24 WO
Chayept BoglPS QF@H‘M%B‘I odalgalbiomags production iaggriew of systems for

BUdbaGRA: icaRINS, T AGPPPRRE] S:ajo3.gouman f00d and ani mal

feed? oductlon of reconbi nant prote
DrrPSReT Gt SHHC (1EPL Sralgetin » mldriphotabipreactor for

tentinab®y edlned ¢f iditin QluchBed-GoRUiabb@Rr$ thHRIG tplan& pp. 199-

t ca d|0X|de rich flue gaSes "em
200 R Su8Er 1 MabRhon b Vsatis: M horamans W apdorven H, Christiscn D

@ﬂad,uﬂgdzlcmoﬁﬁh;ﬁ:ll@ E@e@ﬁﬁ&%pﬁdﬂ@d&&ﬁe aSorigggdst ock 5

AP tion of hiofuels (such as_biodiese
n@f }?gﬁg PRIRG ABE AEaiPnadai WalesQualify and Treatment,

Mc(ﬁmwehmmctlmmemk pg. 229-268[hose of skill in the art

B bl T Sl PSSy vt
tﬁbl}abmask puodudiiniyr mﬁibﬁlaalphchﬂo&bﬁﬁbt@i@ﬁh‘ Bidroaldul Q:uﬂt&%@ effects of

éﬁ%ﬁ% gé?%gancﬂgrgf&h Hdﬂ%}gpﬁgpjo%%nal Ofng% el 0605-616.

Ferment ati on and Bi ot echnol ogy 85: 230- 236 Hu et

al ., (1996) Bi otechnol ogy and Bi oengi neering 51:
51-60; Hu et al, (1996) Jourpgal of Phycol ogy 32:
1066-1073; Hu et al., (1998) plied M crobiol ogy and
Bi ot echnol ogy 49: 655-662; Hu et al., (1998) European
Jour nal of Phycol ogy 33: 165-171; and Hu, Industria
production of mcroal gal cell-mass and secondary
products - major 15 industrial species: Arthrospira
(Spirulina) platensis. Pp. 264-272. In: Ri chnond A
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1. A phot obi oreactor adapted for grow ng
m croorgani.snms such as al gae or- cyanobacteria along a
growt h gradient, conprising: (a)a container. adapted
for holding culture nmedium conprising:
opposing first and second sidewalls, wherein at |east
one of the first and second sidewalls is transparent,
~and wherein a distance between said first and second
si dewal I s changes progressively along a |ongitudina
Claifli rection thereof; (ii) opposing first and
second endwal | s; ~(1i1) a base cap that fits :
unber aA hEftotahian i adpptsl fosestpWiNSo Bl gPeiganigns such as algae or
j Nelo) I.Ses. at | east one base cap
eyane g%%%@¥%gﬁéﬁa%%gﬁgﬁ?ﬁw gkég%'cap that fits over a
t op open) ng aafontaiver phptcdtiboh@dio onlturakhedainn coderitiog -

cap conpriseg at least gne t cap .channel : .

wher ei 't he B r sPERISECEAY Seal i e Eophepiaat jpast one of the
pl ural i firyt £l SERAARVaHE ¢ ir@3Pare@N BndVRBERINT 8iBBNnce between said
separate- sections are -disposed in fluid communication

such t H&st andeceandrsifiesraie dhangsscrpgrerdirlbalenga fengitudinal direction
sect i ONfaredM) SUpport struts for connecting the

plurality of separate sections of the first and

second si dewd} | s;oppaied fiseasitsecmd endwalls; port in fluid

conmuni catian.with the container: at | t. one .
outlet port PR f 2uib8% offfu riill%é a&{tgo'nlgrﬁ(;&)e'i h*t %a)m opening of  the
cont ai NbiobidedaRfor 28hakin ARk 15448 t&Mbdribrisedlhtdeast one base cap channel;
conmmuni cation with the contai ner; and . a

t enper &¢re contral system connected to the container

SO as to COI’(M ol aﬁg’&g} A Mits %t/elf ‘zll Wgﬁ@gg‘fk‘eﬁfi ﬁl?g)hotobioreactm.',

cont ai ner; n said grow
def i nedvlizyeis tiedopl capt cmpeisesaat fl¢asipreftos edpdchennd;ur e

ne-di um et wee SFC .09s ecsa. g \%Etﬁg ic?)rrrll S¥St en’l‘ura?ilgd of separate
oai d t CHFETR U o iebAtp ofec s i p5¥S Py of sep
phet s OdrRIaclicdéin Ahe Sdpaia® sketiiefretiRpdde id LBl codfglinication such
second sidewal|ls conprise at |least 5 separate
s datithguiture medium can fiow between sections;
(b)  support struts for connecting the plurality of sepatate sections of the -
first and second sidewalls; |
(c) at least one inlet port in fluid communication with the container;
(d) at least one outlet port in fluid communication with the container;
()  an aeration system in fluid communicaﬁoﬁ with the container; and
() - atemperature control system connected to the container so as to control
temperature of fluid within the container;
wherein said growth gradient is defined by said distance, a flow of said culture
medium between sectioﬁs, said aeration system, and said temperature control system. |
2. The photobioreactor of claim 1, wherein the first and second sidewalls
comprise at least 5 separate sections.

3. The photobioreactor of claim 1, wherein the first and second sidewalls

comprise at least 50 separate sections.
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3. The phot obi oreactor of claim1l, wherein the first

and second sidewal I's conprise at |east 50 separate

sections. 4. The phot obi oreactor of any one

of the previous clains, wherein the nunber of support

struts is equal to (n+l), wherein n is the nunber of

first and second sidewalls. 5. The :

phot obi oreact or of any one of the previous clains,

wherein said distance is between 100 mllineters and

304 cent iEfiRkshioreactor of aly odd1§f R Ek@f%h@ EBASS WheRin BYumber of

one of the previous claits, further conprising a
suppgrt v dreeavaktp &+ i)rwhdrein @ ie Bvermumberaifiow apd sqgondhgidewalls.

coat ai oﬁ%Qg t f .

of i t henglﬁe Vhogo&éorea[czo‘r 0-1[5[:%]; % A ;%%\ﬁ@lf's c?alruﬁ}g, \glﬁegéi% r@!ﬂﬁ distance is
betwear HObaflihesrsaad 0@ cérethdtas.t he first and second '

si dewal SO .a barrjer and t arti

se’Sar at etﬂé’tQPé‘?{F%‘it?{e‘g %“P{t%‘erﬂfl T pice°td ﬁlﬁb{‘ﬁ) e§ C%/’mpﬂsmg a
draif@ge ditRt RNOIQ BbAMAARERIN Wikh Sk abMkiher. Wher ei n sai d ,

di stance di mnishes fromsaid input port in the o

di f-ect i Bre photobigrepctnnopany pes ¢of theprgvious claimsgﬁlrdlﬁlecomprlsmg one
or meﬁ%iqﬁésogoqﬁgétgcf too{hle“f'ir?t' emdhsec §1§év9all§t fsal%t fopnqea l?efrrler and to

the top cap channe nd t ase cap yannel 1's
partiail}eqapmdtetth)e gpmonmal éntd nuittble cormectments. t o ‘a separate

t obi.gre hot ob react r af, a .
bre or Hicaatsbiorerctn a dgin LoRpRrEig Qe Bimfignes Hom sid
mputsmﬁlﬁmnedlrecnondﬂs-aldem@p@b@&obl or eact or of any one of
clains 1-9, further conprising a NOGB1PO43- | evel-

control system 12. The phot obi oreact or of any
one of clains 1-11, further conprising an 02 |evel
control system 13. The phot obi oreact or of -
any one of-clains 1-12, further conprising a CO2

| evel control system 14. The phot obi or eact or
of any one of-clains 1-13, further conprising an
optical density sensor.
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15. The phot obi oreactor of any one of-clainms 1-14,
further conprising a nmeans to effect inclination of

t he phot obi or eact or. ~16. The phot obi oreact or
of any one of-clains 1-15, wherein the '
phot obi oreactor is |inear. 17. The

phot obi oreact or of any one of clains 1-16, wherein
t he phot obi oreactor or photobi oreactor nodule is

serpenti ne. 18. The phot obi oreactor of any one
of clainms 1-17, operatively connected to an open pond
bi or eactor system 19. A nethod for al gae

grdwt h, Thearpiobisirengtor € el il ngheiFigatlens one gf Gagep cap channel and
nedi in 0 i tQr ' .

e oESBTh AGLN) BEAE A O 2Pl 95 Bfrf P iror
nmet hod of claim 19, further conprising harvesting

al gal s, . 1. The t.hod of claim?20,

£ Ul her Theamplobirsigior shfist PRROTRENSd: St SHIBTg # By contro
systeffl® harvested al gal cells. 22. The net hod of

- claim21, wherein the biological products are L
sellect édvefphetebiorenciyr ofiprcoirsifslding 1t furtheycanpiising a NOs /PO,
d fatty acids, carotenoids,

hvagﬁ@@%%?%%ﬁToteins, chl orophyl I, and pol ysacchari des.

2312. TheThegthbobiodéacthr aif mnP One vhdniaisn -1 heuathegabmeabihg an 0, level

ﬁ@gprise reconbi nant al gal cells, and wherein the
CcontrpeYRGH- f urt her conprises isol ating reconbi nant

pol ypepti de products fromthe algal cells.
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24. The nethod of claim 19, wherein the nethod
further conprises incubating the algae in the
presence of a nutrient source selected fromthe group
consi sting of animl wastewater, wastewater from
concentrated ani mal feeding operations, agriculture
runof f water, underground saline water, industrial
wast ewat er, domestic wastewater, contam nated
groundwat er, waste gases emtted from power
generators, and flue gas em ssions fromfossil fuel
fired power plants. ‘ 25. The nethod of claim
2113.whefhei photohrératrov of tisneps af-cbrams il dd, ButhergongirisingastO; level
00thvo %oi nts along the |ongitudinal direction of the
1 P54 nd second sidewal I's corresponding to growth
~ gr adi enthepshotibforédetomaif @by lbas vesthgs vl 8, fagh@advinpBing an optical
- have differing amunts of desired cellular conpounds
densify sqmsQfduct s. - 26. .The nethod of claim 20,

whey ei nl“ﬁe*}ﬁmﬁ‘)’bg)?@acﬁiﬁ' or afY 64d kifiRE 1L iRidRPEhbNsiAPa means to

renove or recycle waste nutrients froma waste
effechinchnagion of thepbetobiokeacteby renedi ati ng an envir onnent

O ST AR PRI BL Bt
lineagl gae are enpl oyed as an al gal biomass for use as a
f ele7qst o"lghife Jhgtrob%rreoagt%%gif acl)nny grfe'o ic afi#lse Il-'sl'ﬁ, wherein the photobioreactor or -

- photobioreactor mo.dule‘ is serpentine. _

18.  The photobioreactor of any one of claims 1-17, operatively connected to an
open pond bioreactor system.

19. A method for algae growth, comprising incubating algae in a growth medium
in a photobioreactor of any one of claims 1-18, and exposing the algae to light.

20.  The method of claim 19, further comprising harvesting algal cells. 7

21. The method of claim 20, further comprising isolating biological products from.
the harvested algal cells. _ - ,-T _ o l '

22. The method of f:laim 21, wherein the biological j)roducts aré selected from the
group consisting of long chain unsaturated “fatty acids, carotenoids, phycobiliproteins,
chlorophyll, and polysaccharides. |

23. The'm\ethod of claim 20, whergin the algal .cells comprise recombinant algal
cells, and wherein the method further corﬁpﬁses isolating recombinant polypeptide products
from the algal celis. |

24.  The method of claim 19, wherein the method further comprises incubating the
algae in the presence of a nutr_ient source. selected from the group consisting of animal
wastewater, wastewater from concentrated animal feeding operations, agriculture runoff
water, underground saline water, industrial wastewater, domestic wastewater, contaminated

groundwater, waste gases emitted from power generators, and flue gas emissions from fossil

fuel fired power plants.
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25.  The method of claim 21, wherein the hafvesting is carried out at at least two
points along the iongitudinal direction of the first and second sidewalls corresponding to
growth gradient points at which harvested microorganisms have differing amounts of desired

cellular compounds or products.

26.  The method of claim 20, wherein the algae are selected for their ability to
remove or recycle waste nutrientsr from a waste nutrient source, thereby remediating an
- environment from which the waste nutrient source was obtained.

27. - The method of claim 2, wherein the harvested algae are employed as an algal

biomass for use as a feedstock for production of biofuels.
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