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FIGURE 1

(57) Abstract: A method of algal oil production including the steps of: control growing to provide intensive growth to supply
starting means for algae farming. Farming algae from using primarily sunlight. Processing algae produced from the farmed algae
preferably using a wet extraction process: and wherein at least one of the steps includes use of a bag able to be interconnected to gas
or liquid flows of at least one of water, CO,, oxygen or air.
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Bio-diesel is registered as a fuel and fuel additive with the Environmental Protection
Agency (EPA) in the USA. Bio-diesel is recognised by Federal and State governments

as a valid alternative fuel.

The use of bio-diesel in a conventional diesel engine results in subsiantial reduction ol
unburned hydrocarbons, carhon monoxide, and particulate matter. The use of bio-
diesel decreases the solid carbon fraction of particulate matter (since the oxygen in

bio-dicsel cnables more complete combustion to CO»), eliminates the sulphate
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harder to control. The risk of contamination is also greater than in closed systems.

organisms that eat algae can enter open ponds.

" It is therefore an object of the invention to provide a new apparatus and system that

improves the growth and conversion of algal growth for obtaining natural oils to be

used as biofuels,

Tt is algo an object of the invention to provide a system that uses excess CO; and

thereby improves carbon footprint of industry.

SUMMARY OF THE INVENTION
In accordance with the invention there is provided a phyto bag for enhancing growth
of algae for biofuels including:
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m nimum area of 1 sq m per phyto bag g. a tenperature
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ot her bags V|a punps and tanks to form a nodul ar

syst em THedhergsugtien ofdergagwenttieseal ed nodul ar net wor k

that W | khefa VicHRing acc@éa} &%bﬁ@m&aaﬁﬁn IRGAKE phiegal gae
of choice_and nexinise Iipid and proteins productl on

10 The pR{KE ipdbsalesin hebeBasd ructed with materi al s

that are hWRaRSEMARS boUdR HRSH BdflefaizBl 1ok RlthORME
exposed to . the el enents The phyto bag m)du%

system cHidP&ts of the plurality of bags that are

wherellsitm thes BRRNEss ﬁbtpﬁmafeldumo ad ﬂangmﬂd 80 m%aﬂ tﬁaﬁspafeht top
ovegro nd tank fitte (ofe]0)

ab

film ithoRetal 15 cafl<iredriam éwafvéa Swﬁlsg*t an@r#w%tdms%ﬂ. B8

algae R¥drALINHE AL kCenhfRe giokth. t r ansfer punps to effect fluid
nmovenents iii) bags placed on flat and sl oping ground
over pipe heat 20exchangers iv) bel ow ground tank

The iideltidn aMorelide atpreent @eledivgl or harvesting tank The

gt R g R
subsmmm&ﬁmimmbemmufammath&ﬂharvest ing fromthe resulting
nD%uslun ight controlling means on or above the top surface of the phyto bag;
and
a heat aiding means on or below the bottom surface of the phyto bag;
wherein the control of the sunlight controlling means and the heat aiding means
ensures heat control within the phyto bag to ensurc substantially heat in a predefined

range.

In accordance with a form of the invention there is provided a sealed bag consiructed
with irapsparent metallic or refloctive films for explicit purpose of growing algae

resulting in harvesting of desired algal lipids and proteins.

The phyto bag in one embodiment of the invention includes:
| a. a clear transparent top film to allow the passage of light to the

algae in the bag '

b. a metallic and reflective bottoh film to reflect light back to the
algae in the bag

¢. multiple points of attachment to access contents which can be
the form of Tiquids or gases

d. and when the top and bottom films have a medium to high
oxygen barrier to capture oxygen produced by the algae

4



10

15

20

25

30

25system BRI EF DESCRI PTI ON OF THE DRAW NGS | n order
that the invention is nore easily understood
wensdsisent s Wil | be described by way of ill usecBEAUZI08/000845
with reference to the drawi ngs wherein: 30Figure 1 is
a diagrammatic view of an al gal fa[niqg‘systen1in
accor dancg Waltple fwdidplinept mesms consistinggf el anl ghamyers
cr 0ss- sect | gRgilioRh Nl bRk Aafidadhgtxphyt 0 bag in
accordance with_an enbodinent of the invention for use
in the al al®f SiHHY 2&pSF 69 BPCERYY B8 and havi ng
i ntegral igma&l‘,ﬁlfiéﬁrelttaﬂeEna_ﬁitd’nﬁhﬂfeawt@ﬂ; i Fi g;ﬂe 3is a
cross-sectional elevatjon of a_second formo to
bag in ac%o@o“&ﬂ%‘é‘y\f\? ?%f“g‘ﬁd@’ﬁﬂé’meh}éarﬁs VirPumRg and Bas P o
for use in tien amgallarfsagtgin ng system of Figure 1 and
having external air circulation; 5Figure 4 is a
general diagranmatic view of a phyto bag in an al gae
Theftagnwitigersyesd ealet modclaotaiastt ehaniilhpravide srbadioli®@indpaaftot he

RgIays astelmcd _ e i
oyt op S s gt e Py byl PRl 2L Som i

accordance with a still further enbodi nent of the
i nveniion: i re.o. i en i r tic
Thel phY G e B b cqnatruciad Wt fiuOialsSnft QR BB AR | ©

detaiofatint aen epbedicntbatlenénts he i nvention having three
| ayers including solar bag, phyto bag and tenperature
control bag; Figure 7 is an overhead view of a

Thet hpter hasurmodoleg oftemi gonsistss ofi bk PluRbyoas twehribat pRg
ime%&) e bgqug,lgdhﬁggc{ﬂﬁsgonnecti on to inlet and outlet
Teeds o

> gases an i'qui ds; 15Figure 8 is an overhead
vi éw of a phaposeseigd ornirififed avith Reating ARdefsliee options

connecting i BkfdSondNdIRMtd Ssfioh & achRMNAHLMEAR staGc hali et
and outlet feeds of gases apd |iquids; Fi gure

9 I8 an over FROSET pyoEy o Fest SUf BOVERRISof Figure 6 with

NUmgy ous congh%tllgmgdi & &1ab @dsiopihd Qirdunt 06veE Ofie tedton
to inlet and outlet feeds of gases and 20l i qui ds;
Figure 10 an®ch¥¢gfe perspective views of a nodul ar

congy ol cel | b@dw yafubd @ik RichGasulhbeige receplalioreliarteytingf
control bags for instigating initial algae growth for
depl oynent iﬁ'ﬂbhyto bags in al gae farm ng system of
Thé bBH6 88y hotiflaDsystem is duplicatedFicgurdiag 1 fHesarbere b dayt ifon
us

trol f . [ th [ .
slggasoge i i oEnab e r g ot e e e aiatie SR E lrefille,
syslehQW pat h; :

BRIEF DESCRIPTION OF THE DRAWINGS
In order that the invention is more easily understood embodiments will be described
by way of illustration with reference to the drawings wherein:

Figure 1 is a diagrammatic view of an algal farming system in accordance with
the invention;

Figure 2 is a cross-sectional elevation of a form of phyto bag in accordance

with an embodiment of the invention for use in the algal farming system of Figure 1
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Figure 13 is an elevation of a cultivation bag for use

in the nodular control cell structure of figures 10
w@pmsAd37Figure 14 is a flowhart of creati on BET/AU2008/000845

bi odi esel from al gae; Figure 15 is a

I agr tic vjiew.of a nodular system of al gae farm ng
andgaﬁ’l “ng‘?]df“a Wcl‘lﬁu% enbodi ment of the invention
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2008/ 15 373PCT/ A1J2008/ 000845 ure 17

gegé’r‘éﬂ QPGP AR D O Ol ahgp bsg ?Pc@&f}eaﬁﬂwﬁg
systénainkactordane wlt@ateexﬁlmdnmamgof‘stycshemtmm accordance with the

in [ Fi 5 r 8. I n VI ew
of P‘%U 50 Q a% eé% %ﬁ%én%nag v1ew (ff': tﬁcﬁé’l‘w% b]a n% an z?lg'%
systmhmcdadmlee with hsﬁlhkrthﬂ\cmhbdmmt o5i¥1egwwmh9 is a general
di BALANKTL 3dfll Bt AhaSe Rl B ALYIAY ARM1 Dl 3 03¢
armng syst®m i n atcor ance W t i AVEnt i n:
aLCOFdagcﬁ witlp @ furthemerahodimeatrbthe dnvegondevion Bireevinyews ipéluding

solaf¥y uﬁ}gm%gamcag ARG, 1\091?§h the invention; and

wchart rocessi ng of al gal
ma @nicd] is £ ovArkdae Vi‘egrqﬁau@nwgatm@tba@%lﬁwng vhdgrugietous

contfeb Gty BRtslHd hPlets 20 EAnBBER { S ARG St ohilletFeddd | gtc&% and

extraction process of the invention in whichoil |
liquidgft in the product; Figure 22 is a diagrammtic

V' RSl 8 & LETPERAH WSy LRRKoHYRY bdsSEr FiBude N with dR@rerous
farm n? systemin accordancé w th _the invention;

contper g wlepandsovglets | fax epapation fo iy cad sﬂuﬂ‘a fggds of gages and

hqu;‘d@r mng in accordance with the 15| nvention including a

t extraction ces re 24

EW&}W\A?t‘S &t OES?‘g%aéls%‘F‘gg"% ‘g?rg?flg #A B SP “?fﬁa&’:’u’}’c‘ff"&%\nce
comvucﬁﬁg il AdvVeReis QBr tdtbdiidh g ifetf dnd Shullefbede Xif roagsk iaod
| rocess; DESCRI PTI ON OF PREFERRED EMBODI MENTS OP THE

iquds/ENTI ON

Figure 10 and 11 are perspective views of a modular control cell structure that
can house a plurality of control bags for instigating initial algae growth for
deployment in phyto bags in algae farming system of figures 1 to 9;

Figure 12 is an elevation of a control bag for use in the modular control cell
structare of figures 10 and 11 showing serpentine flow path;

Figure 13 is an elevation of a cultivation bag for use in the modular control
cell structure of figures 10 and 11;

Figure 14 is a flowchart of creation of biodiescl from algae;

Figure 15 is a diagrammatic view of a modular system of algae farming in
accordance with an embodiment of the invention and including poweting from hybrid
rencwable energy system,

Figure 16 is a general diagrammatic view of use of a settling tank in an algae

farming system in accordance with the invention of F igure 15;
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20 Referring to the drawings and particularly figure |
there is shown an algae farm ng systemthat is nodul ar

wapdspsesent |y consists of 10 or MOTO br anchespCcEachooshHoosss

branches typically will have phyto bags. The growth of
al g@euleS] CRN JAl ' o that.in.cas f.
cont %m’ nat | ongeaﬁélecg%%ﬁ%?&{?ﬁgﬁi &&S i Seﬂ‘%"%%?"af'zﬂ’? HHR
. algge datping gy siem i asgardame wh fhedneaticnmfPiuased on t he use
of FRWCOSE rtahilol@.ensure that the 25
%’F eir% e,conosm’En::ﬁa‘,rﬂg‘zl1 i fb 3 ao%lygjlgggag T a“rrllnlael%"ge gﬂ?‘“@ [jgstem 1n
ac £ With e P®idBel s is conpetitively conparable to

t herpost ® 9k Lk I ned.oi] r.eseryves.
In t%g syslterfgwgféin\l/]e_ i f _eérégr)‘?e gg%%%f’%%'é@%{’%rlg aﬂ@éae
farriing SYSFH & 2oRerdpnse Withdednysaonsont rol st ages and 3 for
t heFigl@a® it arddenehrsR I8 sratiddal L4 I ntrol stages
such, as shown in 30 F?gurgsﬂlgg?o&f%ﬁég%ﬁnﬁc%‘%ﬁ“
b‘?’a‘én_gﬁﬁ’v%“ﬂé’ﬁ’rﬁnf’ol bag i's required. 1Mthe al gae
f ar iz 23129 auMeio B oRAMILA ded bS8 dn 1R o uglg%t 0
t@g,d and. t he ?.ol ar ba%d a tenperature contro
are PERIPAG Figrrepid P rAsPRIdaES Pl 4 Aullefat iommetionThe
frowess o thedfivehtich ia @ah (AR @ thehREES; | S O supply

en h ae starter. culture to allow al gae farm ng
pr gﬁggf ?Zg ﬁs & Jiagrapialie Visss e blempapive tatlh for megyinhe gacof
threriggysten pmb@drdsica itithalie iBRdtiBAIM gr ow ng season, This

gr ow spn. will .be dependent .on, climatic i
con ]tﬂlgg?l zsaaa OY‘#@“ P%Hﬁ?ﬁrs%‘gg ?ﬂ%@ﬁ fagming iy acgerdenca st then
titsntigpaclotingd fraewdkeingod pooseg, For the al gae control
I NC ' and .su f the nutrients for
t el e 24 R LANAN B RS B b G eptocs v v
tipveniednonduding afiwewdtekisdiction gru@pegrt for a col l ection of

al gae fanners and al so a central research, devel opnent

and processing of the al gae. 10 The conponents
DESG&H%J@H Qit PRYFE RN ERREMBORUMEIN TSt QRYEHE REVEREION

Refoitink ity @el ibvi , Control_ cells
el | AEwRED JERRUAAY BRI thre it oumRAe? P icent

SyS?Up]‘c]i’F*S/‘St godudarpand presently copeimts el allCueremom nirerehese g Baghngt

brahdibl dyb@ALySwill have phyio X381 TIQ Ssthth BFBRLe is controlled in LaRRST €7

i r. di aphragm pun’pso

. S0 that in case of contamination any bag or branch can be isolated, The algal farming

system is needed to be based on the use of low-cost methods certain o ensure that the
upper economic reality of algae farming for the creation of biofuels is competitively
comparable to the costs of oil based fuels from mined oil reserves.

In the system five different forms of bags are used including two for the algae control
stages and 3 for the algae farming stages. In the algae control stages such as shown in
Figures 10 to 13 the cultivation bag and a control bag is required. In the algae
farming stages such as shown in Figures 1 to 9 a phyto bag, and the solar bag and a

temperature conirol bag are required for one cmbodiment of the invention.



10

15

20

25

30

20 Air blowers air filters and scrubbi ng equi pnent
Laboratory Referring to Figures 10 to 13 the function
w@booshsizeal ti vati on bags used in the al gae 25 pOnAUDI08/000845
is togrowinitial starter culture that will he
transferred to the control bag. The cultivation bag
‘Theviluhdtiol ef fharalgae comtsb etageons wudupple rhowgh pfday stugerf aritune td he

control. bags are.used fo fircignt starter
a"méfu q%aﬁ’ r e‘mf“??gt Prg uﬁ“%neaf rsg%nsg%%é’l L %ﬁ h@ga eélgem% aorf rﬁhe The
anticipaied gt agtmamegroleing grasoh. tIhishmogingsdabimwitidetdepinda| | s
N FLgures. 30 1 ' e es
e e S
beirfgafinieidt For ik algsopintro] incladds pripawiiordendisyeplp bf the tnirfrients al
' r lights nounted within the control cell
foréggsglg%icot&ﬁglg]rf#t |%'ure Il with specific |ight and heat
outputs as required by the particul ar al gae species
bei / : 5
T e S T 0 RO et
famrgandatso azergradires@rohade velopragraeid roqessingradderdgaeeul t ur es
of different al gae species within the sanme control
facilitt;;. 5 The control cell of Figure 11 in the al gae
Thecompersmisseaiyed st dheqnlape gentrof 1185 iadilsor t racks to hang
CorttiRlaidii@gs i N cul tivation bags. The control cells
arc also stackable to maximse in |linmted space
av&ionEplihags n the control facility to obtain sufficient
QU lyceﬁﬁf stock of the starter culture required for
multi ple al gae farns, The control cell also 10
pr Getdiee, wixpEend picsingiengpmst £o1 witriesf supplD ¢ faght s.  The
Qoqte&ggm&géogﬁ?regmw@,gi |y transportabl e and as such
provi de a nodul a unction and ready rearrangenent
wi tlhlightd | mi t ed space. The next stage of the process
IS e al anni ng stage as shown in Figure 1 and 15
Gsi%olggmlgﬁggﬁg%% of figures 2 to 9. Fundanentally the
al dahnsfeapintiaphrsgrs penpsenhances growt h of al gae for
haryvesting to foimbiofuels by using three forns of
Baglélrglgwglﬁom particularly in Figure 6. It includes a
phystirfileasgnl satibitingaqliames f oot print relative to its
height a top with a substantially translucent surface
fatéPPEPY The sol ar bag | ays over the phytpo bag and
provi des a sunlight controlling nmeans on or above the

0 ucf ace th hyt @ .bag,. A.so. a tepperat yr
Refs 3B IO 0 hdac atiy TRyt SRE R B e
contidl i acgrowfinitifl @tapbrycubiub dgt wilblgatansferre¢die theaobirel &g ofheof

hr.ee, ba rovi de ef f ' c I
cu P B R Rl f g M B ARE RS L P C AR E e R
used msgrowgTinieat stagtondultols thwit t4i be tizhaferpedye the blege faomensur e

heat in a predefined range to enable algae growth. 25
The sol ar bags used provide insulation to the phyto
Thbegiroldags are designed tochapgrwiinin cortroh ecdls b gopntinFigted Spvsr e.
11 R ar DRGSR s eS UtaREBMel € CpRmlsk GMitableshk th Q. ohiitracinity.

excesswefl ght penet.ratpln to the phyto bag, Tinting
Theeontbealip profude Ayepf %?lﬁttlﬁélggbff%m %gg‘w ppurjeg yyithin the
corRSE Qs REovPinagnEl 11 QNE sfbirk ¥ dn G8lticaiis aSelqBiedddgs
al so have the feature of having 30 flexible solar
the pastieplan algape 5RAcHkd DEIRE HOVBp | ayer of the bag as a source
of energy and conponent tgo a connected hybrid
renewabl e energy systemthat can be used to control
the energy use of the algal farmsystem.
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Also a smaller solar bag will have the function of
bei ng used as a drying vessel as shown in Figures 16
wepmsAyizvé t h dry air punped in and wet air renevBadUu2008/000845
dried with use of a condenser. Electrical heat pads
wi |l be used underneath the bags as a heat source
suppl ementing the solar heat from sun_ Operating
Both @mmwrebagnanmsc DD 6o R rdﬁ%tu%@sz Q8h §5 Wge o THE
to bag of Figures 4, 5 or are used to provi e%a
°ap%f%tt%@fcé’ﬁ DORQGUHBYs ek diffegmt @]@W Arsicicg) Mathinnge camel icontohs
facifi®9r nonocul ture al gae. 10Connections to the three
types of bags of Figure 6 are shown in Figures 7, 8
and 9. Phyto bags are fitted with inlet and outl et
Thelcbﬂwl dclI dfdiilgﬁfréll RAKd Sgadichitrod &a@ i@ @ivided In'tcﬁﬁxﬁpfgﬂqcxéft@

b %% deliv é of gases cont ai ni ng
anxp r°8’§‘/tf°(§ & ﬂ)‘h;‘/‘&%“& fonabAg-at Thsncqngp! PW@ Hf Gle terkplderde n
maximiss imslpmms ispdte Wdilable irt e cdriidl Geilify tb bBaiR hﬁﬂﬁ@leﬁ@cﬂlanu-w e

o fitted wt r_outputting oxyge
of BRER! G B3 cblbin: GBS BubRlpe lsin 5. o hecsongeiiel 4o
provide sepportT e mhwlamobagsl FJBV@}@ rraulal dohﬁcﬁdcelﬂﬁ)tatréé adfyer
{Q.r ac gae in
ranige L L o R oo e s wiin
alumteﬁbmceof branches of an al gae farm bag systemis
equal to the nunber of days required for al gae bi omass
to double imrediately prior to harvest 20 which
The mektattags of dhet recespisi thaklgad tpaemg angé hyshownSn ;Fegme Ntandf

wing U s RERTo 01 TR R gk PR Psfiinben . "
grovfth pfdmdordwdveamrgab f@m@t&fs@s Pysusirgi threafomesloHiagbe: shewic ent
parti@ﬁlm@fjﬂf‘%lﬂ% 6 nn%%;d@é QE@P&P g hmﬁ%%tf X t%&émﬁt,lg%l‘% System

i ncl'udes the al gae no ture bein rom 25

‘heighighiop @mhw@elaw@ Iyt trrngloprnt eirfagsethipigriab.o Rheatotar hag 105 over

the SHYHobRE alBHSVIQ s £AG t‘c‘&}u"olhngweﬁﬁs%t()‘? ﬂ%"t@p??{r%n in

_-control location and suppl i to the arm oca

of theyphivta bt oflsp Aglempmaere agl acisvastd bawt Bidinggoqsps belewehe
bott&ﬁ 3Helde 6f the Bﬂﬁ@be%agﬁug%érhthpéoﬂfbﬁ{aﬁm ¥ e BRX LRVRROS, pe r

anch. Nutrjients to dosed into solutioh after the
°ff°‘t“é(FrﬁEer sqrirpl ot Higjsunlishh ﬁ?’i‘?ﬁ’“ﬂ‘&g‘geaﬁ énq grej heptopiding nawsps es

ensubitlf heg cBRFol 8 thi the IhOBERE -to PRt IBaMRC BREGFHReNrdnlye RS @
bi 31$05| tive displacenent punp dosing nutrient controls

enablg Algae@tiWhy tine intervals determined by a tiner

devi ce. The al gae concentration systemis required so

i s harvested from phyto bags . having

The gl et Pkl ik PR 16 R pBY Rech STBTLse e SHpE P
heat Tdike toodneghere.e Solhr byt RS br?mﬁ laQighefitly &bl Yk LigHﬁS S

om aryesti.n in
penckhOHH R Hle RuREBE. Phinkad W Bo et e o B rlfedess phvess
accolimgy/ie sbndigons motes docaterlsd Shiav g utsds hertihafdaied Jphidilg t 0
fexfe At DI Il O1cP LV ORRRAR e " gt PR e find ©
compygeitdo ¢ oorepeity] hybhid raieivalde eferdyrsasiomgsy can be used to control

the energy use of the algal farm system..
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Therefore the nunber of days required for algae to
regenerate to 5 percent bionmass woul d determ ne the
woeovBesizedf branches required. Harvesting requi PEEAUD®RS/000845
branch to 10 be isolated and contents of phyto bags _
fromthat branch to be enptied in series dlrectly into

Alsya smpies|solsr birsewidihays thsfurcian of heibgisd &s golsyipg yessel as

showh %PFl@ﬁx@m@Bnch%th Ef}eaxﬁﬁﬁnﬁﬁeﬂrig aﬁdﬂ% z{ﬁaﬁémgﬁed and dried
aboveground or bel ow water |evel of

withrese @f ﬁCH@deP%fr FEKGgal hgat nadgwill b used W@&tﬁtﬂaﬁ ’Pﬂgﬁ & fow
heatCOREE Riph RiveAThgathd @M ar BbA MR&SsuwhS erta@r%stel}\pé?&ﬁl% ih thelg@ves
%?g aral el plate settling tan diverted to inlet
can gf 64 &% GE8Fe tank. Algal overfl ow cont ai ni ng hi gh
concentrat| on al gal bi omass ( bottons") on | eaving the
aIbIeI Elate sg tLing t@ 0|nt is first treated
58 af OIS dr 551 BArcised i PRVET AarRsilgma- BT
opnmarmmsmgb@immmfomioh@d]tﬂea@aet| mer to achieve a pH of
11. 20 The bottons enter a flocculation tank when the
bi omass and water are separated. The water flows
Conhtunomagt:bl {Bditdeeypes 06 bm of)F%ﬁﬁM &IesﬁoMSinrmglaesi’nS@ g punp
ntro on,a t 0 bri to a
Phyliieh e e S nll ERCeub) Sl b sePl o8 e o1
and geesed for daligkry af poes croetaumg el preaddire: mydcqm agmaort foed

r. K. bot t ons
v b L8 OG0, AEHIRLELAL oAl ol NI
ﬁtteQ Sath mpmlfor nutpwgmwmnrrg:htgamo be golipeted &rlcemble:d omercbiicak en

e ) THEROE ehETRLE il i IV AGP YR Ml FREAPY,

Mga@h@lmmmgommfhﬂi@gal gal farmng system i ncl udes:
SCLAR PONER 30 WND PONER DI ESEL POANER NMNAI NS PONER
BATTERY FOR PONER STORAGE The sol ar power systens

Refegzing tojHigarg Hthe pambes phbrarghey ofigh alspasagy B%ﬁﬁya‘?@ i3 egvplrat ed

the ﬁlﬁnﬂeh &t &9& ggmp@%r aléztc b?c;n%@s {oHolibe S8maRital p{lbﬂb Rkt

panel on to bags and secured via

thfh fe&t‘i?o‘ﬁ ﬁ@t?ﬁ"ﬁ@ﬂl déqﬂF \9‘@‘%595’ ¥ ﬁe@"“ﬁ%% iy Hlereging can

potéﬁﬁﬁt;ﬂ lﬁﬁp :évé}?@a)f {nchl"@rbxbﬁ% ada95H gitenhtBdt B Bt rS348 {8 Mre
ea

Sol ar ing i s | ocatabl ort t shadl ng
follgyegandrpleatbéoniast i glaaiaient abgﬁmceah PN} 1 PRES ‘punps

can al so be sol ar powered. All of the above are
desi, ned en ered accordin 0 energ .
The, ¢ SRR ek fheCHER Gonrtuliin e onieg fom
con@é&l%c@&orph&&\tﬂﬂ cdll9 @orftatning 1®cdﬂhﬁdba@@mﬁ Eachaall. blgutgcﬁmﬁbﬂ al(r]I
esi.gn in . agrder to, proyi de ener t hat .woul e store
presy oy dbcsiy ot Prepledir BF Hrh bR S LuBB Pl
Eacht‘ulﬂi/zghh bag supipiiessa rhndhod p&ymlbiamm pleferably tthghyadbbage
re d n d d.en Lneer accordin
per Bl - RHERTS |5 B CHRE HAT SLETon oo Pebotbed PR phtp
bags)mrmﬁlﬂedemaeggs girmp befvetting fraxss Dbﬁn@me:slmmspomr bé 8
Yai a b r i nd .
posi%ve dis %%oggeny%ﬁlg\pug%sﬂngf ese‘%ogtr&gl A re cel}’\férrﬂcg Bﬁgwgl%o

gener
dete(fm@s@b}'éahmei\m@ic@ possi bl e use of gl ycer oI as the fuel.

The algae concentration system is required so the algae is harvested from phyto bags

10
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Mains power will be a last resort. 20 Clearly
batteries are required to manage and store peak power
wee@dusiron fromall sources and will be desi gredAU08/000845
accordance with the overall energy plan for the farm
The tenperature control systemincludes the el enents
havingfcon&ﬁh‘ﬂfm&'pﬂr Ristire pBagnt chmme ﬁmtsuhueionTa ke dgativengt and

ol.J ng C |, .Pads as roI Pr vent| on
harveffiR s EpEUECEoA & vidBR bR B Bei Al 6B, S
RcmaiMrt@E 5 Iﬂeatmtrtgomei uemﬂnﬁfonaivhdﬁamme\eﬁld’wm Bﬂuefsnﬁgs proa@s

Ql i The te eraf 0
would B DD 8 P51 HE PR RS, COMM st 1o e bPER 2
cycle.dependent on | ocal conditions. The solar bag always is
utilised although tinting level will vary dependent
on local conditions. The tenperature bag will be
The hhivedtiod cidlaprdtegurteds erhrerotatimpé basisuie enabkeriiiching ofrigchize

Therc@cﬁ@ Heq{ubﬁ)g Ag]%:/ %ag? ?etrr];gﬁ%iof\c}t ?%h@%ﬂe&@qg s e 'ﬂloﬁﬂ‘%sg hi n

e source o
wouldydatesmingghs sunebef of hrimshesaapenedt Hawestion raquiresghobraned toy

be ls&igt@a %9@ b€ 8F bht& BakLflorh nchel’chﬁaﬂcﬁ@%%&ryﬁl@d b2 0Kies 5

ti nrum tenperature range or al anning 1S
dlfeCtb’e’PWeI@rﬁausz'G@g*P@E@ ta throygh &rﬁ@ISl‘L’s‘G’ defceent CrIB; J@e with

setfli tluﬁd 168 beRBbRERUAL orbeRRAGHEE JevePb il f&% vand 38 degrees

'sius. In order to avoid critical points heating and
cool i ng pads can be used as an alternative to

Refeﬁ]ﬁm FRln 18, Rags eve-'r_ﬂ’tﬁss Bordi ﬁn@ hcﬁ@ Eéﬂc@rﬁiah&n @@ﬁrlﬁ&ﬁﬂss and
have the capacit eat on

(“topg B Aldeayfs ﬁaafeﬁql. glate S@J%&P&ﬂ%ﬁ?‘ﬁﬁ%& la\ﬁ ?f;}e%eéﬁt‘r‘fﬁg
tank. amgac @oérﬂ@»g COhthinin@QfgH cdnBertraN@l Sigal bidiRass ¢ibatopamehs

ced the phyto bags can include LED.|ights .,-
teavifiolF ErBECPEE sBUME JahiauK oA BEFEE THEref P trovide
doscdSid iRt edimid ddshe pahpdyseg @ihtrolivd oalagiaer ivmckerteragiteofidat  or
via 15 infrared |light provide the required added
energy for illumnation by |lights. The shadi ng systens
The Hoaomi brecrdeBicgriatioh tpiisiten drdébntass adhwaby erediapakatsh olihs

watcrv@qwa{l}'lvgaf %ngo %g ulsntgfsgf%tgrx a@{% L%H%Qh& pQJ'nptcla 1%9 (m a

g sy eMto or
timerviabriag itao aan tbfr&bymtdmgl EydrocTilpeic lagith | TTg:hlcsﬂthblal
n
Wate'p Y&r E}?b% errpera ﬁ}%fék g?‘ g%%w( pl%s @g{é’glﬁgfgg%t sﬁﬁtsh% and

temptrhwl‘eﬂ@ﬂerThe bottoms (or algae concenirate from the flocculation tank) are
stoted in the holding tank to be collected and taken to the extraction plant.

The hybrid renewable energy system includes the elements of Figute 15 that assists
the powering of the algal farming system includes:

* SOLAR POWER

»  WIND POWER

» DIESEL POWER

» MAINS POWER

= BATTERY FOR POWER STORAGE

11
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20usage of 5 to 7 watts at 12 Volts. Solar water
heating is used in extrene cold climtes which has a

w@apaasy3 up to 60 degrees Cel sius. The waste PEBAUSBB000845

be recovered by heat exchangers or heating coil
connected to the tenperature tank, 25 The gas control
systemincludes the controlling of: DOSING OF CO2

The GEMa ikl EP¥tctls WK Ychdie ﬂ%ﬂble&MﬁB&elB Ohitharedagine@d ef 1h£02
gcurs % glccllln 1 rL&R the I|ne ich is connected
solap ga G AC %fm ot} o bR bags Ak segpred
via &mfif@memg elelivelty Dipd @hﬁmmlgth fiexct gméh@ t®fand hfﬁ%ncba% algane
cal | ecti on en is i eved by yto ba
AR R Ry GO DR E Ol SR (h SPEp 9B U o P ace
mrcﬂhﬁdﬁ@l unipks And theedit Bladvert npdl lc&chﬁr g@:ohﬂ\tpo?]dafcﬁ pai ot tha )
co ct|o yst. c tached for the. ox n.ric
shotict e Bl PR BT Seeiins b DEaY Staedsicty” bt il
wu}mxmgemralemergylpﬁ@df&ialfaﬁnor use as a conbustion source
or otherwise as required. 5 An air blower is allocated

to each branch and when required with air filter to
Windrpoetr @f bb l avenlar Jdsignam prdy topevide radrine thacwvowd bastomd

in b eglegg?dls;?r}hsgd’] %N@n%ufmh V\é)%& pﬁgt%gélﬂéi{ng%a %qg@rs{ﬁh%ﬁt 10

All Bf theiabbe ord\desinked dndembserePossiotdingniorvgergy Féﬁalrrkrgelttbfor

eacl@ﬁi{l@o@%\fgre\g{%ﬁn Head.an %e%sﬂla%tolf ag efilui d Movenent

Dicsel power is only to be used as a backup to solar and wind power generation, Any
use of diesel will be preferably bio diesel and where possible use of glycerol as the
fuel.

Mains power will be a last resort.

Clearly batterics are required to manage and store peak power production from alt

sources and will be designed in accordance with the overall energy plan for the farm,

The temperature control system includes the elements of:
»  Temperature Bag
» Temperature Tank
» Heating and Cooling Electrical Pads
»  Pagsive Control by Prevention by Solar Bags, Solar Panels, Shading System,
Solar Water Heating and exiernal Waste IHeat Sources.

. Cooling Tower

The temperature control bag is located preferably under the phyto bag only when
required and dependent on local conditions. The solar bag always is utilised although

12
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15 A sol ar powered positive displacenent punp is
al l ocated to each branch. Punps are allocated as

wo epgiisBs and dedi cated to specific tasks and PCT/AU2008/000845

control |l ed by electronic swtchboard. The task can

[ i flaccul at.bon or er at
tmﬁr%ﬁlk%q Sl %SP' ﬁg&ﬁé&hoﬂ%d oon@%ﬁﬂs ﬁg\ (%1 %HB iJP geZO
linlpddiudjy pfuﬂnp sengesturs Gk fand wdbbrt cunl:rbl[leldgayl heqmngd:kmmﬂzt gaises

ted
coft B SRl 2 Vo AR W o Pt PGS B SR
theé@memwrn aentighpiogess biethe yenling ofil 12@t€\¢1| in the taupetealank.n any
one branch or individual phyto bag. Flexible and solid
pi pes are used according to pressure and suction
The egjimune HEwemsti Bngmior peahfagmingis beiPieet 2t ddgrops Cleies mde
30 BQg?ée@ @eﬁmg 4 oRRAHAN p&ﬁt@, b ﬁ&gre\% bisiffanld 3§ qt:gE%? 'deh:

t anks be such that maxi mum st

Ofdsbwu a8 (id grities]l pointgheting gud mh@ w&s paadhgivpesas ar glterrmwg tq s

ten?ﬁ’éﬁ't@é’ﬁ‘&s bYhdi®ire te@btnbm JpBGredatFilave BY¥ @Apah(y tb lﬂ@at on one
nperature tank via float val ve and keepi'ng phyto

Sldb a@ge SoRing om e e %so Bversing pojanyy hgating g0 erplipg @il occur

in®edtd i ng tank bel ow the water |evel of the phyto bags.
Control valves are used to allow the delivery of algae
fromphyla bags in series and operated by tiners.

Th@@‘ﬂirrﬁhelé/plhébﬁfonaiaeslﬂly%@s b iAdbhRVLHTR ghidpdsitionad directly

arv [ st em back to, the ags .and are
ot SRR S st g STt dlese aR AR 1% e
mfﬁ\ycﬁlt l®gﬁt aaﬁovﬁhomﬂ réqiréd gddee Sndrgy a’dirdlllihﬁmhﬁoxi betiphts.| Tad

l stem ich uses r s op a
sty dore SBET L Poslihee S S a3 f nik PR G
adgnnecslbmrknfanmﬂathegladg rcletiv:dadatiod c&ftlsajslmmﬁ@lsyéiemrtb el ey ng

cat qu
n@'?)n olf ¢ ma eglap ! ;Lﬁir% H ggngl-[lg%g% P]QEWBO f naUOJg aF §$ﬂtu% %
260 hxmosu p'itbdn bp)srgmg toyickatire of 24 teelOdiegessdCdisig. and lhe power
t |i vered to a 10 drying bag froma
1w%§§ﬁgﬂygﬁ%8§tﬁ%ggsfnto t hat bag by positive
di spl acenment punp. Mist gas is extracted by bl ower

Sofa¥ %Ja@p}l&gﬁ% ﬁsﬁ %sgg ﬁd E%%{:n'@ cudecﬁ'lua%s %]éﬁ'llﬁ%a %Epa@ﬁ’ys h[§ td &

connecte a heat exchanger heat exchan?er
degreescstsiiusd The osindieas carsksupeyered Bihesd orchpiges onbratisy e
cotefddtd PhStMb&atu tmndensed by the head exchanger and
piped into return waterline via a non return checks
valve to the cooling tower. Drying gases 15fl ow back
b BhohSt sp e AGkechd@libgogONpl ele the cycle. Heat
i S added stemvia solar infrared rays sourced
ff(ﬂﬂqqﬂ$3§ﬁh nd el ectrical pads placed underneath
ds yigreLilpegsonmsooReeened by the hybrid energy system
20 The concentrate ' remains in the bag as a full fat
bF o8 BIHWERE | air expel l ed fromdryi ng bags by
shutting inlet valve and diverting air to atnnsphere,

ai.n ated ste bags r en
g B e s PRl s Pl PP Bl i 8 By
bagreid ia3Eties df shapmBiktipld at(abprbxrﬁiatelysBS fucionp dg lexgthil.cﬂr ﬂlﬁj:ag 25
Exanple 1. In one particular exanple of the invention
the al gae used is of the species Natunchl oropsis
Ccul ata. This includes fqgtures of a nonnotile
greeni sh col oured cell h flagella a snmall cell
4-6pmin di aneter.
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30 Cells tend to float in culture and stay in

suspensi on w thout aeration. The required grow ng
waeondilsizens are: Tenperature20 - 30C WO PCT/AU2008/000845

2008/ 151373PCT/ A1J2008/ 000845 Li ght 2500 - 6000 Lux

5 - 8.5 Salinityl0 - 36 ppt The nutrient
Ther @éfmm@ REpEgemisachieyefhNEg-Phy's @agrﬁavmg oRpganpegriersging ghe

Q -t 1 O C ) [ ALY)13
toprEEé b tth:n&a El[rf Ce ﬁgﬁgw th &Q ol %IE dlsBﬂakgk ]r’gtéh r@ g&fl& mzlﬁs% n

systmzc@n be eﬁ@h@fl fapthe Rmsm@ g 1o H%ﬁact@b c?fgvrsssedl@fztoredl 0

in @k dgen receiving tank for use as a combustion source ot otherwise as required.

An air blower is allocated to each branch and when required with air filter to inlet of

blower. The air blower enables circulation and agitation.

The fluid transfer systern comprises:
= Pumps (Solar AND Air Powered)
* Dedicated Pipes
= Flexible AND Solid Pipes
= Positioning of Tanks to Maximize Static Head and Assisting Fluid Movement
= Control Valves

A solar powered positive displacement pump is allocated to each branch. Pumps are
allocated as required and dedicated to specific tasks and controlled by clectronic
switchboard. The task can include use in settling, flocculation or temperatute tanks as

well as a holding tank and cooling tower.

Dosing pumps arc used for controlling liquid and gases and are operatively controlled

via tirmers.

Dedicated pipes are utilised in order to eliminate cross contamination in the event of
viral outbreak in any one branch or individual phyto bag. Flexible and solid pipes are
used according to pressure and suction requirements pre and post pumps. Prefcrably

flexible hosing and snap on fittings will be used.

Positioning of tanks will be such that the maximum static head is achieved to
minimise pumping tequirements. This is achieved by maintaining the water level in
the temperature tank via float valve and keeping phyto bags and constant levels as
well as having the settling tank below the water level of the phyto bags.
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Biotin 1.0 jig/1l 15 Thiamne I-1Cl - 0.2 ng/1 When CO2
is used, a commopn practice is toinject intermttently
wQIg08g5371 i mer and sol enoid val ve to mai ntai n pé1/AU2008/000845
between 7.5 and 8,5. Typically require 1 - 1.7 kg of
C®2 to produce | kg of algal bio-mass. 20 G| content
CogfrolNehisd a1t Wb issitiowi the éeiwery 68 algas e PP rgs)in sqffs and
Opéﬂdﬁélby sﬁle%c tb@@ol %w@d ﬂﬁﬁoﬁéﬁ elaliby RAGNrbAGARLAIg Witdm
ener a be i nfl uenced t he naturally occurring'
bay ‘Plﬂ%_ﬁtR}"Y%/ aghndiprecsopirelipd bi/ g‘?ls"ﬁ&e 'B¢H account fact or s
such as oil yields and ot her desired propertles
Al gae Recovery and Algal O 1| Extractiaon Proce ‘Q&P
Thethyedepapteat &afeﬁefveﬁrﬁés'm“@a%l*wgre@ﬂ%m 7S thetl B elgardekig ng
syﬁénlq Rhidhi @ksesonagsfn(cjgf l%aéé geg sxlhgle \A\&%&gm The Bag»Na@&l%mgﬁﬁ&é
sol uti on rom sel ec ves en
rep1a OGO oSBT G O CLTb e o iaon (e
fa:lﬁanaxk:qah?d?y aﬁ ?orﬁanﬁfeahaere@ intS amnhﬂg; by ﬁ\cbﬁtybllsemd ity
vesse Sutfic Si r the fa .questi on.
s ExpplrdaD i o At s Bees By ofte ot i dTRHEH ¢
drihg bﬁgafrmnal W@aricAnpé patpaldni alink bag B')hposuma dﬂplacea:teat pungm

this i. d tl
M T SRR D BB Dby PR Foa s o 51
cohﬂecaadjthrsughch heat qzxx:hmgttre Thel hetahefchmgtltlb covdedaliven water source

¢ :

rGRRESALIANL Bl AL S BLSE P e i

mtoet:turrmzdcmm tihe nbmretnry pheclseraiye kcathe p@lma tiwer.5Drying gascs
&a%ﬁﬂﬂ& ¥ S Jrﬂiﬁ% éﬂr}‘éﬁé&h@@%kr&r& ateps coul d be

Ieved throu ed decant er

centrlfuges or disc centrlfuges When sufficient
HEPRCERLS & ?ys’ceﬁl ﬁ%&@f f?x@rm‘e& rdys sBﬁr@é&S@&ﬁ bgdsuh %151 Rigctrical
processi ng pl ant el ther via trucks or pipelines

padeplagrdivaderagethedrying bags duso P?WF@?WG"B faobﬂs&F@easy optpm.
Extraction (Wt Extraction Process) The concentrate is
unl oaded into a_ s orage or receivals tank. It is_ then

The; toResURS TegaRs Fetic 818 65 2 Btel! Piamass with sihaip gxrelied from
dryfng Bh AR hESS Bllet aalv@msw&ﬁ@ alrfio %@;ﬁﬁrcosgaiﬁﬁ%&dw

to aid in the ope t he cell and free the
mB?r' sYStP R Y bags agc %‘1@ gﬁlgeﬁted and flat packe w;] {ransport. Expected
maximum dry weight of blomass for bag is 15 kg,

Example 1.
In ope particular example of the invention the algae used is of the species
Nannochloropsis Oculata, This includes features of
* anonmotile greenish coloured cell with flagella
= asmall cell, 4-6um in diameter.
= Cells tend to float in culture and stay in suspension without
aeration.
The required growing conditions are:

* Temperature 20-30°C

15



punped to an extraction vessel. The extractant is then
added to the algal concentrate and agitated for a

w@ersasisvo all ow the reaction to take place. TPREI/AU2008/000845
oi l /extractant m xture is then separated fromthe 20
remai ni ng bi omass and water either using gravity
settling (kigharati on 268%eb)00dmuxcentrifugati on. The
oi | / ext r_ac%}ﬁnt m xt ure7§_58§hen punped to a fast
distillati col um whére the extractant is recovered
and t he wi balingyt hen sdft-3@prt he second distillation

.~ COl U for . acid separation. Desirable

rhteln}lté‘fnf/gee ul”&'f.éghgs%%t to Modi esel plant for
transester NaNQat i¥m¢/l . e. bi odi esel production). The

extract aptN:' geHeckabppd in first 25distribution colum
and returned to extraction vessel. The underfl ow of

t he sepat aFiwpnEPddsel0 ®@lt he di scharged bi onass from
the sepay aficif Sobhgpasent to a drying plant to dry
the biomass tor use as an aninmal feed additive for

i nst anr e* (ICCh-drHWEY settling vessel was used to

recover {heyugbl /sed L axiostagmi x then it 30 is likely
necessary to have a second gravity separation vessel

in order ™t &nFOndF® n@-UfBI¥At of water going to the
dryer). «l magdibhen,0a%e spachani cal pre-dewat ering
using centrifuges or filters prior to drying WO
2008/ 15137%?‘&1‘3’2008/ 000845 nornal |y has advant ages.
Q her precaiggs- .oalican be adopted or applied to deal

with de-fatted bi ss., _ Pasteurisation for liquid

ani mal feegﬁhwca}ggﬁ'bﬁ'auﬁﬂgesti on for nethane gas
wer due tsived, § thhmegaadtjce isDe irddct mebridtsmttyi ysing @ninef and
so%n%gdev%?ve% mgﬁgin-li)%-[wwe%mj and 8.5. Typically require 1 — 1.7 kg of

CO;y to produce 1kg of algal bio-mass.
Qil content of Nannochloropsis is 31 — 68 (% dry weight).

The final selection of algae used at each location will generally be influenced by the
“naturally occurring” variety in the vicinity, taking into account factors such as oil

yields and other desired properties.

Algae Recovery and Algal Oil Extraction Process

A) Algae Recovery ‘

The Algae is grown in a Farm consisting of multiple bags of Algae in Water. This
Algae water solution is purnped from selected bags (harvested) when fully grown and
separated from the water in a Parallel Plate Separator or similar gravity settling vessel
of sufficient size for the farm in question. The excess water and overflow of Algae is

returned to the farm via temperature tank.
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1, Reccivals tank 30 Metric ton capacity - Hol ding
tank to receive Concentrated 10Al gae Bi o Mass (" CAB"

wo eosmsiazl t anker 2. CAB punped by vari abl e sSpBeriAU2008/000845

positive displacenment punp fitted with dosing device
for PIl control, 3. Centrifuge (Decanter or Separato
The tcongesinaiy Eomxtbie Sspwasied to @ lberokd saptlifipreredt od fo®utatien taplan

o PSS BABD 1, IG5  SRP S 1

cong@nesnrte suinimisx waiss trafsp&edop sThe xecsa iaice e ther dosed to

o oo U 0 R, £ 21 L2

BE EXPLOSI ON PROOF) 206. Algal Broth is punped by
ol . . : r ot _ i
AIPERL I, COTRABRGTRE Thid TR, il A e St
decantrs eentitiyges oaldigarenbygss. from Extract ant storage tank
and m xed in reactor. Mxture then punped to either
hori zontal separation vessel or tricanter .
Wherpeibiiqient gefepnirasesii sathesed & sritagsrodediorihy prosrsiegelant cither
via {rhdis begipMinkdadpertiang okt kivkRe@f f  poi nts);  Tops
(extractam and al gal oil) punped by variable 'speed
positive displacenent punp to pressure leaf filter
B) ARABOA Ex{rbétidn (Wet Exbrbation@roe@d)umm, where extract ant
recovered at the top of the distillation_colum and
Theg gopeentpes fsy pugeded dﬂ{% X S (RS e&to{?eﬁ‘étél y 'Fef
hondgthigedoat freapadoh ahhetrdost irebtathtorese@D bipmssures in exilegadf

)

r)
k

S

ils, then sent to ond di,still.ati,on.col.u for fatty
500§&Sﬁt°saé‘gﬁ’r§ OB e (%etgeR‘ée?H Wk aaf F5r 059 T T 58P age

puniet toseeximaion vesstlzont al separati on vessel can be:

The extractant is then added to the algal concentrate and agitated for a period to allow
the reaction to take place. The oil/extractant mixture is then separated from the
remaining biomass and water either using gravity settling (separation vessel) or
centrifugation. The oil/extractant mixture is then pumped to a first distillation column
where the extractant is recovered and the oil is then sent to the second distillation
column for fatty acid separation. Desirable triglycerides sent to biodiesel plant for
transesterification (i.e. biodiesel production). The extractant is reclabmed in first

distribution column and returned to extraction vessel,

The underflow of the separation vessel or the discharged biomass from the separator
is then sent to a drying plant to dry the biomass for use as an animal feed additive for
instance (if a gravity settling vessel was used to recover the ojl/extractant mix then it

is likely necessary to have a second gravity separation vessel in order to lower the
amount of water going to the dryer),

In either case mechanical pre-dewatering using centrifuges or filters prior to drying
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a. punped to decanter to renpbve excess water (this

wat er then sent back to farns) i. The resulting wet
w@2dos/1s8m to ring dryer where no nore than 6%@PAaU2008/000845
noi sture content remains 5ii. Dry cake is then hanmer

nmnﬂuyhggmo&ﬁﬁggruded bi treated by pasteurization (ie
bottons heated to 130C and cool ed to 30C and packed in

hygi eni ¢ seal ed bags) c. digested in anaerobic

Otheﬁﬁtﬁé’ésﬁds%cé%e%&ﬁéhco‘? Tp%iga ?D%P ("gﬁ} c[g,angggd 65 smakl canter

(expl osion proo % oil) to
dl@tq’ie}“l’%ﬁ“i’ rligidpimaldeeder poi nt 8 above rermve
veXLRS HbIREREHI DY Rethk §hs dre1 S8 (¢ ,,2)0 f ar ns)

Bott ons th%e trea?ed gslger stéﬁ@gggs'oint 8 above 15
I't shoul d be understood that the above description is

Detaﬂ&} BesRFiptien 6%@?bodl ment ?ndhl ncl uded as i IC: ust :r ation
. is not limting of the invention. ear
A-P§§9%99¥94¥N% t he nethog and apparatus of al gal oy
1prmmm @k B0 WidtidIen WpAREST 9Odink Yank t@?ercao@c&%@ema%é% i n
i nvent i veneSs and such variations
‘@g?ﬂ%P§%§88a¥%% %W?H@ d&akFe of this invention as
2d eﬂAm @ﬁinpdal Hyh@naf‘tﬂ)d SpoMtl Pogiti6d @ikgRemef pufah FBFwith ébsﬂrgt hod

rroduction including the steps of:
f?% Sﬁ3ﬁrﬁ to provide intensive growth to supply

3 S t@e&ntnfu@ (Peaungr 61(B“epa~hlgr’)®o fellod ©@ess vatel Bablt RGardlspae
fﬁ%ﬂ%Pé$@%“fe§§ ri énsunllght c. Processing al gae fromA

Wher el f-a Bf the steps includes use of a
5bdtpraigenizdr andyer mlmasemc ok ditteddith parglded plafes kihepd iptbsur@aws
of. n,or air, and

s Fhser L o0BRF a8 Bl iifon, PSR ey 30w
grrefafrero ap Shigpidiyodild processing, a specialised al gae
grow ng bag is used to enabl e ready batching,

ansport and interconnection into nodul ar systens,
B- FKESA&F'}NM@R%?@@B & Mkle MQTQRRETQ BEAXR]. MHGNRRQDKont r ol
b
SopaeI BN el BERIAE (BRI Ll A B Bletde® | |
a W% githrapacity g wenust.on wherein CO2 and nutrlents
78R HRER daicﬁ%b IAwgil xaratﬂfﬁla&e@mta&am%‘mgé QA% aﬁﬁlna&%
) [ the steps

A met hod production I ng
ofreactor Mlxtutc thcn pumpcd to either horizontal separation vessel or

tricanter (centrifuge).
8. Horizontal Separation Vessel (fitted with top and bottom take-off points):

* Tops (extractant and algal oil) pumped by variable speed positive
displacement pump to pressure leaf filter '

= Tops to first distillation column, where extractant is recovered at the top of
the distillation column and sent to storage tank and algal oil is recovered at
the bottom of the distillation column.

»  Algal oils then sent to second distillation column for faity acid separation

* Refined algal oil sent to storage

= Bottoms from horizontal separation vessel can be:

18
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a. control growing to provide intensive growh to
supply starting neans for algae fanning; b. Farm ng

w@b@aeshrom using primarily sunlight c. ProcesBCTIigu2008/000845

al gae fromwherein at | east one of the steps includes
use of a bag able to be |nterconnected to gas or

|i qui daf |RmPedfo dgcantergmepene cgpespapisr (thigopsier dhapgent or
air, and m@@&ﬁhﬁm?he step of processing includes
substantlally full fat production with al gae retaining
lipi d cont eht Thereyltipe Sk sdedenyo 4INgriys g 5robe 88T and
wherein the b@%nwypa@ﬁmMﬁﬂﬂeQﬁﬁmyﬁﬁﬁmbn the drying
process and,_al | owi n .&or ready _transport of fina
product in % fHrHeeks g% s teflisd et ®d 3. A method of

al gal il nrdafeewepastaﬂzmﬁ ereca&bmgnstmatea & 0% atd RoMhier ei n
the bag cgn.be, us s e of the steps and

| e
al | ows fott @%tgpe ?Hﬁ ﬁ%?¥°“ b hod of al gal oi
productcl odigeeaed giabrgbit Oonalitmnmobrmcabiuugﬁ(&iemahdje bag
is.used jn.one of the steps and all ows batch
séﬁﬁ?ﬂ?f% PIPPURRRAYLh ot her to avoid cross
cont aniTopt (solent andalpbiod difillalogal oi | production
accogduy to cl ai %P erein the step of processing
|nclude u%@?gﬂT Vo full fat production with al gae
r et a® nirergovei ggtads watat End witeiingnpaok esfg@d) by a dryi ng
proces ng bag used in
t he 3r§?ﬁ§E8F§%§§§k§ﬁ§Q§t%%%ihﬁmg%%g%%ady transport of
final product in a flat pack of nultiple bags.

BN ol MBI FE LIRS T
inclyded i idlnstestion prlg) Iy renopimbing o the ievsniiamt Cleshyodatioandf
the @m&gm@r%%%@ de Qbéalaoﬂ'\ﬁ%d&h&? %ﬁd'ﬂ%%ﬂ%@&d b#a_person

Pr econc ration of grown algae with a sus ension
skillpghin dhe arewighont th‘fﬁf““é?t’csﬁ atgkyuc tiens Resripglader vathinghe
scopk b%isdn\}%nuﬂ"‘éé%bﬁ@d iPhealfloRthgQfaihfle al gal cells to

rel ease the lipid content such as by honogeni si ng of

the preconcentrated algae in |iquid phase by high

pressure in excess of 5000psi and c. Chenical breaking
of the algal cells for releasing lipid such as by
addi ng sol vent, enzyne protease and/or simlar enzyne

d. Adding extractant for renoving the rel eased |ipids

wherei n the physical and chenical breaking of the

al gal steps inproves the effectiveness of lipid

renoval . 7. A nmethod of algal oil production according

to claim6 wherein wet process

N =]
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further includes steps of : a. physical separation by
centrifuge or horizontal continuous settling to
separate out extractant and oil m xture from bi omass
and solid extractant, which is for later drying
rocessing; b. a first distillation process to renove
Clags ext ractant fromthe extractant and oil mixture

1wher gifiethb®o LAl it prbdudtidn ibligs 8@ sepslotan be
recycl ed &?m%Y %}o%hg % ArdU?&J‘&?'engfve a%&@%h f8! su Au P?ﬁp&éiﬁhg Hkans

i
accor di ng erern cess f
i ncl udes go(r@}gaae TME> a second distillation process to
r enove broRaming algaeifromiusgigypremdrdgsuighbut put ting t he
refined. ap@aésshi Ialéagrﬁd‘mjrt her processing wherein the

SeCoRfledl 139§t | SR ROl dsf%gé lhgha&e%sglcga' 8%,4 Ao be

IS SUl
f at tylteaeqralgctﬁ é& g%ﬁfg ligyid ﬂ%‘f"%of #irleash gne pf dm!i%rt &a. oXygen or

met haid afd wherain ini 4 phrady aifithe sieps of domtrpltgrowing, rﬁarﬁnng and

wher ﬁﬂo@eésﬁl a RhabiAl sbd Xlgﬁé ghd¥ng bePSs Hed 26 'éhilﬂé ready batching,
gro eci al

ar omr?r%bgﬁganﬁén%gcean?% o worats Rt i eh B Pialised
t r an@lge groAviBE bAg & & sAREdlthagrhavingod sementie PAlyanFom lower
wher milet tbheppspeailél uosladmkegﬂewgmm/vaglgmbﬁgoﬂ sdga apatbaglin a

b :
ag Hzﬁlgh{%g%@sn‘ftﬁf Qﬁ@ﬂeirpéO? rand anla&{tg Hd PR efféytl%lg iffused to

uppe ho pronot e agitation of algae in
a ba@‘ea 2g splYHBR-ng position wherein CO2 and nutrients
are nore effectively infused to the al gae sol ution.
2.10. AA@&th@cﬁoD&flgzﬂb@l%irodlldhoﬁlixﬁﬂiuﬁﬁg e sepsof:ding to claim

exoskeler o B nE | F%Mf@‘éﬁ%ﬁe%mrgﬁ 2By startng means
foRalgee

i ncl udi ng 11Pg’ght sources for providing intense
al gae dr oFamyngagak fromnsingwirenarily suttlightel | structure
is readi | prostamisaid ARd transportable. 11.A net hod of

al g, gl B olg lge o?cﬁ1§ gt' néy 1581u8e|salggé Yol E tg be

t he speC|aI|s g hto

al | owt%orgleﬁp &hgaw lwwews oh @ lﬁéstaqns waaqr , oxygen or

st epair,12nd\ whtrhind tlef sedpgal protespingdirchides substantillyg fold fat

cl ai prodidctidpeiith Nalgiterdtdiiing 1HRE dofifent Mg processed by a drying
process, and wherein the bag is a drying bag used in the drying process and

allowing for ready transport of final product in a flat pack of multiple bags.

3. A method of algal oil production according to claim 1 or 2 wherein the bag
can be used in at least one of the steps and allows for ready transport.

4. A method of algal oil production according to claim 1 or 2 wherein the bag is
used in one of the steps and allows batch separation from each other to avoid
cross contamination.

5. A method of algal oil production according to claim 1 wherein the step of
processing includes substantially full fat production with algae retaining lipid
content being processed by a drying process, and wherein the bag is a drying
bag used in the drying process and allowing for ready transport of final
product in a flat pack of multiple bags.
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I. a bag made froma substantially flexible sheet
mat eri al enabling ready construction of |arge

quantities; ii. the bag including a clear transparent
top filmto allow the passage of light to the algae in
the bag; and iii. a netallic reflective bottomfilmto

6r ef | Aanethbdbf aligalodil produdtmnadcgardingrio chémbagr 2vvbereinrthe ktep of
bag b@%eﬁldgqhaﬁdésoapaaathﬁg pfcﬁlhé‘ﬂiéﬂ/@f an%lel With igiddohteatémoved
t he %(fgell’ég Br%n§5%§4 EY % WG?ﬁ‘I‘pOCCSS 1nce}u e neta | c

reflectiv rove sunpé ht and heat
transf ek Prcapceniration ofegravp aigap ﬁmhﬁes‘wa@qul Tapisiye gontent of
growt h. 18t léast80%tad farin akflgembleiliquigk oduct i on accor di ng

]E gr Clr :'CH;‘I bRy bRIaRin tb?tﬁ’é"%ﬂtgﬁ’l QA9 td %}éddgﬁﬁe Hblg %ﬁnﬂeﬂﬂ fich as
' ocel vi ng%?@?g?w% ot ﬂg Berdncpgifited HEHL I kg pded'by nign
simlar tBresaue weaxsess of 40@0psbentbd of al gal oil

pr oductd. oChéagivar BtdaRinigoofihai atpdl2cells o8 rytbssing fipidisuch as by

phyto baga&cﬁ &tﬁ@ént aéﬁzgsﬁxggﬂeégé br ﬁﬁltlgfér?)am‘{e

pr event esca | NC I N et for

al | owi iy éggmlg&‘FP% Lemgyng e Wl??g?cﬂﬁﬁ'df)f al gal oi |

pr odwheteth tlacldtyststahgnd ehemmipaldieaking of henalgalosteps improves the

f urt BfféctiveRdsvdf RgidaenovAar bag having encl osed air
cavity for prow di ng insul ati on and havi ng peri pheral

wei ght s aI I ready | ocation over the
Wher & Heitig %@%ﬂmoaoeégorég}geﬁo &fien BoVstein Wet process
tranﬁlrtlmemchsiasstepsecsf for allow ng ready transfer of

sunl i ghy bl@ysld&? séﬁmtfbnh@gcerm [gQ orluoﬁaéntﬁll &d&hﬁ&% settling to
means. 16, A

i [product ccor di
o ol ai m 19Me 3 rNTEgha Bl EelHy HEaRs A solid
repel s i nf:)ﬁtma@& which is fosslates dryang RIOGRSSINGi |  pr oduct i on
accor ditnga tfiostatistiliatien pfocedsatorremabe tre ckfraviast feom théiextractant
sol ar bagarﬁd&ﬂﬁﬁhﬁ& means limts sunlight intensity

T6 AR PP R inatn BR e RE oy
one of clains 15, 16 or 17 wherein the solar bag
8i ncl Admsthbodrafrudgat ofill grotidtdnsaebendingatoet]sini 6rwhserwet process
genefiinePhciudes fOUESr:Sour ci ng.
a. asecond distillation process to remove mono, bi and tri glycerides
b. outputting the refined algal oil for further processing
wherein the second distillation provides a refined algal oil that is suitable for
biodiesel production and distilled fatty acids that are suitable for food
production.

9. A method of algal oil production according to claim 2 wherein in a plurality of
the steps of control growing, farming and processing, a specialised algae
growing bag is used to enable ready batching, transport and interconnection
into modular systems, wherein the specialised algae growing bag is a control
bag having a serpentine pathway from lower inlet to upper outlet to promote
flow and agitation of algae in a bag in a hanging position wherein CO2 and
nutrients are more effectively infused to the algae solution.

10. A method of algal oil production according to claim 1 or 9 including a cell
structure having an exoskeleton able to hang multiple control bags and
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19. A nethod of algal oil production according to any

one of clains 12 or 13 wherein the phyto bag incl udes:

a. a clear transparent top filmto allow the passage

of light to the algae in the bag b. a netallic and
reflective bottomfilmto reflect [ight back to_ the .
al gamcludinghdeptagnd . light| spwices for mrevigingatintgasenaigact growing
ac cessnditivns pwhéreintthe belcarchee isheadilyrsiackible ndiirassportable.
gases d. and when the top and bottom fil ms have a
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the al gae ofj, cﬁleagtﬁlaa@ﬁowwwaﬁmhlyme%ﬁe@lhdet RlafirfaBenabling

d d_]
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punps and t dhkthet bag Bickidingradelpar transpaspt sop. Alletonallow the
of al gal oil ppaodagetdfdightioahe aligagintthe bagyiamd 20 wher ei n

the phyto b ) ¢
of bags t haffig a?gg#%l? % rE%ﬁt}igg%?ﬁBgi gﬁ"g [ nreggcgl I{Pélhg nlﬁhk ¥ the

conpri se: UP¥ tank fitted with heating and
cool whgremotheoh& lh@$: at begeafoosprant anclativp doi ity beighb and the clear
achi &mﬁ)m&m fopnfilat add thehBéadllie. refléctin bottomuiias ithprove sunlight
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ground tank which woul d be the receival or harvesting
13.ankA2ne¢thodref #lgal wf pratigeionagictorgingda clairor 2axkaseidithgyphydo bag

cl ai fcRdeyaes® thiéthrRYdifinBaghs including CO, and liquid inlet for

receiving water including salt water of salinity similar to sea water.

14. A method of algal oil production according to claim 12 or 13 wherein the
phyto bag includes an oxygen barrier material to prevent oxygen escaping and
including gas outlet for allowing gas retrieval of O;,

15. A method of algal oil production according to any one of claims 12 to 14
further including a solar bag having enclosed air cavity for providing
insulation and having peripheral weights to allow ready location over the

phyto bag

a. wherein the solar bag includes upper and lower translucent surfaces for
allowing ready transfer of sunlight to the phyto bag; and
b. light filtering means.

16. A method of algal oil production according to claim 15 wherein the solar bag
filtering means repels infra red.

17. A method of algal oil production according to any one of claims 15 or 16

wherein the solar bag filtering means limits sunlight intensity such as by
tinting, and printing reflective surfaces.
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nodul ar systemis duplicated according to the nunber

of days for algae to grow to optimal concentration for
the harvesting fromthe resulting nodul ar system

23. A nethod of algal oil production according to claim
1 or 9 including the steps of: a. providing one or
nmore phyto bags having ratio of footprint to the
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sunl BgFaton( mﬁf’mﬁ@gt he contents by the bag being
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19.efl Ach'eﬁl%d'@‘ta%dl %115 ro‘éuctanOé{chfd"ﬂg kBHY ofb o@gi?aiﬁh"s 1t2h§r 13
requi ﬁied rtzl a ‘E al gae; " e. providing f
of sANWAL FthPIP lf'1§_ysubstant|ally simlar to
seavat & dREREI#NSOYEA PPAdilndp sHowthepastgerftlight ta the algse in
t he fam | hedagnanochl oropsi s an i nproved al gae growt h

0ccur's b, 24 bt ARAeALcR4Rltof] AinPLICHEH 1igh BRRRS hedfhac in

to cImm%\ﬁg)ta 9 including the steps o

Preconcen fon of grown algae with a suspension

noi st urce BHiNdnpoipts og ttachumant BOAGcess coplenisaviiirly patbbethe form
liquid b. oﬂliq(ﬁds:@rlgabéseakl ng of the algal cells to

rel easey t ey t et f
t he prglco wthr at edﬁg’l ae Eﬁé E%”nglﬂhﬁ{dqﬁlgﬁ oxygen
pressure W“E'S( &apt uﬁo’%@ﬁ@ﬁgﬂ Ug 36 ffi cal break| ng
of the eal galtipde! flgdf delivent ewesns gednsisiing safc hipgs dnd chambers
3ddlA ng sobé@tﬁuned%ﬁﬂ@ﬁeﬂfag&@ﬁﬁﬁmﬁwégnausnm | ar enzyre

i el eased |i pids
wher ei n’ t% h@g‘ﬁg&ﬁ%‘{&&m@h EI?P%IJ})%A/L ﬂa% of the

al gal steps inproves the effectlveness of lipid
20.enphametidd. ¢f alpphod phdedtipal acbtding dolwddimoh @f 9cinegluding a
9 or pilhality 6 PEYtE Bafd R dredit HREalSd RRAuRE network that will provide a
controlled space to grow the algae of choice and maximise lipid and proteins
production and including
a. atemperature maintenance system
b. a capacity to be linked with other bags via pumps and tanks to form a
modular system

21. A method of algal oil production according to claim 20 wherein the phyto bag
modular system consists of the plurality of bags that are interconnectable and
in addition comprise:

a. aboveground tank fitted with heating and cooling options located an
elevated position to achieve maximum static head
b. transfer pumps to effect fluid movements
bags placed on flat and sloping ground over pipe heat exchangers
d. below ground tank which would be the receival or harvesting tank

e

22. A method of algal oil production according to claim 20 wherein the phyto bag
modular system is duplicated according to the number of days for algae to
grow to optimal concentration for the harvesting from the resulting modular
system.
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a. physical separation by centrifuge or horizontal
continuous settling to separate out extractant and oil

m xture from bi omass and solid extractant, which is

for later drying processing; b. a first distillation
process to renove the extractant fromthe extractant
23nd Aithethod bfialgalvdiEpreiductioneaceortimgad atdimi lsor moludimgthe steps
and gan be recycled to system 26. A net hod of al gal
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bi and trhelghtﬁéhQQfééfogf@mrﬁmft?P%, the refined al gal

oi | f om.f providiig @ hests sontepl Waystem ot sabstentaably controlling the

di stillat{g %&grbg%eﬁzb%aggdcal gal oil that is

suitable for. biodies r distilled.f
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control gewwiraged of paistrliaciudmgiznsiucent and refleetivappiesials;

startiny pReiding @puttdfIE®, 4t figveq@iedrateffor piongh af gase;

fromusin ogfdug?rﬂdv% oTU vy dseﬁxmtg fa'ﬁhﬁf«gy HHAs to
ne o

produced rom whereln at [ east st eps
a speci al {%@¥4°h| gae bag i s used to enabl e ready
bat cwhergin upoarisglusion ahalgalmateddrframn theofamilytaf nanekhleropsis an

syst effrovellgad@b®todcifs. speci al i sed al gae grow ng bag
is a control bag having: (a) a serpentine pathway from

|l o nlet to an upper outlet to onote flo
2§gi tgtsm?fho‘ef’} %lgglacépprﬁdw@neagorﬁwgato ﬁgwg Ingf st qﬂ%ﬁe steps
and éfH) wherein CO2 and nutrients can be introduced

into the mgorwaﬁ&ﬁmﬁ SMRYwAR LR aERA® aesfufsﬁéifsiomhaﬁsﬂum éb‘i@éixt of

as LQ%?L%@F%?% S?%aeﬁowﬁfelﬁ ﬁs@eré‘%ciuf’it e

dr awi né"s bysicahbregking @f dhe gigglagellg, tq re&ﬁaéqj lipi¢} content such as
subst anti bly hgrmagerimnga bvhHitrefprendasatddodgacnint liquid please hyechigh

to the drauwdiesin excess of 5000psi and
c. Chemical breaking of the algal cells for releasing lipid such as by
adding solvent, enzyme protease and/or similar enzyme
d. Adding extractant for removing the released lipids
wherein the physical and chemical breaking of the algal steps improves the
effectiveness of lipid removal.

25. A method of algal oil production of claim 9 or 10 including the further steps
of:

a. physical separation by centrifuge or horizontal continuous settling to
separate out extractant and oil mixture from biomass and solid
extractant, which is for later drying processing;

b. a first distillation process to remove the extractant from the extractant
and oil mixture

wherein the extractant is recovered and can be recycled to system.

26. A method of algal oil production of claim 10 including the further steps of
a. A second distillation process to remove mono , bi and tri glycerides
b. Outputting the refined algal oil for further processing
wherein the second distillation provides a refined algal oil that is suitable for
biodiesel production and distilled fatty acids that are suitable for food
production.
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27.

28.

29.

A method of algal oil production including the steps of:
a. control growing to provide intensive growth to supply starting means
for algae farming;
b. farming algae from using primarily sunlight; and

c. processing algae produced from step b

wherein at least one of the steps a specialised algae bag is used to enable ready
batching, transport and interconnection into modular systems; and

wherein the specialised algae growing bag is a control bag having:

(a) a serpentine pathway from a lower inlet to an upper outlet to promote
flow and agitation of algae in the bag in a hanging position; and

(b) wherein CO2 and nutrients can be introduced into the bag whereby
they are more effectively infused to the algae solution.

A phyto bag substantially as hereinbefore described with reference to the
drawings.

A method of algal oil production substantially as hereinbefore described with
reference to the drawings.
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