ﬁ‘\ﬁﬂﬁ’ﬂﬂ?!@]ﬂﬁ'\d NITIY lﬂﬁ?ﬁ".‘ﬂﬂizﬁd

FBMMMTIVLRLUANY Tl

mﬂmzdmmuhuﬁﬁﬁu Botryococcus braunii RULNRNIA I
d//L/ ¥ o
£ photobioreactor iWWanAaRw lulafia
Mass cultivation of Botryococcus braunii in photobioreactor for

biodiesel production

NN \
RALTANAN B o
.?@ﬁ{.\l@‘s - &
3@\ "-?)3');,}313‘ o™ /

ReH 36 3. gidal 1Faadayanl
ﬁ\’/ LN an-a3. Yizana Ainaval

255% HA. A7, NTANE WNWNT b 12934050
myny. e ——— .
wunzidou 140082 d
?u.xéﬂu.’{l._.@.lﬂs.%@ g s o 5.4

CRITN) #wIWIRBIINWILL szamuHwAK Uszaitleuilszann 2557
anzinaluladnisinsas

aoninnaluladnszaaainandrqammisaianszio

e = Y o Y v - =2 & 1 Y o v ¢ v v
nansiiluwenasianubidwsunisldnuinensnwiwingy leygnbihlulduselovinunisan
lidnsdilagisdu nneinudilusnndadiion wazaesanddadvetenarsynaseiinisiluly
This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



swmumﬁi’uaﬁ'vaugsﬁ

& & >
NTNIELRBIFE IR IS INY Botryococcus braunii WLUNRWAIA IWTzuY
. o A 3’ o
photobioreactor Wanaaeiwlulofia
Mass cultivation of Botryococcus braunii in photobioreactor for

biodiesel production

3. a5, g \Taodaiysal
=
W, a3, Uszaia Asmvag

L A
WA A7 AN NN

Té’i’uquaﬁuagumu’n"umm'&muﬂszmmuu'uﬁu Uszatloutlszanoe 2557
anzinalulaiinisinsas

aaninmaluladinszeaunadigammisaiansaid



P

Folnsems  msizdesamiediiu Botryococcus braunii WuusvisaluTzUY
photobioreactor Wendmiviululefiea

uvasiu Rusuussanausiuiu Uszantaudssana 2557
Uszdntoudssanm 2557 Swnulufildfunisadusyu 550,000 um
swevnanimsie 1 U R 1 manaw 2556 B 30 uenou 2557
vmtilassnsuazgsaulasenside  sa. as. allingd Fesauysal

WAL 913, U238 AINIMaN

BiFl. A3, UEUNE WAL
audvwmalulagnsedadniwasdssas anznaluladnisinues aardumealuladnsaaung
WRIAINTET

UnAnea

AsweResEeddasnwain B brauni TuiesUfiRnmsssuiiieuiuuen
wesUfiBn1suuvaminalussuy closed-photobioreactor KamSANEIMUTINIZMIIEL DS
luesufiRnsiiinmsmuauuasedudeidas 20 42l gaimgl 25 ssrwadea dnisliernia
595uA0 eueiinanindania 0.66+0,03 niusedns ludu 27.81£0.09 Waesdud uazanns
thnwsidssuenenfjiinsuuuliiauauas gavgll Weimeund awseivandaduna
0.12£0.01 nSusiedns luy 2066:044  Wasidud drumsiwnziasdduszuy closed-
photobioreactor dlkUUAD WUUnY WUUABLDY uaswULAsHBITas wudmsmIsEsuUny
MhnanBndanageiani 6.8540.05 nisedng dunsmeifsanudededsuinallufuvay
wananlulugeilgnie 45.79+5.02 Wasidud war 15.463.95 niudednsdotu vlnnsaludud
wuwnnigatuaws B. braunii wigdedluynsyuuiie palmitic acid duaameiivde
anmsatanuiaiilusiugeds 30 wWesiBud uasfmdnaslsiaduasunlsituandogluad s
vildaunsailuldduingRuumastusiudmiuomsdnil dedsanunsonseduniuiuldde
dunswismhiunnawheaiondadululefiwanuiausawdsldussan 80 wWedidud
FsnuamsdnsudaddfiulidnnnmesdesoniecfiAnisunanzannsaiiants
wWigiuTnuaglofulidmuiimamsdeuuudeidedinandaluiulfgeiigalasnniinig
wneidsdluvesufoRnisi 18 wh

[-] Qo ) s ar as !
andndy : Tunslerenda vinai, lady, nalediy, luladiea, Mmawisidesssuula



»

It

Research Title: Mass cultivation of Botryococcus braunii in photobioreactor for
biodiesel production

Researcher: Assoc. Prof. Dr. Suneerat Ruangsomboon

Faculty: Faculty of Agricultural Technology Department: Department of Fisheries

Science

ABSTRACT

The comparison between laboratory and outdoor (closed-photobioreactor)
cultivation of green microalga B. braunii were studied. The results showed that the
biomass of B. braunii cultured in laboratory with continuous illumination at 25 °C with
ambient air-bubbled was 0.66+0.03 g/l and 27.81+0.09 % of lipid content. The biomass
of alga in outdoor cultivation with natural light and temperature was 0.12+0.01 ¢/l and
lipid content 20.66+0.44 %. B. braunii cultured in closed-photobioreactor with batch,
continuous and semi-continuous showed that the maximum biomass was showed in
batch cultivation with 6.85+0.05 ¢/l. The maximum lipid content and lipid productivity of
45.79+5.02 % and 15.46+3.95 ¢/l/d were shown in alga cultured as continuous system.
Dominant fatty acid content in B. braunii cultured in both indoor and outdoor was
palmitic. Protein content in residual biomass after lipid extracted was 30 %. The residual
biomass also contain chlorophyll and carotenoid, thus this biomass could be used as
raw material (protein source) for animal feed which could enhanced immume in animal.
Transesterification of lipid using 0.7 M NaOH produced 80% of biodiesel. The results of
this study indicated that outdoor cultivation as continuous system of B. braunii could
increase growth and lipid-productivity. Lipid productivity of B. braunii in continuous
system was 18 times higher than laboratory cultivation.

Key words: Botryococcus braunii, lipid, fatty-acid, biodiesel, closed-photobioreactor
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awBnninsmziaeslussuudefiivsuastiuie 2 wh wesliidgmunns
Vulewwesdmirewinduluntsinag dos Lwii‘]zwwaqmﬂwwtgﬂammﬁa’LuisUU
photobioreactor A8 syvinmawsissafetiasUSuaeendauiidetuainnig
Fuaswiuaswesdmirsaziinsiiiugeausradusunsedeamite dufuiafestinng
sanuuuszuulannsonugussiuiior uazsandaulussuulfedluseduiiliiudunsie
Aegmerdaiiinisinsides venanildeiieteifesmisdduniseanuuussunling
anmeflnneaudensaigiulnuesavonniign 1w uas s1memns msueulasenled
uazgamgl Fawseudasvdniinnefmnzauunnseiy
sufunsAnuadiiffeilinguesasdifiessnuuussuy photobioreactor i
wanzalumswnsdoeuseiituria Botryococcus braunii (strain KMITL 2 Saduane
wuﬁwgwmwnawwuﬂﬂ e lilfnanangeiian Tnssonuuussuuliinamuisuvenh
Uinmansemns ey miueulasenledfungan uasannsorruaunsiineandiay
duifusenanssuy wasvmsanisilulefeannamiefimneduds
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1.2 InquszavAvaintside

1.21 AnwrgUKUUTBINITATUANTSUY (awm qamqdl, uds, Wiev,
arfuaulasenled, sendiaw) uazeun photobioreactor Mvmzanfun Wz EEME
Botryococcus braunii

122 Aawgluuumsidssamdie (fuisndude, dedes, Aweides)
wngaslumsBesamine Inevildamefinandnluiugeign

123 udmhdfululefivannameiniedssanssuy photobioreactor

124 Anwummansiireadameitumsasaitunnlduss v
u (Wowmdeseamiy, undsanseenguismsdanm, ownsdnd wa)

1.3 YBULYATRINTIAE
adnsgUumgAssuBLUY photobioreactor TuATmlitisandt 1000
803 uasnARBNEENETIIE  Botryococcus braunii Tngwiiavinnisasuantadasin q ves
sruulvieglussduiimnyan lidudunaedaamine uagvsuiuunsidesitamdeling
wawlasiugean ntuinewdntidululefieasnamdng

1.4 FuyRFININI
a8 Botryococcus — braunii LfJua’mi’lﬂﬁwﬁmﬁ‘ﬂﬁu'lﬁgwulﬁﬂaL?&Jn’h
“@meiiie Wunmsseusuaniniedlanilesmneaslunistunadaivilula
Agminiign uwitynitwudeamiedadiwundedussuulialien Fasinismedes
Tuszuuladeasldnandnils Lasaieiuguedazussmadinaudenisaniglunang
inziesiwdoutu Ssmahmanannznswsiissdimnzauaseiusienlsly
Uszinalvaios

1.5 AMEARYUBINITINY
TuvSlamemda U1l Tudty, nealadhy, lulsfiwa, nsisiaesssuuln
Botryococcus braunii, lipid, fatty acid, biodiesel, closed-photobioreactor

1.6 UsgTowifilanndnaslfisu
1.6.1 fmiAyns
\Wuesdnnulumsidedmiuiniduindy 9 delunsiu awsheine
swAmduana e mawsdssamEslussuula
1.6.2 dnuiAsugia/mdiud
§szuunisinisiBesdmineuy closed-photobioreactor  Mianzaly
naviesasne B, braunii uasamnIameLNTsTUULaEUadad o Mmnzanlifudiienls
Tunsiwsiesamsedls
1.6.3 8u q aunsosdetudn Whiuiniteifanudfunsmesifeamhe
nandniulafigaanamsng
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a E aw dd Y
HUAA NHVHULASITUIIYNING AV

2.1 WonAedanm

msiftuturestszeng uasnsfauaasygia shlddanudesnislunisld
wiay wasuvasonnslasnumiiutu uvdadsnuindiwiu diullnndey Wuurds
w¥snATUSIasAn frufusmiesngs wesnawlviiuadmsuinad Seua
fon1sLinN1IzL3aUNIEAN (green house gases) \flesanniinisuden CO, SO, waw NO,
Hagtuundandsnumadentdfuanmavladuagiuin uasiivatemaianiandsy
Tindes uasening lalasiau ey uag biofuels (Patil, 2008) Inw biofuel 1Hundaandlsd
9ndelFin oredlugUvowds veuva visuna

#8314 biofuel — undausdd a.a. 1990 TneldunannuBnnanian1snuns w
Tudadu Amssuil 20 Wlethiutladeusangnas ammilealu biofuel Seanas ududsan
Tufldunnuauladnadansedamauitymidedanteuainanzteunssanuas g
mnaitusnurestinaiden fufilutegiuddliimeiunndenlimgaumninnuas
\uunsaudn biofuel  udeghdlsimunsldniananisnisinunsundusagaulunisnén
biofuel  duldFunisimndinrsalluvaadu sedquntsléfuiivimannnlunisugnite
nurdnsavaesiatulidniaiy Ses fralwe du uduldiduingavlunisuan
wanfasstvieemsdmivaywd deTanfudwnuanngniudsuluiiu biofuel wiu Favials
neewEnasidmiumsUsTantewyudgdy usnandulumedunedan biofuel 2
wliormaszantuslaifieuiuatunsrniviiamiviusssun - winsvuasadu biofuel
fomstfuieanmduniosasmslifinnumsitorasoafaliiiaeladutunn - e
i egnauysainaties

2.2. Mmsdaassinsaladuiiwulugiwsieeuindn

amsenaEnasaram s ius wnsasauneluadldlaeRntulunsd
flamsreianamuaten Wy anensesgiuiasadluens Weliamisasannanie
windeudingn amsneesiinalanielumadlnadsuemisaananuatuihuleraray
Tuduifuresmainmeluigas (Cytosol) TnensvinuesnssuIumsifesede Organell
2 fhfe Aaelsnanaduaylulnasumaie lnofinaalsnaradvimifadistiinia G-3-P
(Glyceral-3-phosphate) 39nnszuIunsdATzikaslasiutuneudraqliun n1sdie
3idnmsau nssurunseiemiveulasenluduasindnnaiu dululnneundseziudey
ihana G-3-P (Glyceral-3-phosphate) 1{u azdfa-lawe (Acetyl CoA aSeuiatiouansi
Fureansduasevinsaluiulpeflatsieiusiufie NADPHT  Wadanisadnensanludy
meluwdnsnlofufand19esufity G-3-P(Glyceral-3-phosphate) devimtiudiiiiu
wnUNaNdmSUNITasS Triacylglyceral(TAG, Triglyceride) ailluansiaiftansaduluiiu
13aunaa Biodiesel Auriaisle (Zeng et al., 2011)



ninleiuduansduvidussnvmildensaluiiuanunsoutseenld 2 Ussianite
nanluubusuasnanluiuliBusa nsnlutudusa(Saturated fatty acid) e namlusfudl
Wuszssninafusuessenluluanaiduiussifes wagliauaniulelasioulddn slgns
v Wiy CH,0, BAnnunadios Ldviujisendueen@iau ilaldidansiufiuiiuein
pendiau (lipid oxidation ) was n3mluulaiBug (Unsaturated fatty acid) fe nsalusfudis
Wussgseninaiusussmerhiliiana 1 Wussuieunnit Tnensalusulidududseantd 2
Usziam Ae Monounsaturated fatty acid 1funsalusfullaifudfifiviused 1 dundeuas
Polyunsaturated fatty acid ifunsaluilsigusitiifuseaiaus 2 dumisduly

nsnlatunarTriagylelyceral  (uansfwadanuswaisoairdaenalnuas
nssuunsduaTeidanalndisquandunmil ez 1nnsfinwues Hu et al. (2008) 16
sfuenseundaassinsalutulugadamneld Tnasuduasdiduie Acetyl-CoA Fuily
asiildinanmsliivasauaionelusad S Acetyl-CoAssgnitaeuutasinenianszdu
vaeulviviareyidaliin

1. Acetyl-CoA carboxylase (ACC ase)
Matonyl CoA:ACP transferase
3- ketoacyl ACP reductase
3-"hydroxyacyl ACP dehydrase

AR

Enoyl ACP reductase
gevnenawaniildannszuunindnagidnsalusuiiimiueu 18 exnauuay
Lifussaluluanads nalavimndunnifeduiinaslswaiadvesaadamsae uiluaa
Duswduilevhniereduinvesnsaluiumsemserinadnnuintnsalutuiiaifuey
wnndr 18 szmay  Snsiedsiinsalefuilifiuiusedvainvatenda anntsAnwves
Guschina and Harwood (2006) Idesuaglidiavseaunaiinaansonsalusiuifsum
ASUeUNINNGT 18 esnexuasiliifiniuseeliaInnszuauns Elongation dagnssuaunis
Desaturation Iagnssuaun1s. Elongation Ae nsswiuMIlANaznauvasansusuadiufias 2
aznoufleliaevasnnluiuimanasmnadumsivimihidunadissnauvasaivey
TuluanansalasiuAe Malonyl-ACP (Hu et al, 2008) dunsvuiunis Desaturation Ao
nszvaunsitibiAmiussdluluanavensalatulasfsesnauvadlalnsiauaanantanany
1nnwdl namludfy C18:0MIUNTEUIUAISATYUINATS - Elongation  WAZAIZUIUNTS
Desaturationlmefinsifumsveu 4 ssnaullassiufiniussddl 6 suvisdeed  anuay
ozaeudl 4,7,10,13,16,19 awdidu sagaviheidedwduneureqindranamiesuindn
agannseasiensnleiusrsladn(C22:6n-a) eluswiituansiuqasluadiilor
Thinndnfusivaddonisdumildundasusimintusasiuindauddguindenis
nanlulefiwadanamsngvuinidnie Triacylglyceral
nsalafuiwuluamseadnuiasainadiumeluead  Tnalpensse
auautAves lulafwaiindnanamieruiaidn :1nnsAnyues Moazami et al. (2011)
Inanlihamheiivinunsaluiulemdn (€18:0) Tuwadgeasdmarlilularivad
arsvinzalludiemdsdiiunisruuay ewmnnsalefilendntvdieiiunrwauise



aaa (v

msdedumainugAeniusendiay (Oxidative stability) Ssazdmaneqauantinaniaw
uazniivadiulofia uenanildetvanen qmqmﬁu’tﬁniaaﬁqmmﬁﬁﬂ (Cold filter ptugging
point,CFPP) daflumsifiauszavsnmnasldiululedwalufiuiifiduaanm higlule
Aeafuiarnamdennadnanalinulneniulinndy sndeidubnuasetn
vaansatusiuluamismundndsdmade gauasuma Armunie Ardwu Fududdly
vanquamvasiuledwadnie lulswdisdnisudnluledwaidessylinsaludiuly
amssrunadnlimstifussdlumeiundi 4 sumis denuaiesvesthiiufioa fudy
winmsuhawmsernadnnguviorialailussiusenaunsaledundndudilaezanse
YiliEuan wanlulemealdienniy

2.3 psldamsreduuwvadlulofiaa

msiinlureszeng uasmaRamaaTegha vilFanudesmslunsld
WEW wasuvasewnslagsnLinty undwdsauand iy difuliasden Duuds
w¥suftiiUinadia fauduiseesags waenisiludivdmdsnuivad Seua
RensiinanieiSaunszan (green house gases) \leswaniinisudes CO, SO, waw NO,
Hagtuundawdsmumadantdsuauaulafuedmn uagiivaremadeniindesny
Twaded uasonfing lelasiau au uag biofuels (Patil, 2008) law biofuel uwdaauilé
MnAsiTin eweglugivsds vasma vieuna

#5imsld biofuel  ndaudd e, 1990 TneldunamnuinravisnIsnues us
Tty amssnd 20 Wethiudlndeusiagnas snudeulu biofuel Swaaas udndsann
Tuflasumnailadnasansedoenisuttagmidsdandounnanedeunszanuazigm
nsmitururedinaden fufulutegiudddinaiunnidenldngAumenannuas
\Huunawda biofuel  udedrlsiaunisldndananisnsinunsuaduinghulunsudn
biofuel - ful#sunisimindinsalluvared fesunsliuiiuiunannnluntsugnite
swanAnsanarevdaitulrduditu Sos d1alwa du dndulfidungiuluntsndn
wAnfausivieosdmiuinged WeirgAusunngniudsululy biofuel uwu Jeviilk
srwesdndasidmiunsuilnaveaiyuigedy uenaniusluviduandon biofuel 1s
vilfernimazomtudilailunsuatunsenivdaminiusssun - udnssuanediu biofuel
Fomsfwhermiiudowmesnslifvnunsiionaawalfiinanetfiutun  iewnil
wzUgnauyseineiiies

2.4 Wulafiwa (Biodiesel)
Biodiesel Uuuszinnuilevas biofuel FvaglugUvaava luszivanavngsy
msudmhiululetiwadunisihihfufveaslviudnifdesidssneunaafiilulasniie
¢ a 1 ' a P o raaa =
lafuaznaanagadudngig Wy teniueanioumiuea lulsuaiunuvinjisead
4 a o o . . 174 =) ] &) o) (] aaa o a
NIudeawmaIHAYY (Transesterification) lneldnsansamaluduialfjisen taianis
o a ¢ ¢ 184 o o a U v 2 a ¢ o

wiusrvedlnsniivalsduazueansaed Wasuingiunwiuluiluefiaeawmas (FAES) wie

a v oo wa < v ¥ oo
wiiateawas (FAMEs) wazdndiweiuliunanasels Fueawmesiinuaudinmiioutudniu



o %) 1 ) W a R o Va o
fwauniign deffedn (cetane Fdwlinsgaialu) gandnhiufiwa villifiniasesd
msduadauysal ifnarsusunsuenlydtes lifinfuduasdaesineenlen amnsaldfiu

= ¢l e Y o al a A\lu a_ 4
n3sseudmalilnensslifinansenuiunisssudluszenn dwndeiuildannisudn i
2 ") = o a A .Ol Q2 1 d
Wusawasel@liilutngiv dwiugramnasue in3asdiens ddundeiu man
biodiesel  uunsmdemuiildiuarudesnisuasiunumiiddginiy T
@/ %) [Y) a o 1 [Y) a . . v
Uagtumsiunnifenldingiunlildemnsdwiuuyudluniswda biodiesel lasuarueaula
' . ' v Va ° < ]
Wuedhann  Tngawseldiuanuaulaegrs@slunmstundumadenunufiviluumas
amnsidu dundes Udy uazanlum wzdibilinsenudouvasemsuyud wazliuuvas
QU d s a 1 N 3/ A’ 1 Y L4 lo’ L% :
wisuiifienudaenste Wulinsiedunndau uenanlameusiindadiviunaniniuias
Wn wazddunnameamisetdmnlduselevdldnainvaty uanainiidefivesamsiefe
awsandn  Wearesd  lulasiausnmiwde uwazannsamdmeniueulaeenlediiie
wAllgvnnziSaunszanld (Antoni et al., 2007, Chisti, 2008; Huang et al., 2010)
i o & g o w o ? v g L vl v oA o
g dudsziaudrdglunmnihamdemldtuuvaaiiufe feadonaewud
' v U oa Y owyw o Py a A A v o ] v
awdelitueay Aslvuiinanhiuldgeigauasinaaigiulafigeie vdiniufiesss
o = -3 Vv 5 % L] a 2/ 1 dﬁ' Y d %
fianiBnmswnzdedildfuyud wesiaiSnaiunandalitine JaduladeidWeyunn
d ° ) 1 =3 2/
Tumsfiashameuiluivdsdalulofwalddnsa
4 1 ﬂ” [] 3 A [} L7 2 =3 ) W o
Fobseidumanillallddengenn  dudouaudull  Taewuindndinenmans
) o vl P o & | ° a 1 N a ¢
anigeulinladinisAnianareiugavitefianunsathumdaiu biodiesel lalulswdlyd
Iy Ly ) , W ¥ o X )
fdise uaswisdssamsneluvednindelssnu iesniveamn wavlunsniuleoust
z =Y = ) ) '0’ o ¥ 7 +| A s o L4 | =4 o
asvivaeslnfinaidesiousiin drmane windululeffidwmsuvinsuamate Seimah
wisuamsnelndnulssiiadey wagwunnasldiusnawedululefeagiusa
° v o ¢ U Ty 8 .
unnlaldfusanieseuamaa waziniasduleviuld (http://sciinaction)
a . . ] i3 lﬂ’ s ‘!‘
Tnen1swan biodiesel namseuumandasiinsmunusnasgiuretdiud
8/ sl ' @ ' o a -
Il dulunrunadinuansdrsiululusdazn iy iduansgruluaniyowsnn fs ASTM
Biodiesel. Standard D6751 dwisuluglsunenunsgrudlddmivetuwinug (Standard EN
14214) uaglddmiuvedy (Standard 14213) thiuninawhevuindnasudniinsaludula
Ql o ‘J o) 1 ] Qs [} . »
dueengs 7ill 4 WussevEou1nnI1 fsEs nIm eicosapentaenaic (EPA C20: 5n-3; 5
(Y] 1 N Qs 1\ o o Y
Wussa) wae n3n docosahexaenoic (DHA C22: 6n-3; 6 Wuszg) Jswulalaeviluluiigiu

[} L% d (.4 1 I ) [ o
NaMIY nnludu methyl esters (FAME) 7ififuses 4 viseunni lnsuwvasiilaves
- v o . . v . . o v )
4 biodiesel  Uszneusag triglycerides (¥ 2.1)  Ussnausasnsalusiu 3

al - s o . » 5 . .
Tuanaiviniiuss ester Auluanaves glycerol Tun13vi1 biodiesel Wulny triglycerides 3¢
-3 aan e/ a aan . . =) . aom : a
MU§fTe11MU methanol 138nUfji3e1 transesterification %38 alcoholysis Ufjfisaniiazutn
methyl esters vasnsalutudaudu biodiesel wae glycerot Uffsenfiindududunaudsll

o e . . P [ . . Qs 5 [~ .

dUAULSN triglycerides  autUasulTu diglycerides #a991n1ulUU monoglycerides way

gavineaslel glycerol §sUfjii3en transesterification fiaan13 alcohol 3 Tuanaluusa

! oA

Tuanaves triglycerides Wanan glycerol 1 Tuana uas 3 Tulana wee methyl esters

Ufisenazauga wuhlugaamnssumsudnagld methanol 6 Tuana luusarlananaves
. N § [T o a 2| o aaa

triglycerides #u8un1sld methanol  Mnniiunetitoauwilslunsiinufiseiluns



wasulu methyl esters iteiliu biodiesel wanAnuas methyl esters asgefia 98 %sia
Wmlnuasgu (Chisti, 2007)

CHz-OCOR, caayst GHZOH Riy—COOCH,
(IJH'“OCORz + 3HOCH, =—= CllH'—OH + R;—COOCH,
CHz-OCOR, CHz-OH R;=—COQCH,
Triglyceride Methano} Giycerol Methyl esters
(parent oil) {alcohol) (biodiesel)

AW 2.1 Transesterification 9aisiutfiy biodiesel (R1-3 Aanduvaslalasmsuau)
i : Chisti (2007)

LY ' 1Y) A
wananiifanavasawseddiuimalisiu mslulewmsmuagaisesdug g

Y
1

- 5 o o ) d‘ 9 a - . b = (3 -] 7] =3 o nl
fatutiulasinaiiteihuaan biodiesel wal wvastiladaihllanneansueidyas

hY)
(=}

o y £ v o < a ) 4
geBuY 1uasd anseanqranndinm uanhdwivdslUxdandsauduidu v wis
hlvhewnsdnilame FWusgiuvinvssamsisnnadnilihiieslaluasduszneutia
(Chisti, 2007)

2.5 amdrewazarnvuizanlunisirunduunasing
o ] & o M P v dw R ) o
ATIsLaBEIwmseInanansavilade lnuidsenitieiialy Inedie
X o d ' vy oy o a
\Wausenuil 1 1anes @amssrunadnatuisaliingdulduinis 58,700-136,900 &5 &
W misndulsintuld 5950 Sns (Chisti, 2007) Uenaniidianansalditfisanunas
AN 9 Wuveadyangsiadadnd Idunaviriugns wisninihaia uldluansenslunis
‘é’ £ 2 N A 1 v
wglaes (Mulbry et al,, 2008) waglinsuoulasanlanivdesanissmugaamnysuunld
A’ ] A ] L= a =4 [-] 2/, 24 =9 a a‘l’v L]
TussuuimnziRgsnuieiaisimaesgiuln foiludduyulunisuing venainiidadae
witguimsddesansuaulneanleduadlsnugnamnssuliaieg Tagamnnveasdlusyuy
1 A‘ 1 =3 o v =4
YanunswisiassauagaiiisnanUSuauiesS aunseanlauings 82% (Scott et al,
2010)
) %4 a Al; L4 J =Y 4 ) )
avelvandniduannnifievatesiin  (1s1ei 2.4) Teewuiwmnawdne
& o & ¥ o cdv .o’ Y] 2/ llg s 23 a 1
unaniivunanhdulueadfiseras 30 uwminuiie anunsalvindiuldte 58,700 Ansse
wauasrevilel Tasanunsandnlulefivalagedis 51,927 Alansuseisaunseiel Fegandtie
| & o
U Wi ming Urdy dundes va



v
C3

d =) o L 1 1 U = Y o
A15799 2.1 WSsuisuUSunamandmitiussvieamseuuindn fufrurseindldndn

Tulefia
Yiinivy _ Viinanisiu | fudtidesnsly | mswdmlulediea
(L oil/ha nTugn M (kg biodiesel/ha
year) year/kg biodiesel) year)
Imlnm 172 66 152
fanie 636 18 562
A1lua (Canola) 974 12 862
s 741 15 656
ABI 1307 9 1156
Munziu 1070 11 946
Unduhify 5,366 2 4,747
Anulaul (Camelina sativa) 915 12 809
awrguuneLdn (daly 309%) 58,700 0.2 51,927
dsEUaLEn (s 509%) 97,800 0.1 86,515
ausIeuInLEn (hifu 70%) 136,900 0.1 121,104

fiun: Mata et al; (2010)

2.6 msggmams"\mﬁamswﬁmﬁﬂﬁu

n15KAR biodiesel A namsny MldlasnaswnzdssanusielilduSunnmnn
lustuga ntuthuradaisiuesnainaming v‘l"mmwnﬁqﬁ’uaanmnﬁﬂmaﬁtﬂumms
auauﬁuaqmm’m uavu'flﬂmaauiﬂl,ﬂu biodiesel (Mata et al., 2010) awwu*ﬁmmwmu
mmtwm,ammmﬂuwawaaumu mnﬂumawuﬁmww Aewdne umiwmmu‘[mlﬂ
570157 :J'dimaumuuqa wazdiesanisifiuiien T,ﬂawuswmumﬂsmmmmuuauﬂsﬂ‘l‘zmu
g99amITe AundsauuSinaasesiazaniislunisidesansnedis (Khotimchenko
and Yakovleva, 2004; Merzlyak et al., 2007; Mulbry et al., 2008; gilsaii 2549) Inetlade
Afnasenisdesamheiivanetafedetuldud  Yafemsnanm Wy e (light)
LﬂFJ’J‘UE]QﬂUﬂi“’U’Juﬂ’liﬁﬂLﬂi’lumLﬁﬂLLauﬂ’l'itf\]iﬁmeIMJENa"lWi'l‘c’J nsisgLAvlnenagn
Fudanaldunasnniiuld gagiiinadanaasaitlanazianssusieg vesamsie {
nasialasdaivesesilsenounslugadlnelanislusiutaslody Jademand (Jutlade
ﬁlﬁm%’aqﬁ’us‘nmmwﬁﬁmm‘laﬁaami wu ulpsiou Swhiivdndaglunsduaszsiuas
ﬁiNiQﬂ‘Jmﬂ drelufianssunisvinsuveaulesl mvai'mvmm'LuImsLﬁ)uauastsUiunau
ArfusuTunmawny gy aswuum'lusﬂ'ummuu viouth weavleda Aeadaaiu
YUIUNITATENDAWAINU  AVIUN1TaTenTalanddnvesaiusie drviaveanasadalv
Usinalusiiu paslsflad-te RNA, DNA vesaustedifeaunmiruanas drudSunauds
slulawsmasifintiu ndndaslumsgadalulnsiauvasainine drslusuiunisdaase
was aheasvAaslsiladte phycocyanin
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2.7 STUURITWIIREE B TUaLEn
ssuumamsEsE e nnadnianisandeinas Biodiesel Tullagtunui
amsawdesentdiiu 3 Ussnuwdng Tduriuszuamil 1 seuulln (closed  systems)  LHu
szuuiineidesamirensluirataisuielussuvlniiadredu & 52 % Wuszuu
Photobiorecator Usstawil 2 fia ssuuida (open pond) Aesvuritnsidosamie
na1aude szua 26 % frogradusEUY Raceway daudssiandl 3 Asniniwisiies
avsneluuiisssuvi (natural settings) &l 22 % (Singh and Gu, 2010)
2.7.1 msmzissamseluemizdsuussuuln (photobioreactor)

3UU photobioreactor favusndiulumsinzidsamiedeinie
Tusvuu vesamsronadniuszesinann Sessuuiltssauaudidslunssdnaming
mnadnluusunaann (Chisti, 2007) photobioreactor flviangituy WU photobioreactor
wuuvieYszneusinsimifestenielussuadlunuveuniouuass vedwlngviiann
wanaRnudeurs mailemesiaiiteliuaofinddudalaiie (il 2.2-2.9) vietilaealufl
Wusugudnana 0.1 was uieindt WukiugudnansaiivualugidesiAnfeuadsl
ausadesulfundidamselalid ssuvillinssuaunisdeaivluegdailes fns
tloafunaiansnauluvialaeliiidnsmslnaluviegetuvetesalias Tnewadastla Tioma
WUY airlift - tasfesiidiananianuggeIniesnamiefiinisinye uazdesniuau
endlauiiinainnisdunsigives inmesandauitguiulussdudenisdunseiuamas
awield Ansazageandlaugigaiiwadasouldlaavialudaditiu 400 %Busan
oA sanduuliiannsardeudhusananviephotobioreactor stunistnisEssehasd
thahudrgduiinaniing (degassing zone) ilunrsanwasaimeannnsasauyasaandiou

Fansmaaaswey Hulatt and Thomus, 201 1)lgvntmnasaassamse
Scenedesmus -obliquus - 1u photobioreactor wuurielunusuBesdulununuiune
narududune 6 ieudusidinfouiivieuiadeutueney Sdnsiumsomnadulsnd
wasfinsaiua pH Waeiividu 7 wildfinosaausuludiumeaissgamgifiidlunandes
wuiawse Scenedesmus obliquus anunsalvinasdntazlvlulugsaawulufouliguiey
14.26 g /m° /d" uag 1.90 ¢/m’/d

B fresh
medum

Exnquit
Legassng .”-Lk\; iﬁmm ;,.~~~~./>.,.\:’_(~ ¥ :: A "/"‘" ""—‘
colom | - '_ j S e /C 7/.7 //\~ /
s
Cooling / ////é/// //

.._---‘--<..-J ' /
water /,
/ / //
(") (‘\//\.//‘\/ /“ /

I
!

——
s
auid Fhotob:areactors

.._l_

<,

Pump

Al 2.2 Photobioreactor wuuvienewuuiuluiuieu
fivn : Jorguera et al. (2010)
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From
BOGARE)
colamn

W 2.3 115973 Photobioreactor Tukuana
fian : Chisti (2007)

o - ) o o
AMA 2.4 M58 IULLINBUITBIANULUUATUN (LWIR3)
o
a1 : Hulatt and Thomus (2011)
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2.7.2 mswlsufleumawmnidsamiglussuulauazssuula

mMawziaBssEuu YA ¥Souuy Raceway Ideldiusaudansugmansile
Wiguleufussuy Photobioreactor nsiwidesamineluszu Raceway fdeldiusey
Baasugmaniidudaianfodosiunuramisaniiifugulunisdnisnadiniissuy
Photobioreactor #afulun1snanamsieidanisf1ssuy Raceway deuvinlinandnitlad
simeiidindt uredslsinudeider3euvesssuy Raceway Aonsluideuveamsne
sfinduiinelfifannudemeudssuumsidsaieninnisdesawmitelussuu Raceway
Tngvtluifumaidesnieuenains (Outdoor) lalausamuguanmenisimededliasd
KanBRilFRinsEu photobioreactor  dausrunliadifadniie WnanAngs msvuitiou
Balden dndudedtuiiifosmsldfilndifostuludiaosssvy chisti (2007) 18
WisuflunsinngBeamssrunadnssnissuulasas Ueildlunisudnamsreeunn
Enfinamlusaulea 100 #u 2107 2 wuu sieismssda nsldmivenlaeenles Tneuans
Sensnaunauiiviizandmsuninasuas Masnsuaatannadeididwenududuses
awdeiwanldasdunadssuunnelng luguuuusasssuulafuasnsongminiulfge
ATMUUTEUUITAGY 13 i

2.8 Yadeiifinadeniswnadnvesamsneluszuu photobioreactor
2.8.1 uas gaunqi:

amsrgaurnldnaruisalindscrunasdidieadudiiidey
msusulagenledluifiussdussnaumeaduaifiddaiedRntiumeuiunsdanmesiuas
Fo i futhdunstananls fadu Photobioreactor  Tlmansanfensiiunuiduuas
Ve sdemiuretasmiinueAfurslaazATuAvestadlun sduiALas Tnens
nsraevesiinniaeinddefuiiialunsduaseiuasiimngandoaniideiuas
wagluptamizidesagildsarinisedyiivinigedy dufundaluntsesnuuy
Photobioreactor  AglwiiuTiRImnTigasesaduUIuns uazenadigunsaiindaniety
szuulietiugaduuasiazdos dnistemuiinuiaaidseuuedvradeuasansa
Ay aLvasUBnuaudufuiigaalas A newaditeiulunisinsdes
amsedignesnuvunudadesiieg wszuinsveasatanliiuitsiasydulalunis
zdsdausandrstudleiindudauadinetu sdilsiamlussuuiinisliuasedig
saifleslneuasssaumiiinwannsalunsnszduinnnilussuuiifinmsluasesadaiies
Tnauaaiien (Traveiso et al,, 2001; Kunjapur and Eldrige, 2010) udkasiunniiuluaeiils
gamafigy uasnazgaumgiionvviarsunsdianad ﬁ’aifummLﬁmmﬁgaﬁuawammi
\3qiAule (photoinhibit) awseruinEnasgniudsneuaiamuduussgs uazandnm
naieSayiulaas (Chisti. 2007; Kunjapur and Eldrige. 2010) fuifuasiasgnaunaliiegly

ghuimanealaiun viotesiduly

Nawade et al. (2011) sanuuu Photobioreactor lun1sidesavsne
quauin Spirutina sp. Tnouasdundethidu 1n LED lamps lunsduasieivesaiudie
wuhamhsunadniausadaiulaldiluszuy Photobioreactor  TnsARuuadung
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vﬁatfwLﬁul.flusi'zud'lﬁ'm'lumsnisﬁumsw%tutﬁuim wazanusailasunmsldfuuasediaios
fign18 Halusie Tulunaflvansauiian

amstsvuratdnatuisaldndunandidwadudaivdou
asuaulneenledluidussduszneumsdaaiiiddyfedfintiuouiunisdauaseiuas 3q
luliduthsiumstanmld fadu Photobioreactor inzaufensiiunudiuaaio
MIMERMEAIYEAIT NI NI IAR UYL AL TR AR uN ALY Taans
nsznevesiidnnumeninddeuiinalunsduaseiuasimnzandeananittafuves
wadlunisimizidsasilignsinisaigidviaigedy fafundnlunisesnuuy
Photobioreactor WituiiRnnniigadesasidauyinns Ssannsaliiviouiiousswieias
weALnes uenaNiNuiRILasUTITRT WhEnswiAdauesiueameiiianiwalunis
nszouadluiueamasituuva fag mademvasuadumsysudiudeiu Tnodusiy
AUINANTBINBUAT AUV LN TBATARLUA WS ML TR TaAdaaAT Y
uawazmsFaveanTealuninwsEAUATuTEUL kagaatigUnTaifakennelussuy
Wetsgatunaiasaas insdemuinuuauiigssuueswoidouasimingan (nwil
2.5)

AL EANTRIYIN M LTuTugER AU AT IR AR ey
n1szidssamdsdagnasnnuuaLdadeieg insisuenasransuanaliiiiuions
wWigdvlalunmsinsdssiinmuanomeiuilofins duddiasdrastu strlsAmntuszuud
milvuamsedrrileslasuassssumadinsannotunsnssdusnaniflussyuitinld
wasedrailaslABkaANTIEs (Traveiso et all, 2001; Kinjapur and Eldrige, 2010)

Gross soetonvert eal plane TLrERG SPCUOE TONZON 1al aam:

Lght ro Jumntitng gldnd

§~. .Q mdgae

— e - 4§ ; sUBPONSON

D
& e % <
;\O

ght
rochainbuteyg
pale

hgund

fow flow

CONIO 4 > 4

! 4.} ' -
- 3 - 11 -~ _ -
- : a” - P
e i Jish
dorabon
CO,

AWl 2.5 Photobioreactor WUV airlift wanwudmasuuaindeidtaeslunisasauuas
i : Kunjapur and Eldrige (2010)
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A158uAIgBIES (Light Saturation) Hudnwasfluaadudetand (i
11) et iusnnn s yiulng 1wz easTmnagean (U, mssuidouasd
wasiireamieradnusiiniuaeiindssfugegafifntuluiiestu (midday) s
SuidheugsraEmenadnnduilisasnisesyiviasinizanas Sudululdiuas
furnifuluersviatsundiurenead dfunisnduuasiigaiuaisannisiadgivla
UsingmsalfananaFen msgndudeseuan (photoinhibit) amvuadnazgniuddae
uaefiruduuasgedonq andarnasiaiuingaaacn dafunmsgndudheuadsade
nsvhaeesrusenauiiléduaneiuadissdunadiiguiume (Chisti. 2007; Kunjapur and
Eldrige. 2010)

i Mawmum apecific growdh rate

L eape

v
.

i f st Phgtainhiliitod region d
@ Heoo —STr———
o \‘~~._‘
P ‘\‘\\
g TS~
U’ 4
;_i’ uml 5
§ 2
(7]

¢ Light saturabon ¢onstant

s LA
0
Sunlight intensity

o v t o a a ° }
NINN 2.6 NE‘]’lla\‘lﬂ'ﬂill.‘llilLLZ‘NC‘]@Elﬂi'\ﬂ']iLQ?%}!LG]UIGW"ILW']%‘UEN&"MT]El‘ll'u']ﬂl,éﬂ
! s Lo
9311 = Chisti (2007)

Narwade et al. (2011) saniuy Photobioreactor Tunisidssanudne
qundn Spirulina sp. ifdnuazdnwd 12 Aaruenaduas 20-30 uiluuns Tneuasd
uawdethitu 910 LED. lamps  Tunisduasizvivesanine wuiamsesunndnluadld
annaesaAulalafluanne Photobioreactor  wifaaiuunanauasiitaliugizen
WasuluuvdmemdsnuilaunsonsefuwmuedBiluamireaunadnlssnunwesniu
Lauazszesatlifunas Tnsadusasdunavdothduieddmdufiaviuaddl fudud
ddnlunsnssfuiielindunasivansanlunisduamesinas uasarmdeiiiaslunislésu
uasestosiignis  dalusdetu edwlsfinou LED  fuwmBawernsdmediy

Photobioreactor
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fwit 2.7 Photobioreactors lumsiaesamieviiaidn
#7 : Narwade et 4L, (2011)

2:8.2' Jinnugaauara i inun 0 @158 ms

Uiinanvaduaganuidutue @ie s ildmas idssa s s mnndni
waheenilu Photobioreactor finaderananigaignieniae inszUhinugaduazan
Wuduresasamsiigmien itvlueayhliliuananlii - anmsmadomes Traveiso et
al. (2001) PN TREIE M3 L Tadn Spirutina platensis i Photobicreactor Wuuvia
Toawinaims Guit 9 wesmisides) Lisusamadlaglisniidulnesins 1:20, 1:10, 1:5
wa¥ 1:4 fidnsamsidese Dilution rate, 0)/A8/0.0019,.0.0039,0,0078 {ay 00117 e
Flin sgezialuldasiuneurosyiusasnIieende 9, 7, 7 ~uar 73U sudidy
aamgfiaglutas 28-30 aernaldga smadguiLe 42 Yu wuit Photobioreactor
wuuvieiussansnmanenedmsun1saiadulanes Spirulina platensis faenanYeIla
18189 Photobioreactor Luumatusgvvildtdimsnanaaniiaiinu 040  niusednssie
u (8.52 n3ndaiuanwaseunte 6.05 ASans1TLAsHe TU) Aseatndsidonns 1:5 was

Fnsn1aiFonanaiu.0.0078 sadalug
Henrard et.al. (2011) ddnsnsia3audtlntas Cyanobium sp. Taea
Tu Photobioreactor wuuveUSNIIgadLaz ALY Ian SO S TIUANAaTY Usine
\wad 0.8, 1.0, 1.2 niusedns SnsAmnaduduvesarsemsiildnduidily (renewal rate)
30, 40 war 50 wWasldus wazanudutuvedledenluamsueiun (NaHCO,) Tumsiuuys
#1114 0.4, 1.0 uaz 1.6 niudedns meldanuduuas 3200 dnd Wsuuas 12 dalassety
Wuiadnn Suvmitndnuie Wunan 57 3u wuthamsienuiadn Cyanobium sp. fin1s
novausMsWasuwasiafigaulslumsusiundudiu 1.0 nfusedns Usnaiead 1.0 ndy
#0ans wardnsmnaduduarsemsildndudilu 30 wie 50 Wedidud meldane
AINANAFIFATBIBRT NIRRT WL Mdwdn waziginsmsiadydvlage 0.127
dotu 0.71 niudedassetu war 10 soU muddU warlunisveaesdl 2 (Usiaead 1.0
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[ 1 a ) o [ 2 ; £ o (4 v v
nfuradng dnsinsinamsndudnivlunisiaes 30 wWestud wasaruiduduealy
v 1 = 7] U A’ 1 - =3 )
msvaualuams 1 nfudedng anmedinaniftinassesniswiyivinedresinisa
. o ot o VY
(exponential phase) g17uuiign (55 Ju) dwunvaae 6, 11, 13 uaz 15 #iginslunis
=% o ! v o Q) = é J 1 A’ s
Wwigdivln 8 seu TUAITVARDIMSIEREAlF A S B loausevuadnidoslusng
1 2V ] 7] 2 s & Cd 124 Vv =} L4
aududuaisesilanduiiily 40 wWeddud wasarudutuvesianienluafusiun
¥ 1 _a ' o w o oy @ v v 1w v
0.4 waz 1.6 nSuredns egnlsAmuidwdniilsandnsanududuanseimsitandudn
@ v v v @ 1_a ¥ Xd
U 30 waz 50 wWosdus duiusfulafenluasusiundudy 1.0 nfusadng Matidesrin
v v ada & ¥ ' o
msgndudahesuandulsngmsalsssumpnfetulunswmezidsamisnuadnidassin
a P a $ w0 8V a < v & a4 oqu .
USuauasiunniiuly feestnihldmianisilasusladinenisdudwiserilinisdaunsisi
1Y} ' o ¢ a 09 YV a
waedraslugueruiadn Wewinnisasauted H0, Usingnisalssaunferaiilifiie
1 v v & ks 1 (Y] a
anmsiAden Lt ﬂmuwu‘uuﬂlamaa‘m’l,umstaaaumaaﬁ‘lmuqnmﬁlﬂ
2.8.3 msvaulnaanlynuas e
TussuumsinIglaesauseuInlaniuy photobioreactor  fasdinng
muaulSinsaivaulaeanlenlilifiinnifulvaududunseiuaimsewsasvinlviniey
ansminiuly vissesldlifianivaulnsanlandesifulusuamsaadydulndunsedl
o o ¢ ] < ¢ 1
vgeanad1usuldlurviunisduasizinas Taswuinaisuaulansantaanusuia 1-5
¢ & & P as 3 ' ¢ P
Wodgus (aeySuns) vesssuudusesufivanzaufuamsie tneunasasuaulaoaniann
d 1 A 1 1
fingadeanissnugaamnssy mselunisieanaiveulaeenlunnizldosgussene
waztreanlgnanzlaniould (Ugwu et al., 2008)
2.8.4 aandiau
sanduiienudidusanismelavesausie wamntiunAvinsunsiedu
amsetuiu Ysiuiweandiauluszuunisiwigidswuy photobioreactor  LARYINATS
) ¢ ) P )
dupsgiuasesavsny wesiiesnniluszuula sendauvanifdlinisazanagluszuy
Femnileondauuniiulusssinanswaansie Fesesdinnseanwuuseuulniinisssuie
2ONTIUINTTUUWIZLESLA
2.8.5 mivyuivuvanilussuy
nsmnziaesamInelusEuy photobioreactor  faslinsauanliuiluy
| o \ o @ v @ <t
seuviinsmyuiuuseliled ieliamaeanusadudaiuaiseinsuasueadldegiigie au
avelimaasgivlaldd mnnisvguideuvsahlifedilvavheanseneuivoy
v dv Ly ° 8 v ' )
fuffurssssuumwIsiaewh Famsaeane1d
v o
2.8.6 Uadudy 9
v & v oo o q v o
nsmuauanisiandarluszuumiziedliing dnavinldawsieiinng
a o vt 9 v a & v ¢ ' A-L S o YR
wigAulaldd Winandngs venamiaeiugamseldlunsmizifesninduaeiugi
wizauivanizn1siassuentisaljURms (outdoor) uasmnﬂumaﬁ'uﬁ:vﬁmﬁ Tshidula
a o 1o Vv o o 2 ] ¢ a o v 2
39 i lilddndudadinmadnudasiugnisuvesamine JaduiBnsideddinannuuay
FuNUga
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o
uni 3
A5AluN1539e

3.1 nswdsaidadming
° & @ ' o & 0
¥nsidsaiideamae Botryococcus braunii Tnenisidgsaivsislueimis

% o o ' = o

g3 Chlorella  medium Tumsuzufafiussgemnsiiunssndesmeoniotsiuge
a ) & v & iod

gl 121 °C My 15 Youd/msnin lussmzidsavineiivasade finismuay

J ks ! o rl '
waswazgagil weldamieduradelunisinmdudely

AWl 3.1 awse B. braunii Ilaiiiesyiuladuuasivdesitueenuentalail
nanstiduenansfianulidmsunsldnudionsinwuvini lougelihlulisslonidunsd
lainsdilaqiiedu Snvishuilifaulaniom uasfesdsddudmenenamnadsiiinisiiluly
This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.
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3.2 massmneFeuieuludssufiRnnsuasuenifesufifing
3.2.1 msdesavseluiesufifins
saause Botryococcus braunii Suaigiulaiuindrvesadly
viaufavde flask 1un 1 as Tukesufidnis Tasmunuuas gumgiiliaed Anvints
Widula (Whuthuke) Vinassetng (raelsilad o, unlsfiused) vn 2 fu uasliase
Tushu mslulawnsn wandnlashy uasedansalusiy vasawmdeidloduganisvaae 30 Yu
(il 3.1, 3.2)
3.2.2 madssuanefiRing
Thhleaming Botryococcus brauni Susdayiulndiniudivensadly
Tuaufaaun 10 8as 29l fuuduifinsliuadiovaanlvvigoaisaeud 24 dalus uen
softRns Anvmsaiauiule i) Uiinusining (Aaslsfiad te, unlsituaed)
un 2 $u_uaginnedlusiu aflulawse nasdalusiy wasrdansalusiu vasawhedle
éuqﬂnﬂimﬂaaa flsvee stationary phase
3.2.3 mswmaamﬁm‘iuswu photobioreactor kuuvia
assdesaming Botryococcus braunii lussuuia s afetan
Tudaaadutanudn dssuumauuisutunisidosedudaiies uazaunsnnuaudnm
naReuivasiimizdedld Jsuunisfuemindeada saudsssvuiinasydesth
wzifesesnanseuy Anwinsiadaiule il Vsinassedng vn 2 fu ues
asieiusiu mslulainsn waudnluhy uasadansnliu vasawiodladugantavaae
fisses stationary phase

3.3 nsuaaululafiganinawine
\unanananuseildaannisiwisdedusyuy photobioreactor uazaimigiy
gananaviie mnvudnwandylvidluanswisuiiulndviuledies Taeinism
ssiuguugll Usihadsuasieanasadimnyassontsmamhdululefeainaiuiie
insshifunnamssusavrisafliosdussnousasnsalatuiiunndiety

' P o 5w
3.4 vwuanslunsidiasammstenstunisanauaty

[-) o 1 d 1 -7 ’D’ L7 2 = =

dngadamsreneunisanndifussnual d1iasreuiunalusiu ardlulaw
59 uazansd (pealsiad uwalsiuewn) Wisulsuiudsinunauadaiiy aniuiganu

° 7] o 1 Y o 2 @ °
winngadlunsilulduselavddu wunisadnasdfiwmdounlduselend viansuinaadly
) o o < o & o &1

wiinvihilnu sidensthiludule Wuewnsdninely



19

S R S

.‘Q%E',T;; “ﬁ}ft’l‘?&‘@* _ g
( £y W CLSLE N

o i ¥ v & -
AN 3.3 horizontal tubular photobioreactor @WTUNSWIELALS B. braunii
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P2
unil 4
Hanazigsalnaniside

4.1 53UU horizontal tubular photobioreactor

FavhszuunswiiBssaniiguuy closed-photobioreactor 8s319szuudy
LUY horizontal tubular photobioreactor Tnel#¥aslunisidtsaminaievioan3anlaiitols
uasuld Smdunuufudeduund madidwindnuuy wasmpudoudisussdinhasn
Fufrusn ddfatndaunnfuemsadudvinfuuuistodeuasdaitods uastiude
awdendulufuuurassruuiaedmi deivesssuuieldfuittasninismaunnuiy
fu walifudesdelunsmuguisssuy duidoeenuuuliidedmiviadoudls e
fandluitudl AldsuuasmussimiRegiammnzau (nmil 3.3)

4.2 prviusawming B, braunii Tufasufiians

dwhiadwsae Botryococcus  braunii Snasaiivlndiuiudmeneadiurn
wian3e flask wuin 1 dns luiestfiinag Tneavunuuas sumgfilinad Anwinns
we3inle hwtinuite) Usuiaisendng (aaclsiied 1a, ualsfiueed) uasiiameilusiu
asTulewnsn rasdnlony uasviansalusy vesamdadliofugansaass 7 30 fu
wamsfinwwui 8. brauni Manededutesjiinsintnasyiulniuiueddeies
Tnaludasammsmnzides 18 Fu nuiamssssnaaidulaléi Bidhgsses stationary
phase (nwfl 4.14.3) AAuganisuaaes awmdesiiwiiudasiniy 0,66£0.03 nfudedng
(M54 4.1 was 4.3) fnsinduresuiinnuelsiusedegnamilnowunalsitussrgs
ﬁejm‘lu"’;’uﬁ 18 Apsnisiwsiies Insnuualsiuoediiniy 10.87:0.77 me/g (nwil 4.4,
a519it 4.2) fanslulaesniiinfusgdetiiasmaaanisnzifes uasliigeiigniiduannts
naasinu 89.81+6.17 fadndumaniu Taeilaumnasedslubdayneaianuliuim
asTulansviiwuluamelutuil 09 vasmswaeides (pwmdl 4.5 uag 4.6, me1eit 4.1)
wuﬂ%uwiﬂsﬁuqaﬁqmﬁéuqﬂmsmaaawi'lﬁ'u 1828221155 mg/g (nwil 4.7 uas 4.8,
9197l 4.1) uasUBsnanhiugegaiiiy dfu 27.81£0.09 wafidud wuluduil 6 vesns
WnziFasavine daunasdnlutunugeiiaatudl 12 Tnewulyiniy 0.84£0.20 n3usianseie
u (3197t 4.3) ulansnlusiuiiwuniniignfie pentadecancic acid wu 32-40 wesidud
(719l 4.)
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0 3 6 9 122 15 18
1A ()

= a a [} \. M ¥
2w 4.1 msiesqiulaesamsie Botryococcus braunii KMITL2 Mliwnzidasly
ViasufiRnis

AaBLlIAE (mg/L)

0.2 ¢

0 A . . x p
0 3 6 9 122 15 18
A1 (1)
o ' . o &
a i 4.2 aaelsfad-ta (me/) Yasamse Botryococcus braunii KMITL2 fiswizidaslu
vieeUfjiRnns
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2.00

1.50

1.00 ¥

AaalTHas (mg/g)

0.50 p

0.00 2 N : 2
0 3 6 9 12 15 18

a1 (94%)

o o ' . o X
il 4.3 paslsilad-1e (me/g) 989138 Botryococcus braunii KMITL2 fiwizideslu
WasufuRnTs

9
8
g 7
(@)}
E 6
b
= 5
=
= 4
&
& 3
2
1 F
, . . . - .
0 3 6 9 12 15 18
a1 (1)

o ] 1 . |
AW 4.4 uansrualsiiuess (me/L) vesamdne Botryococcus braunii KMITL2 #
wnudesluiasufunnig
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70

aflulawmsm (mg/L)

v _ . _ > .
0 3 6 9 12 15 18
1287 ()

] ' ® <
A 4.5 wansUsutansiulewmsm (mg/l) Yesamsng Botryococcus braunii KMITL2 #
wzasstuipsUfdenas

100 i

aslulawmsma (mg/g)

20 p
10 F
0 2 a X 2, x
0 3 6 9 12 15 18

181 (3)

o ! . o &
A 4.6 anslulawnsm (mg/g) wssamsne Botryococcus braunii KMITL2 fiuwizideslu
WiosfiRng
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0 3 6 9 12 15 18

19817 ()

o o a ’ . o &
awA 4.7 uansuSualusiu (me/l) vasanuing Botryococcus braunii KMITL2 fitwigi&es
TueeufiRntg

250.00

200.00

150.00

100.00

1BunulusBiu (mg/g)

50.00 F

0.00 - z
0 3 6 9 12 15 18

a0 ()

d ) .. o &
A 4.8 uansuSunallusiu (me/g) wesansne Botryococcus braunii KMITL2 ftwnsides
luviasfimns
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35

30

UNA (%)

25

g
HUNY

20

(7

15

1Bundla

10

25

L

a0 (3u)

6 12 18

o4 @ a < 1Y w ' .
A 4.9 Usinaluiiudaue sidusethwinuisvesanuing Botryococcus braunii

d A’ e e
KMITL2 Aiuazidesluriasufjinnng

P 1 ¥ o/ L4 1 . od
A13797 4.1 AAMNLATUINT Wag Uvinuieuasanse Botryococcus braunii #l
wnzBedluviesu§idingg

s dvinude | endlulewase | anslulawmsn Tusiu Tushu

(mg/V) (me/l) (mg/9) (mg/V) (mg/9)
0 0.3+0.03° | 15.37+0.86" | 47.47+591%° | 30.79+1.89° 94.95+12.00"
3 | 0.4620.02° | 17.74+1.75" | 39.09:3.54° | 59.80+5.49° | 131.30+9.58°
6 | 0.49+0.02 | 25944268 | 52.95+4.46° | 77.72+9.09% | 159.22+417.09™
9 | 0532001“ | 29.82+ 146" | 56.22+1.91° | 70954256 | 133.97+4.80°
12 | 057+002° | 43.11+0.16° | 76.66+3.05 | 89.1543.78° | 159.21+12.89™
15 | 06520.02° | 53.43+1.73" | 83.09+4.17° | 113.22¢1.71° |  175.79+4.68°
18 | 0.66+0.03° | 58.81+1.73° | 89.81+6.17° | 119.89+4.74° | 182.82+11.55

v v @ o & v o Vo w ] 1
wegvg: Mdhwinmndinguinidnlusnsuieiuiivanaiufeanuuenagegied
HedAgymeatia (P<0.05)
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o o | .. dd X v a o
A19197 4.2 T9ATAQUeNa WY Botryococcus braunii TwisideslunasfiRnns

s AaalsWas-1o wAlsfiuoun
(mg/V) (mg/9)
0 0.35+0.014° 6.07+0.85°
3 0.63+0.053" 7.410.60°
6 0.58+0.011™ 6.67£0.07°
9 0.68+0.032° 6.77£0.26°
12 0.78+0.028° 9.59+0.66"
15 0.97+0.026° 10.7740.48"
18 1.08+0.019" 10.870.77°

) (7] [-¥3 o « 5 s cj 1] (.73 1] 1
vineue: Mdnysnudinguiuidnluwwiudefuiwandiufsanuuansedied

HedrAgnieana (P<0.05)

o a a a o =y a) ! .
fA71919 4.3 E)ﬂi’lﬂ'ﬁLf\liﬁy,LWUIWﬂ']LW'WLLB3‘1]511’]&1‘01]1&‘08\121'1%518 Botryococcus braunii

< 1 v a wa
mmeidesluvasljudnis

8151073 = c
v 4| Egiula Yt Us;i"nm‘l‘zmu Usaaulatiu nanAn LTy
JUN ﬁ‘),WL‘W"I% YNUURA

(Ro) (nSusiodns) (Wosidus) (nFusedng) | (niudadnsraiu)
0 - 0.34+0.03° 13.07£0.98° 0.04+0.01" -
6 | 0.015+0.03" |0.49+0.02° 27.81£0.09° | 0.13+0.01° 0.71£0.51°
12 | 0.00820.01% | 0.57+0.02° 27.22+024° | 0.15+0.01° 0.84+0.20"
18 | 0.009:0.01° | 0.66+0.03° 10.87+0.48° | 0.07£0.01° 0.800.10°

L a o g‘l v ‘J 1 Ly 1) )
g fsnusnvdingquiniidalusuanadleaiuiuandeiuAanuiendnseged

WedAgyneadia (P<0.05)
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d ¥ oo .. nl J 2/ o wa
a15799 4.4 nanladuRalueiidudived Botryococcus braunii ivnsidiadluiasufifinag

Component/ iu 0 6 12 18
Caproic Acid Cé6:0 0.28 0.25 0.16 0.15
Capric Acid C10:0 0.22 0.21 0.43 0.28
Undecanoic Acid C11:.0 4.66 0.60 10.62 7.03
Lauric Acid C12:0 2.26 3.18 5.39 3.39
Tridecanoic Acid C13:0 1.57 0.62 1.05 1.27
Myristic Acid C14:0 0.48 0.44 0.38 0.38
Myristoleic Acid Cl4:1 0.47 0.40 0.17 0.11
Pentadecanoic Acid C15:0 40.14 | -33.70 32.22 3282
Palmitic Acid C16:0 0.40 0.52 1.59 0.34
Palmitoleic Acid C16:1 6.45 33 11.78 12.21
Heptadecanoic Acid Ci7:0 1.60 1.55 1.73 1.9
cis-10-Heptadecenoic Acid C171 5.86 5.53 3.17 5.96
Stearic Acid C18:0 18.04 | 15.86 13.48 5.29
Elaidic Acid C18:1n9t | 6.11 6.07 6.85 12.01
Oleic Acid C18:1n9¢c | 0.82 I 0.25 1.23
Linolelaidic Acid C18:2n6t | 4.35 2.87 3.42 4.03
Linoleic Acid C18:2n6¢ - - - -
Y-Linolenic Acid C18:3n6 | 0.67 0.85 1.10 1.58
Arachidic Acid C20:0 2.19 2.37 0.80 1.29
Linolenic Acid C18:3n3 0.11 0.22 - 0.42
cis-11-Eicosenoic Acid C20:1 0.45 0.81 0.14 -
cis-11,14-Eicosadienoic Acid C20:2 0.41 0.32 0.27 0.37
Heneicosanoic Acid C21:0 - - 0.14 0.24
cis-8,11,14-Eicosatrienoic Acid C20:3n6 - - - -
Behenic Acid C22:0 - - - -
Erucic Acid C22:1n9 - - - -
cis-13,16-Docosadienoic Acid C22:2 - - 0.35 -
Lignoceric Acid C24:0 - 5.04 0.83 28
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4.3 praiassuaniasguinis
o L] . ' o a d v b 4
dwhdleamse Botryococcus braunii fuaiapiulaudiuiiudirensaduinants
a v Y 2 v &
wn 10 dns Maliuudundntslivasiienasnluvgoaisaigud 24 42lus uan
viesjuRns Aninsiasodiule dwinude) Usinaseadng (raelsiad e, ualsiiused)
< a L% a v 1 d ¥
wasianenlusiu arslulawnse wandnlesiy uasvinnsaluliy vesamsiedisdugants
< .
MaBY VITsey stationary phase
' . o o v a va o a o &
HaNIANYINUTI B. braunii MwieldeuenieslfiRnsiinanindanaiiudu
) ] d 1 al A J 1 1 L a o - 1
agesiaLilos Inadlgegaluiui 15 vasniswieiaes laelidwiniu 166+2.58 Jadnsusie
a ! o 3 ' = o) Y aa J d o Py
finT Beflanuunnsinagiifeddgnnadffuszesiainsidedy q (Al 4.10, A1919@
< d 1 L = (=) L ’ @ 1) +
4.5) inaalsiad Lo gangaiiaiy 1.47:0.02 fiadnsudedns lnedaruuansd1egied
) 1Y) as o o o & ] o ]
Ugdhdgmeatiffiuiun 0-9 vaanainieiaes (A 4.11, a7t 4.6) Hualsiusungeign
1) QS aQ o U 1 o ] 1 LY ar oa 1 d
Wiy 14.10+1.13 fadinTudensy lneianuunndwedeildedAgvisadaduynAiivie
&J A AJ | Q) a a o 1 f
("7t 4.12, 31l 4.6) diarslulawmsngananwindu 64.7+0.45 SadnSusiensu Tnefiaau
' 1 odw o aaw W & o ]
wansinsegaililisahagmuadatunniuresnsmizifies (1w 4.13 wag 4.14, a3 4.5)
A L] -2 e P o/ 1 ot o ﬂ‘ é’
filusfugengalviriu 180.84£0.62 fadnsusoniy luuil 18 vaamsiwizibes Tnefiau
! ] L at Qaa o s g d d
umnrivatsidadAyneadffuyaiureanisineiaes (1M 4.15 uag 4.16, m13e7 4.5)
oM P Y < ¢ ) ! aawv
filefugenigavinfiy 20.66+0.44 Wesidud laglifinannusnsiianiadfifuiu
P < < a Y < ) a a w1 _a )
BU 9 (M7 8.17, m13797 4.7) sandniviugeiiganiiu 1.89:4.90 fiafnSudednssatu
i 1 Q) ) aa o s 4’ A =
Tngllanuunnswagniidedrdynaifduyniutemiswiedes (n1319 4.7) sidanse
@ o < / 3 1 ' P
luduiiwunniignfe Pentadecanoic acid fiAmagludas 42-61 tWasidud (ansaei 4.8 uas
4.9)
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6 /'8 10 12 14 16 18
a1 (JU)

d 3 i IS A :
Wi 4.12 wansruAlsfivesn (mg/g) W0saIMINg Botryococcus braunii Mwgiasauen

ATlulamsm (mg/L)

8 a oo
nesUijuAnas

6 9 12 15 18
287 (AU )

a ' .. o 3
WA 4.13 arstulaain (me/) veteusne Botryococcus braunii Mwizidsausn

vioeUfiRnns
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-] 1 Y w v ' . d
f19191 4.5 F]mﬂ']ﬂ%ﬂﬂ‘du’]n"ﬁ LAY UAUNLYY9aI1918 BOtfyOCOCCUS braunii #

& Y o
LWW%L@UGU@ﬂM@QU{]Uﬂﬂ’Ii

s dwdhum | adlulansa | ardlulawmsn Tusitu Tshu
(mg/t) (mg/1) (me/g) (meg/) (meg/g)
0 | 505+3.40° | 15.34+0.33" | 61.79+5.19° | 26.67+0.81" | 107.80+10.97"
3 | 585:2.12° | 16.4740.65 |56.33£0.65" | 57.03£0.13° | 195.29+4.45°
6 | 765:236° | 21.63:5.16° | 56.2622.36 | 63.95£2.59° | 167.47+7.09°
9 | 9554287 | 2282+3.68° | 47.99+1.44° | 80.96+4.92° | 170.63+14.14"
12 | 100+1.83° | 43.1141.63° |86.30:0.15° | 85.27+0.83° | 170.64+1.95
15 | 166+2.58° | 59.33+024° | 71.5321.05° | 162.5142.56° | 171.73+2.44°
18 | 124£11.19° | 64.7+0.45° 64.7+0.45° | 180.84+0.62° | 298.28+24.60°

o U =Y 5 s d 1 s 1 [}
mneme: fsnvinmundingeinidnlusududefuniuandniufeanuuand e
Heddqmieaia (P<0.05)

o O [} S | X 'Y a wa
f15991 4.6 5\3ﬂ'.mq°UENﬁ'l‘Wi'lfJ Botryococcus braunii V]LW"I%L@U\?UQﬂMﬂQUQUWﬂqi

3 paelsiad-ta ualsfivess
(mg/V) (mg/e)
0 0.33+0.01° 4.63+0,19°
3 0.41+0.01° 8.17+0.27
6 0.56+0.02° 8.95£0.20%
9 0.77£0.02° 6.8340.18"
12 0.83+0.08" 9.410.49°
15 1.42:+0.03° 8.5440.13"
18 1.47+0.02° 14.101.13°

v @ Py a Yoa o " ' A
‘VIZJ'I?JWW!: WJE]ﬂ‘l‘ﬁﬂ'1'19']?NﬂE]UWNﬁLadﬂ‘LULLU'NNLﬂU']ﬂ‘LWILLG’lﬂCﬂ'NﬂUﬁaﬂ'J"liJLW]ﬂGINBEINN
tedAyneata (P<0.05)
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:I W b @ o = U L] s
A3 4.7 Elmiﬂﬂ'ﬁlfi]iﬁgmﬁiﬁﬂ’]L‘W']EﬂLLﬁ%ﬂiﬁJﬂml‘lmu‘ll@ﬂﬁ'l‘WﬁEl Botryococcus braunii

< = v ava
WLWqSLaﬂ\iuaﬂWQQUQUWﬂ'ﬁ

RTINS

. o Y . Usinaulasiu . . o o
W3guAule dUnL 5 Gunadletu | wandaludu
o o o YNWKUA
AUN WIS
' o 4 e ca . v 1 a (nSursdnssie
(M831) (nSupoang) (Wedidud) (nJunadng) %)
- 50.5+3.40° 18.91+3.73° 9.55+0.91° -
0.014+002° | 765+236° | 19.554296° | 14.95:053° | 1.08+0.43"
12 | 0.011£0.01® | 100+1.85° 20.66+0.84° | 20.65+0.38° | 0.93+0.16°
18 | 0.025+0.03° | 124+11.19° 18.75+0.59" | 23.25+2.09° | 1.89+4.90°

7] s L3 =Y [ 5 U A 1 74 (] 1
Bn: fdawsnussnguiiniidnlusuniaisriuiiupninaiufsanuunneiee el

HedAgneedii (P<0.05)
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A19140 4.8 nsnlasfuAndueiifudues Botryococcus braunii KMITL2 flwgideeuan

VieaUfiAng

Component / §u 0 6 12 18

Caproic Acid Cé6:0 1.81 0.20 0.33 0.29
Capric Acid C10:0 032 | 041 0.43 0.30
Undecanoic Acid C11:.0 7.30 | 10.58 10.10 8.12
Lauric Acid C12:0 3.62 576 3.65 3.97
Tridecanoic Acid C13:.0 2.85 1.65 202 2.16
Myristic Acid C14:0 0.83 | 0.51 0.63 0.60
Myristoleic Acid C14:1 0.52 0.27 0.24 0.30
Pentadecanoic Acid C15:0 4281 | 46.02 53.90 61.46
Palmitic Acid C16:0 0.67 | 0.42 1.17 1.16
Palmitoleic Acid Ci6:1 1201 | 6.37 2.65 2.19
Heptadecanoic Acid C17:0 231 2.38 2.03 2.28
cis-10-Heptadecenoic Acid Clr:1 4.66 4.95 3.01 3.05
Stearic Acid C18:0 11.15 | 1.52 6.28 4.52
Elaidic Acid C18:1n9t | 0.17 | 9.00 1.09 1.54
Oleic Acid C18:1n%c | 0.19 | 0.99 1.79 1.65
Linolelaidic Acid C18:2n6t | ‘353 | 237 0.13 0.14
Y-Linolenic Acid C18:3n6 0.45 1.15 0.52 047
Arachidic Acid C20:0 1.24 1.44 0.50 0.55
Linolenic Acid C18:3n3 | 0.19 .| 0.90 2.66 272
cis-11-Eicosenoic Acid C20:1 0.13 | 0.11 0.25 0.09
cis-11,14-Eicosadienoic Acid C20:2 0.09 0.12 0.16 0.20
Heneicosanoic Acid C21:0 0.22 0.14 0.08 0.10
cis-8,11,14-Eicosatrienoic Acid C20:3n6 0.22 - 0.08 0.09
Behenic Acid C22:0 0.06 | 0.30 0.35 0.22
Erucic Acid C22:1n9 - - 0.20 0.03
cis-13,16-Docosadienoic Acid C22:2 0.07 - 0.06 0.06
Lignoceric Acid C24:0 0.11 0.08 0.07 0.03
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A15190 4.9 uansnsaluiuriinduiuaslidudues C16-C20 wa4 Botryococcus braunii

36

< & v a wa
KMITL2 Atwizidesuaniasuijuninig

Fatty Acid Suto | fuite | w12 | fuil1s
Saturated fatty acids (SFAs)

C16:0 40.95 23.24 31.59 37.20
C17:0 0.73 0.33 0.49 0.64
C18:0 3.28 1.49 1.25 1.68
C20:0 6.55 - 8.95 -
Total 51.52 25.06 42.28 39,52
Monounsaturated fatty acids

(MUFAs)

Ci6:1 3 3.81 3 0.37
Ci71 5.98 10.97 7.54 9.20
c18:1 6.78 11.21 14.60 20.80
C20:1 0.77 \ - -
Total 13.53 26.00 2214 30.37
Polyunsaturated fatty acids

(PUFASs)

C18:2 16.14 22.92 14.79 0.21
C18:3 2.16 16.21 3.62 14.43
C20:2 S - 0.15 4
C20:3 - - 0.06 -
Total 18.30 39.13 18.62 14.64
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4.4 MINnaaaBsluszuu photobioreactor wuuvia
4
4.4.1 twistaealuu batch culture
-] é’ ] e a ) 4 v
vinsinesidesaming Botryococcus  braunii Tusruula Feadrede
[ 1 o Y Y - | a H A’ ] 1 o J
Tanlussuaaduianudn fssuunsmpuideuimizifesedaliies iwgiissuuy batch
culture
' oo 5 .
NaMSANYINUTT B. braunii Mwzidedluszuu photobioreactor wuy
1 o n' dv 1 1 éj 1 ] -}
¥ia LU batch  culture Snandndunaiintuadiesaiiies lnsfidngegawviiiu 6.85£005
(Y] [ - P2 | -y o) P = o s a 1 <
nusiedng Ndugan1sneany (Nl 4.18, 1599 4.10) Umaslsilad La tnadeIIT
& ' o t  as a a o ) o
naaAnaaInazae Inafiingsiigawingu 3.57 Sadnsurensy (nwi 4.19 uas 4.20)
Q. d” L} é’ Qo (-7 Q‘; 1 5
fualsiuesafinduludasmawzifios 12 Tuusn ndwintuaualsiiussrozanas Tnafian
t:l ] ¥ a o -7 1 o :l A QI é’ 1
gangawitiu 1.65 faandusiadng (0w 4.21 wag 4.22, m5190) adlulamsniiinduedi
o ¥ ' > V@ o o @ o o
saillasruduganivnaed InellAganganiniu 198.89 Tadniudeniu (nwi 4.23 uay
-1 ' o & Y o & a g o
4.24) WsRwdnduludis 6 Juusnraenisiwiziaes andulidtanad Lagiiududnasade
Y ) o ) a a @ s T | o
Auganivinass Tnefidngengawindy 351.2 fadniusiendy luiudl 6 (i 4.25 way 4.26)
o o 1w ¢ a ) o ' W
lafugefigaiifiv 14.90+0.81 Wasifud nandnledugefigawinfu
oy =3 - 1) o i al ] [} ) o) aa W -7 G’
2.35+1.15 fadnsudednsdadu TeadanuunnssagniidudAgmnaifdunnfu (a5
a o o :‘ » . £ a‘
4.10) wilansaluuiinunniigaiie pentadecanoic acid WU 29-48 Wadidud (n1314 4.11)

9 (mg/L)

Wutinudi

t 4
o

01 ¢

0 A a i i a
0 3 6 9 12 15 18

1981 (F)

A g U L4 1 Y .
i 4.18 Umtinuvia (me/l) Yeamine Botryococcus braunii Tuszuy photobioreactor
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:l 1 «f & 1 .
AN 4.21 uansAualsfiuaan (me/L) Ya3amisng Botryococcus braunii Tussuu
photobioreactor
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A9l 4.25 uansA s (me/) 1esamse Botryococcus braunii lussuy

1Bundtalsiiv (mg/g)

photobioreactor
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50 p

1287 ()
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ATl 4.26 uaneATUsHU (me/e) YesE e Botryococcus braunii Tussuu
photobioreactor

d Y o a o < 7 L] se
A15799 4.10 dasimsiesaauledwizuasysnalviuvesainine Botryococcus braunii
lussuy photobioreactor

8NN3 - "

. . v,y Unaladu " O
s wiggivle | dwidhui Fonm nadladu | Masmswdnludu

U

L) (nSusiodng) (Woedidud) (nSusadng) | (nSusadnssaiu)

- 2.75+0.01° 12.77+0.39" 0.35+0.09" -

0.16+0.08" |  3+0.77° 14.90+0.81" | 0.45+0.10® 2.3541.15°
12 | 0.1340.04° | 6£0.21° 11.5720.21° | 0.69+011% 152405
18 | 0.0140.02° | 6.85:005° 10.9740.05° | 0.75+0.06° 1.1040.25°

o < o a ¢ 4 @ Y f} ")
nuEwmna: amanwmmmmnqwumén‘luumLtuamqtﬁmnuwLmnmanuﬁam'mu,mnmanu
eadn (P<0.05)
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d 1 L 1 m .
a15197 4.11 Ansalesiuvesamse Botryococcus braunii Wsyuy photobioreactor

u
nsn ity 0 6 12{ 18
Caproic Acid C6:0 0.46 0.15| 0.13
Capric Acid C10:.0 1.08| 026| 071 048
Undecanoic Acid Ci1.0 632 856 | 8.69; 5.11
Lauric Acid C12:.0 466 476 4.60| 4.51
Tridecanoic Acid C13:.0 0.31 086 | 123 1.75
Myristic Acid C14:0 1.06| 037] 074| 0.51
Myristoleic Acid C14:1 044 | 026 0.66| 042
Pentadecanoic Acid C15:.0 29.02 | 36.14 | 37.29 | 48.46
cis-10-Pentadecenoic Acid C151 465 451 | 258| 395
Palmitic Acid C16:0 090 | 037 0.66]| 057
Palmitoleic Acid Clé6:1 562 6.71}11.22| 9.05
Heptadecanoic Acid C17.0 324 229 1.04| 141
cis-10-Heptadecenoic Acid Cir1 10.08| 869 | 780 4.74
Stearic Acid C18:0 0411 124] 066} 0.69
Etaidic Acid ' C18:1n9t | 18.13| 17.41|15.28 | 12,16
Oleic Acid C18:1n9¢ 057 040
Linolelaidic Acid C18:2n6t 503 423] 485 3.19
Arachidic Acid C20:0 135 1.01| 081 1.52
Y-Linolenic Acid C18:3n6 190 093] 1.02| 0.65
cis-11-Eicosenoic Acid C20:1 092} 0.28 0.70
Linolenic Acid C18:3n3 029 0.17
cis-11,14-Eicosadienoic Acid C20:2 103 | 021
Behenic Acid C22:0 0.15
cis-8,11,14-Eicosatrienoic Acid C20:3n6 0.21 0.29
cis-11,14,17-Eicosatrienoic Acid C20:3n3 0.07
Arachidonic Acid C20:4n6 0.34
cis-13,16-Docosadiencic Acid C22:2 0.99
Lignoceric Acid C24:0 0.69
Nonadecanoic Acid (1.S) C19:0 1030 | 1236 | 284 | 592
U 100 100 | 100} 100
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4.4.2 \N8dABILUU continuous culture
vhanswsidesamine Botryococcus braunii lussuulin S an
Wswaaduiaauan ﬁszuumiwquﬁaufﬂmwLgmaehwiatﬁaa wnzdBauuy continuous
culture fimsiiussn 6 Falus
HansAnYIWUI B, braunii Tweidedlussuu photobioreactor KUY
continuous culture SnanAnTunaiutuodroiles Ineinanngegaiiiu 630£104.72
fiafinsusefing (nwfl 4.27, M3l 4.12) Tnaalsfied Lo geilaawinfy 1.6720.11 fiadn3u

sedns (il 4.28 uaw 4.29, maail 4.13) fuelsituasdifuTuanenindmdeiud 3 veq
mawziies ussfintiunaentuduganisnaass Tnefidrgeiiaawiiu 11.705+0.40 fiadn3u
dedns (nwil 4.30 wag 431, mr91edl 4.13) Tushuiiulduiistunasanimases diu
Tusiulueadiinsfuutsaoudnags fiangeiiganinfu 163.80413.73 fadndudenty Tuiuil
18 YoImsiwIziABs (A0l 4.32 way 4.33, anseil 4.12) TarfTulmasndednnfindy
naendugegalutuil 15 vesnsnizies wimilulonsvluwadazanamdeiud 9 vasns
IwsLAEN gefigawvinfu 50.1645.91 fafnsurionsu (nwil 4,38 uas 4.35, menedl 4.12)
Tusfugefigniindy 45.79+5.02 WWesidud wandnlutugefigainfy
15.26+3.95 findnfusednsredu nefinuuandiamnsadfituiuil 6 vanisvaae (el
4.19) viansaluiuiwuinfigaiia Palmitic acid Tnafinaglugae 14-26 (Wadldud (ansieit

4.15)

o ' .
A9 4.12 eerUszneunawniiuasansie Botryococcus braunii @estulusguu
photobioreactor LUU continuous

o | dwitnuds
T (me/V) aslulaiase | arslulawase
(mg/\) (me/s) TUshiu (meg/l) | T58iu (me/e)
0 | 120+28:28° | 14.32+1.13" | 57.4946.31° | 13.07£1.04" | 52.50+5.87°
3 | 120+29.44° | 14.81£1.18" | 50.71+4.28° | 17.27+1.16 | 59.19+4.46"
6

9

205486.55° | 21.00+8.20°° | 55.56+11.71° | 34.74+3.88° | 91.30+10.83°

335+131.24° | 30.1241.98" | 63.53£5.56° | 4358+274°<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>