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Research Title: Mass cultivation of microalgae in photobioreactor for commercial production
Researcher: Assoc, Prof. Dr. Suneerat Ruangsomboon

Faculty: Faculty of Agricultural Technology Department: Department of Fisheries Science

ABSTRACT

of S. dimorphus in semi-continuous photobioreactor was 1.8 times higher than that of laboratory.

Lipid content of S. dimorphus in batch and semi-continuous photobioreactor was 1.3 and 2 times

C18. Transesterification of lipid using NaOH produced 85% of biodiesel. The residual biomass of
S. dimorphus after lipid extraction contained pigment, carbohydrate and protein which could use

as raw material for pigment, methane, fertilizer or animal feed production.

Key words: Scenedesmus, Spirulina, photobioreactor, lipid, large scale Cultivation
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ﬂszmﬂ‘nuLmmm-ﬁmu'mm*m:mmmmuwmwmwmm:auua:mﬂmﬂu"lﬂ'lﬂn
a A a 9 o 4 ' o v 1a ' P
ﬂsz'nwua:mmmwamwauﬂnﬂvlmaaluﬂﬂLsaumnmﬂ TalalUTouuesaniieds
; Qg WA’ A v ' ) U 3 v 1
wzRee ladne lwwuﬂuaﬂmwﬁwmﬂlw lg5zpziia78% u.a:'lﬂqmmmﬂﬂwmmsgo
' ' LA, -~ o o Yo a 7 ')
s meallslaw (Spiruling) fmtﬂunnam:uua:gannuuwmmum[an
. . Q o U Qs A n'
lae Spirulina uanmmﬂummwgmﬁtﬁ'zmmmmmm’lmﬂummmﬂﬂwatwuﬁ'
o ' a a P [y (% A
Tdmoany Inesadulauazifusansealiangas Wwasandansaninualsiiuasduge
" [ 1 d:d =] a Qs
phycocyanin Lﬂuaaﬂﬂsznauag Imjmsaumwmuwmmmammulusmuqmmumm
(Patricia et al, 1996) Houtanliduwundalusausssyms (natural protein) lagiands
5 n’; a A ) v A )
phycocyanin uuflenlflugasmnysueinis 8AEIUNIINLAIBIE89A IFidluasosiataely
MIATIITUUNTFUAU (Auorescent markers) (Tchernov et al., 1999) ldauluending «
8N Spirulina ﬂﬂsﬁuge maa:ﬁmwmmnﬁnn"’uvlﬂﬂ"lomuqmauﬁ'ﬁmawaaﬁ']
A o & E oo a a A o a A -~ al v A a o 4
NNLA9 uanﬁnnuumu‘[ﬂﬂmumamammLstnugommﬂmumﬂunm@rmumau6]
o A V50 i o o ol ) @ ' ' o 4 P
ludwndausesdiunndoy wogwass ua:‘[ﬂmamymaumagommsm@;mauq nsnazdln
' ~ J ~ U vV
lua'msnU*’nuﬂuﬁﬂsunn'ﬂumta:ﬂaum’mgo (839, 2549) (A3 2.1-2.3)
WY Spirulina sp. Ysznaudaelusiin 50-70 % vassiinsinuts Tenfiuuazinda

vl o ] ' a T s 3 0 v L |
WINTIAYNDINNIYAR TG (Santillan, 1982) 1’111]%1%!.‘17&6]&'}%5’1ﬂﬂﬁtﬂﬂﬂﬂ?ﬂﬂ‘iﬂvhl&!uﬂ

'hiﬁ'm”a'luﬂ?mmga (Ciferri, 1983) ﬁ'aLﬂuﬁﬁum"’uﬂs:mmﬂummna‘iuq’umw (GEVghN
2535) nﬁ'amaﬁﬂsznauﬁaywa5ué?nm‘1ﬁmmsnsiauamzfl@’fﬁa 86 % (Borowitzka, 1989: Li
and Qi, 1997; \WQYIII, 2543) WY Spirulina fieslulawasmaguszanm 12-20 9
uanINAT MY Spiruling sTaLﬂul.méaﬁﬁﬁ’nUmw'lumwﬁmmsmﬁﬁﬁﬂ”ty%awuhidaﬂwu'lu.
Faid5aau Imﬂi:nau‘lﬂ@hunm‘l‘uu”u'l&iﬁw”aﬁﬁw”uﬁ:ﬁ‘iﬂmﬂw"'uﬁz (Polyunsaturated fatty

acid, PUFA) lagiawiznsaunus - luiadia %38 GLA (g -linolenic acid, 18:3 w 6), 9n3ag
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53307 1% IWlaloendiy (phycocyanin) uazanlsfiness uiia myxoxanthophyll, zeaxanthin
a & [ o v a
URERIIWINWORLDNA 156 (polysaccharides) 1ud4 (N19617, 2541)

1 a Ao ” P . a v .
@131 21 nynexdiluAisuiu (essential amino acid) uaznsaazdlunlaisridu (non

essential acid) va4#'l3Aun

nynasfiluisniy PTInT

lolofdu (isoleucine) 4.13
829U (leucine) 5.80
ladu (lysine) 4.00
wn'lnlafin (methionine) 217
Aiaazaniin (phenylalanine) 3.95
n3lafiu (threonine) 4.17
n3UlauWu (tryptophan) L4z
MAU (valine) 6.00
*a#iu (alanine) 5.82
013%u (arginine) 5.98
nIauagLhédn (aspartic acid) 6.43
TG (cystine) 0.67
n3anaadn (glutamic acid) 8.94
Inadu (glycine) 3.46
Faddu (histidine) 1.08
1138 (proline) 2.97
eI (serine) 4.00
nlsdu (tyrosine) 4.60

A autid (2528)

i . a a ' a ' > a a a LA B a < a
Spirulina ﬁamuuag‘luﬂsmmma 9 n% 0w Mhanlaldun Seandu B12 W9UnG
a Al g ol i o A o . . a ' A
wlinnluwhesas wasdusinm wasunlunNgyia 9 1o u,mmmwa"lﬂgammﬂummmm
a ~ a a oo a A Ad 0 a = = a A [l v
Nilu B12 g9 mmuanwuwumwmnlummwa"[ﬂgau*ma 2adu A snaag‘lugﬂwaomm
e lyiu ﬁunmwﬁwﬂ”tylummmawaﬁm: (free radical) dowa’lﬁgﬁﬁ'&yﬁuﬁﬂga uazgadu
A =) a a o 1 L o i ~
wnavamInidiondu E, C, B1, Bs ua:"lum‘ﬁ‘usjo UANIININAUGW 9 uda mmwa'lﬂp
Qs L nd o 1 3 s
mmqw‘lﬂmmnﬁaumwﬂuﬁnmnmu L% TIQUASN §INR UaINfi| Naduay LaLhey
A/ s 1 s Qs L :
UazuAALTey uanmnmammq'lummwavlﬂgau'luaﬂsznaumuﬁtﬁﬂwaaﬂaaBﬂaa’ &1
Wuvad W lalaeniy Savvasudualsiuazuoulnias Iﬂﬂwu:hﬂaaTsﬂaa‘w?aagw”ufﬁwa



@1’am‘m?m‘uaauunﬁﬁmm:ﬁ'm‘ MININRITYINT ﬂﬁ?ﬁ’]ﬂl'ﬂ nsmumsaﬁummaamtm
msmmumaaaaﬂuu Lm“‘ﬂ'ﬁﬂT‘ﬂﬂﬁ'ﬁWEBE]ﬂ'%’mi'l\?fﬂﬂ (awa 2536)

i ) A o ' ) a A Qs A
f1319N 2.2 %nswa:nTunawLﬂumaswnw’lua’lﬂgammauﬁﬂmﬁﬂunumsmmsau

nInazdlu Alusdun | ase e | WA Uay
LAY | Lndag
lalafadu (isoleucine) 3.3-3.9 3.9 1.8 | 093 | 067 | 083
§2%u (leucine) 5965 | 6.01 27001 7 st {108
ladu (lysine) 2.6-3.3 3.6 258 | 1.76 | 089 | 105
tmnladiu (methionine) 1.3-2.0 0.61 048|043 | 040 | 058
TRéu (cystine) 0.5-0.7 | 048 048 | 023 | 035 | 0.38
Afiaazanflu (phenylalanine) | 2.633 | 3.00 198 | 0.86 | 065 | 0.61
Inls®u (tyrosine) 2.6-3.1 2.53 138 | 068 | 049 | 0.61
n3laflu (threonine) 3.0-36 | 230 162 | 086 | 059 | 0.99
n3Ulaunn (tryptophan) 1.0-1.6 0.59 0% 205\ 020 \\ 0.30
18U (valine) 4.0-4.6 3.30 186 | 105 | 083 | 1.02

J a 7, . v Aot ' A
1391 2.3 WSauifsulSanaldsiues Spirulina (WA9) NUUREIBIMITLTELANE 9

USanmluséin (%)

il 18-20

aj 10-25

Siabl e 6-10
21729 7
fuwdas 33-35

Usn danduns 20
ARDLIRAN 40-56
Spirulina 69.5-71

X = a &
Nu: LIBUIAG (253 1)

MINRARINIY Spirulina luﬂawuuanmnLﬂummﬂ.asmmmwummuuu‘l?j
mmwmmawaulummmm I@mmw1~amam'lummsﬂma’wmmwama woONINAINS
aanqmmommwma 9 'lumm’mmm‘lmammuamwamLmvamwmswsmmuimﬁu
aomumu



212, ms&‘ams*n:ﬁnm'lw”uﬁwﬂumm’wsmmﬁt{i’n

mm’wmmﬂL§nm&m‘nNﬁmf”nﬁmﬂummm:aumﬂlutfnaﬁ"l@”[@mﬁmfu’lumrﬁﬁ
SMNUAINNNATES 17 mMimanenglulasiauluamis Lﬁmﬁﬂmmm?umwnann:
WIARDNAINETY mm’ma:ﬁna"lnmu‘lumzﬂﬂmﬂﬁwmmsa:mmnuﬂuﬂuﬁm”mm:a:aw
‘lud'suﬁtﬁumaommmalumaé’ (Cytosol) IﬂUmiv‘iwwwﬂaonssmum'sﬁvﬁaam?Tu Organell
2 aafie aaeliwanaduazlulnnouasy T@mﬁﬂaaTswmaﬁﬁmﬁﬂﬁa%aﬁ'}ma G-3-P
(Glyceral-3-phosphate) mnns:mumsﬁhmﬂ:ﬁuaa‘[mmufuﬂau@ho 9léun n1vge
dlanavau mzmumm‘?am{uau"l@aan"lsmﬁta:fm”mm?u fanlulnaauiaderzilany
1es G-3-p (Glyceral-3-phosphate) 1ilu azd&a-lata (Acetyl CoA )%ogﬂ?ﬂmaﬁaumwﬁﬁu
°umnwé‘amﬁ:ﬁnmvlw'“uf@nﬁ'msﬁwmuiwﬁa NADPH" LﬁaLﬁ@lmmﬁ”wnmm"lmﬁunm‘lu
Lsnéfﬂmvlw’”uﬂ“?jnmn:sweﬁﬁu G-3-P(Glyceral-3-phosphate) vfiaﬁmﬁmﬁwﬁtﬁmmunmo
§MIUNTaT9 Triacylglyceral(TAG, Triglyceride) éﬁaLﬂumsmﬁﬁmmmLﬂu‘lﬂtﬂuvﬁratwﬁa
Biodiesel Aunia3se (Zeng et al, 2011)

nm"lmu”uLﬂumsﬁun%‘sfﬂmnnﬂﬁo%anm‘lmﬁummmLqu'aaan"l@i” 2 Yszinnde
nmvlmu”uﬁum"'zLm:nm"lw”u"lajﬁ'm”’a 39 luaiud e (Saturated fatty acid) fia nyalugud
w”uﬁ:sxm"mms‘uauamaulu‘iumqmﬂuw”uﬁuﬁm wazlimansnsulalasionlasn igas
via 1iin CoHan0, i uLadiES liU§Asenuaendion MldliAamsinduiuean
88nT1aU (lipid oxidation ) uas mialvaiwlaidudy (Unsaturated fatty acid) Aa nyalyaiuig
w”uﬁ:fjsxwmms‘uauamaw'lufmaqa 1 WiBzHSaunnIn Imunm‘lmﬁuvlajﬁ'w”’um\aaan"loﬁ”
2 U3z1nn s Monounsaturated fatty acid Lﬂunm‘lw’“u‘laié"m”vﬁﬁw“‘uﬁzej 1 funinge
Polyunsaturated fatty acid Lﬂunm'lmﬁuvlziﬁm”aﬁﬁw"uﬁ:g}'@%u@i 2 dunsisdnly)

n39 lvaiuuas Triacyiglyceral LﬂumsﬁmaﬁamiwUmmmas’wﬂﬂmna"lmm:
NITUIUMITNATIAGINS 1N JUANIUNINA  uge INMIANMI89 Hu et al . (2008)
'l@Ta%mﬂnszmuffamﬁ:ﬁ'nmvluﬁu’lmmzfm‘né’mvl@i" TosSuduasaiduds Acetyl-CoA 43
Lﬂumsﬁ'lﬁ'mmnmi'lufwﬂsaum?zjmﬂ‘lumaﬁ G Acetyl-CoAvzgnilduuutlaslaants
nazguvadionlmimargriio g

1. Acetyl-CoA carboxylase (ACC ase)
Malonyl CoA:ACP transferase
3- ketoacyl ACP reductase

3- hydroxyacyl ACP dehydrase

L

Enoyl ACP reductase
Egﬂﬁwﬂwawﬁﬂﬁ’lﬁmnmzmumm‘i‘;né”mzvlﬂ”nm‘lww"uﬁﬁms‘uau 18 BrmavuA:

”lajflw”uﬁ:ejlulwtaqa%a na"lnﬁ?mmdmmnLﬁ@mauﬁﬂaa‘[‘swma@i‘maamaﬁaws’w ueilu

m’lmﬂuﬁau,z%";Lﬁaﬁ’lmﬁmsw:ﬁ“zfﬁmaonmhu”umaomm"lwmmﬁnwudwﬁnmhu’”uﬁ



ATUBUNINATY 18 Bzqay Snﬁ'aa‘i’aﬁnm"lmu”uﬁLﬂuw”uﬁzgwannﬂawﬂwﬁ@ INMIAN
i v a () ' o A
U89 Guschina and Harwood (2006) Vlﬂaﬁmﬂ'lm'mmwwmﬂLﬁnmmmnssﬂwuﬂﬂ
IIUIUAITUBUNIANTT 18 a:mauu,a:ﬁ'flﬁl.ﬁmw"’uﬁ:ej"lﬁ’mnns:u'Jums Elongation &z
N3ZUIUMT Desaturation laenszuaums Elongation fa NITUIUNTLANDLADNYDIA SO URS
d A v Qs ! t:i o o .J 1 v
1ufiaz 2 a:mamwa'lﬁmu'uaonm”lwuﬂ‘[maqamamnwumsnmﬂmnLﬂutmmlwamau
maam?‘uaulqutaqansa"lmﬁ'uﬁa Malony-ACP  (Hu et al, 2008) #9Bn32UIUN"S
. n:l o v a Qs ' Qo
Desaturation ﬁanszmumsnmlﬁmﬂwuﬁ:g‘luhLaqamaanmhuuiﬂﬂﬁaamau’uao
= a ' a
"laiﬂitauaaﬂawnIuLanQa}wnnwwn 13019304 C18:0HIUNTZLIRNIINTZLINANS Elongation
- a o a el J § (3 [ A
WATNITUIUNIT Desaturationlasfinisiiuariven 4 BzAULAYIAOWUDLEN 6 dunieds
' ¢ A 0. 0 o > ol & ' a
88 ANIVAUBEABNT 4,7,10,13,16,19 AuEIEL HAFANIBLBHIUTUA 8 UG 9 97N 0N
U 3 v L a a d‘ o Qs Qv A
mvmU’umﬂLana:mmsnmnnm‘lwua:ﬁﬂ@an(sz:sn-4) wWarh lUnudanumsiug
¢ 4 4 v a a e ed ¢ v A A a el & & 0 g
mﬂlmsnamwam'lmnmamnmmmmamaamsmmualuuamnmmmnwuua:umw
mwz%’m"zymn@iamswﬁm"lu]:aﬁmaﬁmnmwﬁwmmﬁnﬁa Triacylglyceral
Q A 3 ~ ) ~ &‘ '
nmvlmwuwwu'lummwmmﬂmnuma:’ﬁuﬂaﬁ”ﬂwumy‘lmﬂmﬁ fualavasida
an a d a : - 2 X
amsniAves luledirafiufasnaviizumesn NNNIENHIVEY Moazami et al. (2011)
k3 1 9/ 1 A “ L =3 1’ 3
landa i hamiedivsnmnselusiulowsn (C18:0) lwaasgoezdonarnlwlylodiond
i J ) o o A ar s [ a:
AR RN UL T o IN RIS UN T AN WA A L) wwavannsaladulawdnezdioiiy
] o/ o aaa as a ¥ | o A 1 . Qi
AETamMIdeswIIYNU§Snusendian (Oxidative stability) T99zFIHAGDA TR
- VR ' a o A a o
mInmennuasiaiivasluladios wannisITIuaaen q@qﬂmu”lamamqmmum (Cold
, , 24 2 aavi D 4 A
filter plugging point,CFPP) 6150Lﬂumnwmhzanﬁmwmﬂ'mwuvluhﬁmaluwuwmﬁuwm
° { s 0 & L4 k4 w J
BU m'lﬁ’lu‘[aﬁmaﬁwammnmmﬂmjmﬂLﬂnmmsn‘lmm’lmon’na"lﬂmnmu N
ﬁandﬁ’uﬂ%mmuawﬁwaanw"lw”u'lumm‘wmm@Lﬁnza”aﬁawavia 0NIBULNAI AW
-] Nl A 1 a‘ U P | = QU a a 6 a = =
wila ddinu smﬂumﬂ'lwanqmmw'uao'lulaﬂténaanﬂaﬂ Twdsmdivgnsuaalulodimss
v vV Q 0 < 1 Aot U ~ § o [ A
ma'szq‘h'nnsﬂvlwu'lua’mﬁwmwLan‘lwmsﬁwuﬁ:@,’lummnun’n 4 GURI INDANY
WROBTVaI N WAL ﬂ“’aﬁfumnmmiwmmﬁwu’mLﬁnn'sjw?a‘nﬁﬂ'lmﬂuaﬁﬂsznaunm
s > a o VY a ~ - 9y n;’ A
'hmu‘namﬂum’lm:mmmm’ln;dwam wdalulodraladnaundu anaisei X,y 8z Z
o e o ' & da £ o A A
Lﬂumsﬁmaumaganmvlmuuwwu‘lummwUmmmLanwunumm'lmﬁammamvlu“[aﬁma

2.3 mslaamsaiuunadsluladias

mafindurasuszans wazmINEuINILaTEgie i ldianudesnislunisle
WA UBTUNAI2 Ml A s TI N R e uWREINSINUINIUAL dauTlandon uunds
WRIUATUSIN TR ﬁmmw‘“uuﬂwaammgo w8z Inaluna s s9mnandl 5isiug
famsinanIziSaunszan (green house gases) Lﬂaomnﬁmiﬂday CO,; SO, uaz NO,
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ﬂaqﬂ'mmsiowa“’amumoLﬁan%ﬁ’umwau’lmﬂuamomn WATINAIENIE N NINET I
ﬁ?Lﬂ§U§ ussaiagd lalasian su uaz biofuels (Patil, 2008) lag biofuel tHuwassuiilaen
faid5a omagluzivauds vaanar niouna

lfin1s1e biofuel waaudid a.a. 1990 lagldunnnuiananamainwas weiluang
A% AAITTN 20 wamuuﬂfmanmwmnnm anwiloulu biofuel F9anas udnatanniius
”lmumwau’laanmatws%maamsunﬂmmnaa‘[aniaumnm’a z3aunszanuaztymwian
AL AUIYTIIROIIPNY, | S R muu‘luﬂaauuw‘lﬂwmmumLaaﬂ‘l’mmnﬂumamsmﬂmtﬂu
UNSINAN biofuel Lmamo‘lsnmums'lma@mamamsmwsmtﬂmmwu’lumwam blofuel
uuvlmumnwnnmmsm"lwmumu mmumﬂwwunﬂsmmmn‘lumsﬂanw’u UM
HiananMeviaTudui say 2w 1u mumu‘lmﬂmmﬂu'lummamwamnmm
mammsmmuuuw mamn@ummumnnmﬂazm"l.ﬂl,ﬂu biofuel wnu Favil¥savay
Namnmmmmumsuﬂnﬂmawuwawu wananfiualluntadsuadou biofuel azvinly
mmﬂawmﬂmumamﬂunumumnm“lmmnmuurmum usinszuasiadu biofuel Aans
Lﬂumamwamﬂaawmmﬂmwmnwsﬂmwamﬂ"l.ummyﬂnwwumn LW ani
meﬂgnaugsmwmwm

2.4 Tuledwa (Biodiesel)

Biodiesel 1uiyziannitsvas biofuel maﬂlusﬂmaomm Tuse ZAUAAFIMNITUMS
wammuu‘ln‘[ammaLﬂumsmmuuwma:”lmuuammuaamh snaumaediidulasndizva’lse
uazuaanaganwiladine g 1 Lamueanialmuag luﬂsmmwmnmmﬂgnsmmu NIUF
LomnasAingy (Transesterification) T@y‘l"nnmmamatﬂumLsaﬂgnsm INBLNANTT VN T
vadlasndwe lsduazuaanagas nJawmnmummu"lﬂLﬂmanmaamas (FAEs) wiaiufiatag
\nas (FAMEs) uazfinfwasuidunansasle 2 m;aamsmmmauumwmwaunumuummmn
mm Tadfaf Ny (cetane fAraziinmsaadal) mmnmuumm Mlv@ainsasd ms
emmﬂaumm Wansuanvauenlodiag ”lwmumua:mawlaﬂﬂaan"lem suvalaniy
msaomm@1Lfmvl@"[mmsa"lwwanrwunumsawu@ﬂm 201 dundmaiui lannisuda
nmﬂuwawaan‘lﬂ”l’mﬂmmqﬂu fWsLgAmIANITNEN 1aTaadans dsunsadn 989y

biodiesel 1uunaana3 Ui laTUAINURDINSUES lunumisagRudu ’lm.l?)igu“u
mmumman‘l‘mmn@un‘lu’l‘nmmsmmuuumﬂummam biodiesel lasuanuanlaiiu
8E1INN Iﬂummwvlmucmuau‘laazmm‘lum'smmlﬂumamammuwwmﬂmmaomm's
U damdes thaw  uazenlus st1~w11ﬂ“1uns~numatmmmmmuuu uasiduungs
waIwAdanulaaasy \ufdasdafanasoy uanmnummwmwuﬂmuﬂsmmumun
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GRETRT) ua*muumna'ms'lslmmmmm‘lmﬂs.f[mﬂwmfmmﬂ woNANITodUBIE MY
Aasnansormse Weswasa lulasiauoninge uazananIarinIansuanlasenludssgqey
Ltﬂﬂmﬂ’m’l’)“’ﬁauﬂi"ﬁmvlﬂ (Antoni et al., 2007, Chisti, 2008: Huang et al., 2010)

6

| e e | el o ) o ¥ owoa o A
Lmmmﬂuﬂs:mumam‘lumsmmmmm‘lmﬂuumamuuﬂa mauaanmﬂwug
e ldinunzay ﬂa'lvxﬂsmzumw'l@ama@uawummsmmu‘[ﬂmomﬂ WAIIINTHAS
maawwvmﬁn'mm:mm‘lﬁ’lmunum uavwwm’mmsmunanaﬂlmwﬂ w.ﬂuﬂaazmmﬂm

mn‘lumsmwm GV atitlgl Lﬂultﬂﬂdwa@]leIﬂﬂL‘ﬂﬂvL@ CalD)

%aﬂ‘mﬁumahﬁ"lai'l'ﬁ?aﬁziamn dudananiiull  Teawuiiningrengas
amammm"l@umsﬂﬂLaanmuwuﬁmmﬁywmmmmmwamﬁu biodiesel 1@ luiGsw it
'1mmm WAz meammmwﬂluuannmmykdmu lasnndwamle LLa'vvluLmﬂﬂuLﬁauay
mynssasriiadusidudousitn daaa winsududsiddmsurriuemie  Saiinisvi
Wisusmnelnanulsahdagy u,aywmwm{l’nmuumnmﬂﬁzJLﬂu‘luiaﬂtsnaaﬁuwsn
wanlgldnusniaTassudsios uasatostwlanwls (http://sciinaction)

lasnsuda biodiesel MNFMNBBENGBITNMIRILANINas IRt A IR
uluamnmsiduandramilyluudasns iwnasuluansgelnsn fa ASTM Biodiesel
Standard D6751 mmu'luﬂhﬂuﬂnmmsmuw‘lmmmnmuwmuw (Standard EN 14214) uaz
‘lmwmummu (Standard  14213) u’mumnmmﬁwmmanﬂawwum@"lwu'luaummu
81289 mJ 4 Wuﬁ'wﬂﬂﬁm’lﬂﬂ')'] A28819 N30 eicosapentaenoic (EPA C20: 5n- 845 wumﬂ)
uaz n3a docosahexaenoic (DHA C22: 6n-3; 6 Wikts)) ‘INWTUVLGﬂﬂEI‘YI’JVLﬂlquuﬁ)'lﬂﬁ’MﬂFJ
N30 lusi methyl esters (FAME) mwumﬂ 4 winnni lasunsrinifiauesinaudilain
biodiesel 13znauey triglycerides (MWl 2.1) Usznausonse i 3 Tmananmwur
ester Auluianaves glycerol lunn3v biodiesel  iulas triglycerides v:¥in1 fATunnu
methanol 138nU{Ai3en transesterification #3a alcoholysis Ugn‘imm):maﬂ methyl esters 184
nva lusiudadu biodiesel  iax glycerol ﬂgn'smmnmmﬂumu@aum"ai‘ré’uﬂ”uu.'sn
triglycerides  aziapwidu diglycerides a9 nnin monoglycerides uazganizazle
glycerol mﬂgnsm transesterification #84n17 alcohol 3 Imana‘lmmaﬂman&maa
triglycerides Lwawam glycerol 1 Tmana iae 3 Imana Va3 methyl esters ﬂg]nimﬁl RUAR
wudluaasmnssumndnazles methanol 6 Luiana ’luumafvfmanamao triglycerides @ailu
M351% methanol wmmnuwmwammLm'laflumsmmJgn‘smlun'mﬂa:Jul,ﬂu methyl esters
meﬂu biodiesel HANAAUDY methyl esters 3¢ aam 98 %mamvmnmmgm (Chisti, 2007)
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CHy-OCOR, CHrOH  R,~COOCH,
1

Catalyst
(I: H—OCOR, + 3HOCH, T——= CH-OH + R,— COOCH;
CH;"OCOR3 CH>-0OH R«;"'COOCH3
Triglyceride Methanol Glycerol Methyl esters
(parent oil} (alcohol) {biodiesel)

A % S :‘ ol X . 1
MMM 2.1 Transesterification va3viiuilu biodiesel (R1-3 Aanguvaslalasasuan)

flun: Chisti (2007)

uanmnummammmmwmuﬂimm‘[ﬂmu mﬁu"lmmma“msmmsau6) g
muummamnmamammwam biodiesel U&7 Lﬂwaammamm"lﬂanwammmwwam
aaaus] VIURITH ﬁ’]i@ﬂﬂﬂﬂﬁﬂ’lx‘]‘lf')ﬂﬁw LLEI’J%’]&'J%YILVIGBVLUNR@]Wﬂ\‘l\‘l‘l%ﬂul.‘ﬂ% Wnu  wls
mvthmmsmﬂﬂmu m’nuaﬂnwumaammmmu’mLanﬂlmwa“vlﬂﬂuamﬂs:nau
119 (Chisti, 2007)

2.5 mwi'muazm'mmmzau‘lnmsﬁ'lmLﬁutméaﬁﬁﬁu

msmmmmmvmwmmanmm'snnﬂmw IFAuiReunifaraly Tasndla
\BudeRud 1 1zauas smngvaEnan sl lduings ss ,700-136,900 Aq5 B9
mnnsnsihduliaile soso 8073 (Chisti, 2007) uanmnummmsn‘l’nmmmmmm
@4 9 Lmumaamnmnﬁsnwﬂam aunniugns wiammirena wlgidussamsluns
WIZIABS (Mulbry et al, 2008) Lmimmmau”l@aan'lsm'nﬂaaUaﬂnisoanuamawunssuuwlﬁn
‘lusmmwmammmwmwmsomsmmmuim W lifidunulunnied wanenilsige
Ltnﬂmmmsﬂaaﬂmsuauvl@aan’lémmaa‘[samuammﬂnﬁu'lﬂmu laganminasasluszuy
ﬂmwm'mmww.ammmmmmmaﬂﬂsmmmmsaum zanldinnils 82% (Scott et al,
2010)

mmw'lvmawammuumnmwwwmwum (@390 2.4) laswurmngming
wnainiyumiaiuluasditosas 30 dmsinusty mansalihaiwleds 58700 Aavaa
Laﬂummaumﬂ Iﬂnmmmwamvluiamma‘lﬂmm 51,927 Alansudaigauaieail 4 TIganitie
B st e 1hdu fandes v
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A a a a &t e ' . & W & a 49 v a
AN 2.4 u_h'ﬂllLV]Ulll.hlnmwaNﬂﬂuﬁ”u?:“?qﬂaqﬁsqﬂmuqﬂLaﬂ ﬂUW’D’UW\”H“ﬂﬂlﬁNa@

1uladias

= =) a :‘ Lt Z ch v a =)

TRANY vinahais | Aunndesnisle | asudaluladiag
mstan (M (kg biodiesel/ha
(L oil/ha year) i
year/kg biodiesel) year)

1M 1we 172 66 152
fundes 636 18 562
aluan (Canola) 974 12 862
e 741 15 656

*H9 1307 9 1156
MUAZIN 1070 11 946
thausiain 5,366 2 4,747
auwlawn (Camelina sativa) 915 12 809
RIMNLVINALEN (11130% 30%) 58,700 0.2 51,927
FMNBTWIALED (A% 50%) 97,800 0.1 86,515
FMIWTWIAEN (HI% 70%) 136,900 0.1 121,104

flan: Mata et al. (2010)

ﬂg/ ' 4 _ 3‘ o
2.6 NILAYIFINILND NIIANIAWBINY

m:mzm biodiesel 3 n&1IE HinldlasniTinae Lammmwlﬁ”lﬂﬂﬁmmmn Y
'l‘uuuao mnuummanﬂmuuaanmnmmw mmmﬂnmuuaanmnmmamﬁumms
FERUVDIRINIY WAL mvlﬂl,ﬂm_lusﬂtﬂu biodiesel (Mata et al., 2010) muwwmmmm*
W mmmmﬂmmawmmuu mnﬂumﬂwuﬁmwmmmmu ansasandule’le
aL57 uﬂsmmmuum uazdrssdanIsIAuLAnn T@mwmwmwmwﬂ*smmmuuua:nw‘lwuu
VAIFIN Y wuszmuﬂsmmmsmmma:am:1:'l,un'mammvmymﬂ (Khotimchenko and
Yakovleva, 2004; Merzlyak et al., 2007; Mulbry et al., 2008; git5aif 2549) Taenfastiifunda
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n'mﬁrmmm"luﬁmmﬂ%i‘i’uﬁwﬁ‘uﬁ'aﬁ UasamemenIn i u&9 (light) ApnTasriy
nIzIUNIFLATERLaIuas M ydvlavesamhe msmmquimawnnnnuomn"lmu
ussnniinly amﬂnuuwamamsmmmaﬂﬂuawnmnssuma6] 2898378 Tnadalaseaine
maaaaﬂﬂswnaumylumaa“[ﬂmww slsduuazlody dasemand udeseiiodsesy
meewnIfamedasms i lulasan Iwiinangaslunsdnamewia a9RIRIan
Hgludanssumsriauseanlas mmmmm‘lﬂmmumaﬁom*n.lsmaummawuum
NAUNY  LT% mwwumlusﬂmaomuu wiauts Waswasa mmmaanummumsmmaﬂ
WU BUIUNITETIINsafiinaanuasgining d1vreneaneszinldUsuauldsdu
ﬂaaisﬂaa 18 RNA, DNA 2assmnsfidaunauiniuanas daudsunnwls aslulaan
R wangielumsgadululasiawvassmng trslusvaumisoas s PTG raY)
ARalINAR-1D phycocyanin

a8 ' [
2.7 UUNMTIINICLALIFEINI gIWIALan

iwuumnwummmm’m’um@lLam‘wamwam%al.wao Biodiesel 'lm.l%'nuwm'l
suvnulvean ety 3 ﬂs.ym‘n'nans] ldurdszinnd 1 3:uuila (closed systems) (duszuy
‘nLW'].vLammm’mmulummmima‘lm uuﬁ(ﬂﬂaﬁwu 4 52 % LTUI2UY Photobiorecator
Uszinnii 2 fa szuuila (open pond) ﬂaszuumm:tammm’mﬂmaum Juszanm 26 %
f0819TUTEUL Raceway muﬂi.,mwn 3 ﬂan'mW'lztammm’m‘luwuﬂﬁm’mm (natural
settings) 4 22 % (Singh and Gu, 2010)

V. "6 | mSLW'l:LaUda’MTIﬂluﬂﬂLW’l:Lgﬂ\‘leUi:UUﬂﬂ (photobioreactor)

_ : X ; b
3201 photobioreactor - fiavagndulunisiwizidsssmiaiisasions glu
' A J o = ) 1
UL VBIENINYWIALANL T WIZ UL AT U TITrU LB sz RUAMNFNTIIUMTHE A E IR
vwaLdnludSinamnn (Chisti, 2007) photobioreactor AMaLIWUL 1% photobioreactor L
riadsznaudrsnisiaSesrasrialussum luuminouniouuios radwmlngianwsiadn
nIauna msnm’uamaLwa‘lmmmmnawavlﬂmm (MR 2.2, 2. 3) viadilasvialSidn
AUARENA1 0.1 Las Wiadinin Laumuquunmmawmmﬂlﬂm‘,wamnﬂﬂauao‘lajmmm
' i Y o o ' X & a & ' ' A a bt [
foddmlannyildmmhelales suvuineuIvmadsadwlairsdaiiios fnsdasny
a i val o i P 0 e A & o
msmw:nau‘luna‘[mulwuamwmﬂmlunagwuammamao lagasasdu aniauuy
v ge v [ o ' 1 A
airlift  uazdaIiT1IRIANNRZEIOEIINE TN GaTia ua~maammwaanmauw
ANNITFILA TR RS stwzaan«nwu‘nmmu‘lﬂwuumm‘saaLﬂs'l~mtawaaams'1u"lﬂ
mmmzmuaanmwgozgm'nmaammmnu‘lm”[mm"lﬁﬂao‘lmnu 400 %AuAIINEINA
- i A o . k. o & & o . s o
sandanlimaninwedaudrsaanainyie photobioreactor @IRUM LWL R BITTI93L9A
§USIUAAMY (degassing zone) umssanasemannmsszauvassandian
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mInasedved Hulatt and Thomus, (2011)lévniInassadssgnie
Scenedesmus  obliquus lu photobioreactor u,mma'luumuammwu"lﬂmml,mmuwo
nasudnduim 6 ieudsudgrsdonininuiodantuson Bafnsidvasemindu
ﬂsnmm"umsmmm pH lasilrindy 7 Lm‘lwunﬁmnﬂulumumaaLsaaammunl‘ﬁ‘lums
\RBINUIE MY Scenedesmus obliquus mmm‘lmawamm'v'lﬁ"lmuma@wu‘lumau
&mmtlu 14.26 g /m® /d’ R 1.90 g/m /d

B Fresh
medium
Exwiust
g Harvest -
Degassing N : "/4 o
calum /4"'; i
o "'_/ 7
Cooling _ 7 A %4
water S LSEONL
/, .
" /»
i
A ’4‘ /,' /
i ]
" p 2 .4) ).1/ 4,
£ J g
A 4 ‘ LA (Tt
| & P
AV 4 ; Fhototigreactors
' £
3

i . ) &
2NN 2.2 Photobioreactor Ltmmamwwmunu’lmtmuau

ﬁm : Jorquera et al. (2010)

From
degassing
column

/ North

» To degassing
column

4 g &
MNN 2.3 N34 Photobioreactor 1uuuie

flan : Chisti (2007)
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2.7.2 ﬂﬁiLﬂ?UULﬁﬂUﬂ’)iLW’l:Lgﬂdﬂ’m'ai’lf.l'lui zuuanazyzuuie

Mawzdeszuda wiouuy Raceway 78 ldiSouifaiasugaaaiido
\WiBuLisunUszuy Photobioreactor Mstwnzianssmieluszuy Raceway {1a'laiUSuuiss
Lﬁsmmammﬂu’mnaﬂﬂaLsaamunwaommamnumumulumwammnmmn’nsmu
Photobloreactor muu’lummammm’nmmm'smszuu Raceway tiauvinl¥uananf lodsian
IMefidini wisghelsimataidoiSourasszuy Raceway ﬂamsﬂmﬁaumaamﬁﬁwuﬂ
dufinaliiAnnnuidonourise suunsidsaitesannadsssnieluszsuy Raceway
Tasvialidunnd BINNEUBNEIAT3(Outdoor) 1uaﬁu15nﬂaﬂauam'rn'mwnmm‘lvmaw
NaHFATlAiINI132UL photobioreactor  dause vufladdadinitfa linandngs mathwifou
wia'lasn mu‘lunaawunmaomﬂ’nuu'lnammnu‘lumaaﬁuuu Chisti  (2007) ¢
ulssmmuumnwu.ammvﬁ']wmmanszmnswuuﬁ@ua alofilFlunsnananisama
iinfindaluseudda 100 & 9975 2 wu NN nsldansuaulasan’lad lasuges
mmmauwmuﬂmm*aummumsmmua"n"naan'ﬁwammmammmmmmmmma\‘l
mwmzmNaﬂ"lmsalumsmmuuummﬂ‘lmy 'lusﬂuuu'uaﬁ:uuﬂ@uummmwamﬁ’m”u"lﬁga
niuwuuszundeds 13 i

2.8 ﬂaﬁ’ﬂﬁﬁﬂadaﬁﬁé’awﬁmwaamniw‘lusznu photobioreactor
2.8.1 Us gmunndl

mvmﬂ’ummanmmsnl'nwmmuuaumamaaumLﬂaﬂumsuauvlﬂaan"lem
”lﬂtﬁuaoﬂﬂswnaumammemﬂmﬂaawww'mmommumsaamﬁmum Banlul iy
ddumsdanwle s Photobioreactor °nmm'vamamnwumwmuummamsaaomu
'uamms’mmmwum'sﬂaumaoumu.a‘”mwmjaowaa"lumsawmm lesninszaevessed
mmmoa"m@'lumawunm’lumsmmﬁmmemm sANAOAALIINLINRY L Ta sl
wavmma mlﬁaﬂﬁmsmmmufwmwu dadunanlumIsenuyy Photobioreactor fal##l
wuﬂmmﬂnawaa@mmuﬂsmm u.awmwaﬂmmmﬂmnwlusmmwamﬂ@wuumum
fing 9 umsmUmﬂsmmumm']aimnammamaouawmmwau AMULRNIZFNVDIUT NI
mwmwuwmm‘[mﬂﬂﬂmnmmaawmnu'lumnwmammmmmnnaamwumuﬂaw
@99 stwwmamsn@uaaauamlﬂmuﬂnmasmmu‘[ﬂlunmww"mmumwuﬂnmanumau
MIFUNRUFIFA1ITY amo'l'snmu'luswunumslﬁu,aaamwamaﬂmmmaﬁm‘mﬁﬁ
mn:ummsnlummsm;"umnn'jwlm:uuﬁﬁmﬂ'ﬁ’umazhm’atﬁaoIﬂULLaoLﬁuu (Traveiso et
al., 2001; Kunjapur and Eldrige, 2010) udussfimn Al mluamvmum uEIuAZg AN
D1 IUUNEIUVDIL YRS muumwL’u11uammmuawaﬂmimsmmuim (photoinhibit)
mmwmmmanwnnuummmtaoﬂmwwuuama uazaadamnasydulass (Chist.
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2007; Kunjapur and Eldrige. 2010) muuummamnmuaulﬂau'lus,@mlmm zaulunn wie
vaenfinly

Narwade et al. (2011) aanuuy Photobioreactor luﬂ’litgﬂda’mi’lmmﬁmgﬂ
Spirulina  sp. Tasugsduasniasiniu a1n LED lamps  lun1sdaiaszivasanirs wud
mmm“um@Laﬂummmmmmu‘[mvlm‘lmvuu Photobioreactor lasnauussduainiotngy
Lﬂumumanﬂumsns:qum‘msm@muim Lm:mwmaLuaalumﬂmuLmoazhauaunqﬂ 18
ﬁ’ﬁim@im”un.ﬂunmﬁmmmuﬁqm

2.8.2 YN was LAz A NN UT Y 98158195

ﬂ?mmmmfuawmwﬁuiumaamimmsﬁlﬁww Wessmhswadng
wazaulu Photobioreactor uwamamamammaﬂa@@aﬁmu WIzdTunousasuazaing
mww’uaamsmmiwmma@nmu"lllawm'lﬂmwawam"lm NNNNINANDIVBY Traveiso et

. (2001) mn’mwwvmmmmwmmman Spirulina platensis 1w Photobioreactor wuuvia

T@mwumms (7 9 BaINTIAL) Wiuennaslaglddandmlanysuias 1:20, 1: 10, 1:5
e 1:4 Ylamﬂmil,ilmna (Dilution rate, D) f8 0. 0019, 0.0039, 0.0078 uaz 0.0117 @a'II’JIM
swﬁwnm‘lutma“mumawaosmuamwmsmamma 9, 7, 7 U8Z 7% ausau aaunniiag
1uz74 28-30 asriaaBus uMMITEsIMYe 42 50 W31 Photobioreactor wuuviai
Ussanbnndiviesmadmsumsiaiyidulaue Spirlina platensis MaINaavaIfiIave
Photobioreactor u,mma'lm.vuuummmmaﬂamﬂumm’mu 040 nINdBAATAEIU (8.52
niudaIuanaeTdaiunsa 6.45 NINAIININATADTY) MIZAUMTIEa919 155 LaLEAs1MS
\38991Y AL 0.0078 datalug

Henrard et al. (2011) ‘1ﬂﬂﬂﬂ’lﬂ’l?tﬂ‘itﬂtﬂﬂ@l%ﬂd Cyanobium sp. mamlu
Photobioreactor LunYia NS aurasuas ZANLTNTHYBITN TO M IAUANATY USunoaaag
0.8, 1.0, 1.2 nawsdalay dananududusasasomsiilanauidily (renewal rate) 30, 40
usz 50 % uazawunTugaslsdualuafuaua (NaHCO,) lumseiuuyysening 0.4, 1.0
unz 1.6 niudadas maldnnuduues 3200 snd 6stuas 12 salusdai \uLmadNIumT
fmsinuis iwam 57 T WUTIRMIBUUIALAN Cyanobium  sp.  TNIABUFUEINS
Lﬂauuuﬂmmﬂamua"lumsuatum’uwu 1.0 nIwdadas YSnouwas 1.0 niudadas uas
sanenuduTussamnlanaudly 30 wie 50 % meldanias ZAINENIAFIFATBISAT
mIsyLaulasumie Mainde uwazipinimaaiyidvlada 0.127 datu 0.71 niudadasda
W uaz 10 sau anudau wasluminasasi 2 Wnouaas 1.0 n3udadas sasnsidu
omsnaudnlulunsidee 30 % uazaNnurntuzasluasuamaluawis 1 nudadas
annmonanuwmanmﬁ“n:mimsmmufmmanmm (exponential phase) mamu‘na@
(55 34) FAWNIINARDIN 6, 11, 13 Uz 15 figinslunissaidulae 8 sau 'lumimaaams
quamﬁ'l%mmwaﬂmmammw‘ummamam‘luam”nmnuwumumsmmm’tanaumm



. = e L g / ~— :
mﬁnnaﬁuﬂﬂmq Wzromndimanszii G
T

40 % uazanudviwvaslmdonlunfueame 0.4 uas 1.6 niudasas s lsfiauiainga
ﬂ"lﬂmnamﬂm"mmwumsmmsnlanaum'lﬂ 30 uaz 50 % suwusnulmdswly
ATUBLUALTNTY 1. 0 NINAeAAT mumaamnmmnuummUu.auﬂuﬂﬁn;]nﬁmﬁsswmmn
Wadulunmawias, SAEmIBIaENiasnUSIn auaeisn Ay Szt lfiAams
uJar.uuuﬂa\ﬂ:@amswmmam’lﬂmsmmﬁwLmﬂnm‘lummwmmman LABIIINANTRE Y
189 H,0, Unngmisaisssumaenarliifeanizedoe o ANNTNTRBB TR A AT
mmummw'lmummu‘lﬂ

2.8.3 msuanlaeanloduaziiiey

Iuszuumamsdsss s nuy photobioreactor da3linsnunuyls

vsnivanlaaanladlailiBmAnlauidusuas o usnsngmes slddiias aadwnn
il mamaa"lw'lmmmau"l@aanvl‘muamnu"lﬂwmm*nmasmmﬂmmwsvu"lmwmwa
s msulglusuiwmssaanziuas lagwuinesuanlesanlodiiusuio 1-5 o (lasdSunas)
vosszuuduseduiwinzautugImg I@mLmaammau"l@aan'lsmmwaﬂﬂamn‘[somu
9ARINNIIY wmwLﬂumimnawmsuau'lﬂaan'lsmmzﬂaauamsmmmmzmﬂaﬂﬂrym
nzlaniould (Ugwu et al., 2008)

2.8.4 2aNTan

aandlauianusniudanimislavassinie wanINunArinduaseny

FIATLLTUNY Ysnamrgsendianluszuumsinisds suwsy photobioreactor LA®3IANS
FUATHUFIVOIT MY uaziitosnnidussunile aanmmummmwmsmauau’lmvuu &
windaangiauninifiulussiasigasining amaaumiaammuswuulmmss:mﬂ
sandlunnszuuwsd e le

2.8.5 mnyuisusasinluszuy

v

; )
NILWILREIFI I IwIzUY photobioreactor mawmsmnmlwmlmwuu

<

mmywisudaiiias Lwalvxmmwmmmaumanumsmmmmuaﬂmmomm il
swheinasydulaldd mnmsmunﬂumaam”lmwm'lvmmwmWnaunununuﬂ
SR T IL T TRy b e
2.8.6 Uasuan 9

nInvguanzwIasealuszvunzi s lae i dnav vz minednng
wIiyaulalda ‘lmawamm uanmnumﬂwuﬁmvmuw‘l’ﬁ’lunﬁmw'ﬂ.ammﬂﬂumﬂwuﬁﬂ
MNNZRUNURNNIE msmmuanmaﬂgumms (outdoor) LLa:mnﬂumuwuﬁnIm 'lvxmuu‘lﬂ
g4 mm’lﬁ‘lumtﬂumawmimLtﬂaawuﬁmm’uaammw mtﬂmﬁmsm}aal‘ﬂnmmuum
FunNUge

130293
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>
unn 3

Aad o A a o
IDANUNUNITVY

3.1. n1sm‘§uuﬁ'm§aa1w§w

o J Qv J’ 0 = v ' = 5 n:
mmalaswseswig 2 afia ldud S. platensis uas s, dimorphus lasn1s.8y9
' : . v A .
mmwlummsgm Zarrouk medium Lz Chlorella medium 'l.um‘ﬁuzumwmsgm‘msnmu
' J (% v A . J’ :J a o] s & n" 1Y A’
N3N TEMI UNN DI NTD NAWAJN 121 C ANk 15 Yaus/ans9iia lukaaimziaeg
0 t:‘ -3’ =l a A v " a A’ =4 4’1 1
fnNunlaaalss umsmuqmmwmqmugu Lwal’ﬂﬁ’lﬁi’]mﬂuﬂ')L‘Haluﬂ’ﬁﬂﬂﬂ’]"uuﬂﬂvlﬂ

3.2. mﬂﬁymmmﬁmﬂ‘%ﬂuw‘iyu‘luﬁ’aaﬂﬁu"ﬁn'ﬁuazuanﬁaaﬂﬁl‘iﬁnﬁ
321 msm':mmm"]u‘luﬁaoﬂﬁﬁﬁms
udesning S, platensis sz S. dimorphus sfata?tytﬁnImLﬁutLa”amywﬂ
aslunauianie flask vuia 1 §as Iwiasfiidms lasaruguuss gaunndlinad dnwinig
widule (ﬁmﬁmtﬁa) Uinmssniag (aaalsflag e, ualsfinapd, Inladau) NN 2 3%
uazTianeilusiu orsTulaiasm wandalodi uazrianIa lutn maaams’wmﬁaz’?vuq@ms
nanad A 30 39
3.2.2 mngﬂauanﬁmﬂﬁﬁﬁms
W dasnie S. platensis uaz S, dimorphus ﬁata%zytﬁuimtﬁuttﬁamﬂwu
adlulwauiiauwe 10 ag 'mvli“uwfuﬁﬁms'lﬁumﬁazmaaﬂ'lww;jaanaunuﬂ‘ 24 Flag
uanviasduanng fnsnstaiadula (hminus) Snossndag nn 2 74 wesSiamed
Tséiu asTulaesm nandelosi uazzianIa byl ?180&’]%'3’1&1Lﬁ6§%§@1ﬂ’1'51’1@380 Aszae
stationary phase
3.2.3 manaseaidsslussuy photobioreactor WiUYia
V‘hmsaammm:uumﬂww:gﬂomm‘wlm:uuﬂﬂ lowaanuuuuazashs
’fﬂ@ﬂﬂiﬂtﬂdlﬂ%’k@}ﬁﬂyﬂ ﬁszuummgm?ﬂum{uwwztﬁyﬂaazm@imﬁaa LaZEINIDAILGN
danmaafauiivasinmsdagle Tzuumsidue i ndoais NITUULAULAzU R ain
WA B0 N9N T U ﬁs:uummynunaa’mvﬁ']ﬂaanmnﬁnwwngﬂa \ansuimue
TUEIRUMIZLAE Lﬁaaammm:uumguﬁma%aﬁwu WWhMsWIsisaamde S, platensis uaz
S. dimorphus W3z uuGING9 uazﬁnmsﬁnmn'\m%ryLaufﬂ (ﬁmﬁnuﬁo) U%mmam"mq
NN 2 3% wardesedlusin a1slulaasy HARAA Y uwazrfianselasy vayR I TuLile
§uqﬂn15w@aaa fazee stationary phase TﬂfJﬁnmﬂ%ymﬁtﬁm‘fuua:ﬁwmsﬂ‘?m:umu"lﬁ
5:uuua:ﬂ3a”a'lummmqm:uuﬁmm:au‘lumﬂwmﬁrmmm"lmwia:’nﬁﬂ
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3.3. m‘mamwf1ﬁu1ufaﬁzﬁaa1naqn*§19
WUNANGAE I NY S, dimorphus ﬁ1ﬁ%1ﬂﬂ15LW1$LgﬂdluS$UU photobioreactor
ua:an"’mfm”uaanmna’miw mmfuﬁ’mmﬂﬁauﬁnsJ”u'lﬁtﬂu"luIaﬁma lagvhmsmseay
amunnil U%mm@mua:uaanaaaﬁﬁmm:au@iamwEim{'m”uvlu'[aﬁmamnmﬁim LWINe
ﬁw"uﬁrmmm’wmwiawﬁﬂﬁaaﬂ‘ﬂsznaumaanm‘lmﬁ'uﬁtmnsi’mn"u

A W e
3.4. wm.wm'lﬂun'ﬁ‘l?}lﬁsmm'ﬁsmmumsanﬂmuu

o ' o :‘ ' o :’ Q v a a

WTasaInTY S, dimorphus UM IIENANNT R ENLEA NS
Taéiu anslulaam uszansa (nnalsilas unlsfiuaed) Lﬂ%'uuLﬁyun’”uﬂ%mmﬁauaﬁ'miw;Tu

& = o A L @ A o ¢ A

mnuuw@mwmm:aulummﬂﬂl“nﬂszfﬂmau LIwNIENaEIEnt ol s Tyl nig
Mahas lWnainvindng ﬂ?amsﬁﬂﬂtﬂm@ Wuamissasealy
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o
unfi 4
HALAZITDHNANITITY

4.1. 3211 closed-photobioreactor
inlssanuuussuy closed-photobioreactor 1 D111y honzontal tubular
photobioreactor Iﬂﬂ'l’zmaamaﬂ'la sadunuuswsesluuun e makudhnd o was
munzmmyusaﬂummm’numuma L'mamwnmmmmmummsmlumwnmuuum
wamaouamamao'l@ ua:ﬂummmwnau‘lﬂmuuumaas'"umam'lm mmawaasuunﬂa'l’ﬁ
wuﬂuann'nmnwumsmnuwu uav'l‘mlmwmmmmlumsmnﬂam\ﬁ.,uu T B
sanuuuliiisasmsuindoufile Rasonaluiud Alesiussimnzan (MWF 4.1)

E SO ... P
~ 5 i <ty o S O & '
NN 4.1 32UV horizontal tubular photobioreactor Vlﬁi’mmutwa‘l‘ﬂun’mm:mmﬂ’mi'w

4.2, mszifmmm"lﬂLﬂ‘%ﬂmﬁﬂu‘luﬁmﬂﬁu"ﬁmsuazuanﬁaeﬂf]ﬁﬁms
421 MARBITIWY S, platensis lwisedfiiinng
Wt S. platensis Laﬂﬂua@limmmmm:auﬂa Zarrouk medium 1
Ko Ji@n1s aruquussuaz g wmﬂumwaamsnmanuw 28 J9@51n3
Wiydulagege 1iniu 0.98  + 0.08 niusiafas (i 4. 2) laglidanauandrsagineg
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{ g a a o a L 0 4 4 A’
A13191 4.1 sanmsigauledumzuaclinalasusesmnig s, platensis NIWNZLRES

Twdesufiidns
Biomass Lipid content Lipid yield Lipid Productivity
: (d)
Time() | K (mg) (%) (mg) (gliday)

6 0.20£0.02° | 0.370.03° 33.38:2.07° | 0.12£0.012° | 6.8010:0.8857°
12 | 0.14£0.04" | 0632005 | 28.38:0.66° | 0.172001" 4.0360+1.3527°
18 | 0.08£0.00° | 0.72:0.08" | 2205¢1.32° | 0.1520.01% 1.8489+0.1986"
24 0.07:0.07" | 0.7740.04° | 24.98:0.71" | 0.19:0.01" 1.8293+0.1954°
30 0.06£0.00" | 0.96+0.07° 22.97+0.79° 0.22+0.01° | 1.5650+0.1792°

Qs as a a <3 & a A ' o ' '
%NWFJIM@}: manmmmaonqBwuvﬁanluummuﬁmnummnmonuﬁamﬂmmnmoamaﬁ

wtfAYNIaia (p< 0.05)
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a137911 4.2 n3aluiwasamng Spirulina maxima ﬁtwmgm'luﬁamﬁuﬁms
LA (%)
Fatty acid (%)
0 6 12 18 24 30

Caproic Acid C6:0 0.26 - - 0.05 - -
Capric Acid C10:0 293 | 3.05 | 256 | 3.09 | 061 2.95
Undecanoic Acid C11:0 032 | 0.16 - 0.05 | 0.08 | 0.09
Lauric Acid C12:0 262 | 117 | 063 | 046 | 023 1.02
Tridecanoic Acid C13:.0 069 | 034 | 042 | 052 | 0.06 | 032
Myristic Acid C14:0 596 | 219 | 2.16 1.08 | 0.53 1.11
Myristoleic Acid C14:1 0.93 0.18 0.06 0.10 0.04 0.16
Pentadecanoic Acid C15:0 2.20 0.68 0.16 0.14 0.11 0.26
cis-10-Pentadecenoic Acid C15:1 0.16 0.08 - 0.06 - 0.11
Palmitic Acid C16:0 56.36 | 59.28 | 56.44 | 58.87 | 81.54 51.28
Palmitoleic Acid C16:1 3.97 | 875 | 469 | 506 | 129 | 502
Heptadecanoic Acid C17:.0 1.40 0.93 0.98 0.72 0.54 1.40
cis-10-Heptadecenoic Acid C17:1 043 - 0.41 0.47 - 0.06
Stearic Acid C18:0 3.13 1.90 1.24 0.88 0.98 1.13
Elaidic Acid C18:1n%t | 023 | 047 | 0.15 | 0.03 289 170,99
Oleic Acid C18:1n9%c | 6.79 | 6.39 | 8.07 | 8.22 1.76 | 842
Linolelaidic Acid C18:2n6t - - - - 0.31 0.07
Linoleic Acid C18:2n6¢c | 1044 | 16.83 | 19.35 | 17.77 5.90 | 24.10
Y-Linolenic Acid C18:3n6 0.07 2.19 2.1 1.82 0.74 1.82
Linolenic Acid C18:3n3 0.29 0.18 - - 0.02 -
cis-11,14-Eicosadienoic Acid | C20:2 - 0.23 0.51 0.60 1.48 0.38
Heneicosanoic Acid C21:0 - - - - 0.89 0.09
Erucic Acid C22:1n9 0.54 - 0.07 - - -
Lignoceric Acid C24.0 0.27 - - - - -
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{ L = c‘ ; . a
M990 4.3 nIalaiuwas S, dimorphus Aw118 8914811135 chiorella medium gavnd

Type of fatty acid Content (%)
Lauric acid (C12:0) 0.14
Myristic acid (C14:0) 1.01
Pentadecanoic acid (C15:0) 0.30
Palmitic acid (C16:0) 30.24
Palmitoleic acid (C1 6:1n7) 3.50
Heptadecanoic acid (C17:0) 0.26
Stearic acid (C18:0) 1.20
Cis-9-Oleic acid (C18:1 n9c) 17.83
Trans-9-Elaidic acid (C18:1n9t) 0.16
Cis-9, 12-linoleic acid (C18:2n6) 17.50
Trans-Linolelaidic acid (C18:2n6t) 5.44
Alpha-Linolenic acid (C18:3n3) 19.33
Gamma-Linolenic acid (C18:3n6) 2.06
Cis-11, 14-Eicosadienoic acid (C20:2) 0.18
Cis-11, 14, 17-Eicosatrienoic acid (C20:3n3) 0.06
Arachidonic acid (C20:4n6) 0.08
Cis-5,8,11,14,1 7-Eicosapentaenoic acid (C20:5n3) | 0.26
Behenic acid (C22:0) 0.38
Erucic acid (C22:1n9) 0.08
Saturated fatty acid 33.53
Unsaturated fatty acid 66.48
Monounsaturated fatty acid 21,57
Polyunsaturated fatty acid 44.91

suunaalsilad 1o mﬂqmumﬂwmm’luwm”mumwwmumanmmﬂuumenn
JI a o ! -~ U
Tumsy mmmmmtmvwmqLuﬂmm“lumm:mmmLw’numan 5 Nadniusiedns Wein
AaalINAG 12 qegawiniu 14.08+0 54 Talpsnsusiefiadans lutuit 14 129M15MAaeslnadiau
Lmnm'wvmﬂﬁﬁﬁummswmamﬁsm”ummLﬁuﬁummLﬁu‘?ﬂ’u Tuaz 2 Uadniusadns (nwd
P 1= () aa
4, 8) Lﬁmmuﬂia‘wu@m”luummLmnmem\mnmvquﬂmswmamLumﬁﬂumau'lw,t,mmu

LLW]LWI 0 fig 20 '1.[?734'1mLLﬂI‘J‘VIu@ﬂﬁﬂuVlﬂ‘Hﬂﬂ’]ﬁ‘VIﬂﬂﬂ\TNLLu’JTuNLWNN’mﬂluLN@L’Jﬂ’]ﬂ’]?



28

J Q’ " 3 i U o/ os 1 _ = y d"
RN IA IR MuATsiues fnniigawini 5.1420.00 Tulasnusiefindms (el
mm’qﬂﬁizﬁmmuﬁmﬁumﬁn 5 {indnusiedns luduil 20 9e9nsmaseauslifiamunnsng

NNADA fiuge ﬂUﬂ')"lNL‘HN"HU@W’]

& &
LE‘N’]MT‘]JWIWH'E]\‘!ﬁ"mﬁ"’!ﬂmtufﬁuﬂLWNN’]ﬂ‘HH‘M@GQHW 12 mmmmmtm"mﬁmm
o
amm'lmuw 20 'Nl,ﬂul,‘ﬁuu'l,uvgn?vﬂumwmmjummmm Au3el VlLﬂENWJEI’ﬂ'M’]?V]Nﬂ"J']N
mwummman 2 Nﬂﬂﬂi‘&lﬂ’ﬂﬁﬁli‘ mﬁmm‘iﬂmumnwmmwnu 1.70 £ 0.09 N@ﬂﬂﬁ‘&llﬂ’ﬂﬂ?&l Tu

’JLWI 18 12INIINAARN LWIVLJJNWJ’WLLIFIﬂﬂ']\WI’Nﬁa ﬂ‘iJ‘IZﬂﬂ’]ﬁ‘Vlﬂﬂ’ﬂ\i’ﬂ‘l«!’] ﬂ']WVI 4.9) 130

@ ]
3

J U

mﬁu“lmmmqumnmumﬂmmmﬂwwmmmeumLﬂumuuluwmzmummmmu‘u@dman
' i o 1 a 1) 5 a2

WU’J’]LE‘N’]Nﬂ’]ﬁUVLﬂLﬂﬁ‘ﬂﬂ\iﬂﬂW?”ﬂUﬂQWNL‘HN‘HUL‘Wﬂﬂ 2 manmmﬂam Ny 0.75 + 0.02

AadAnsusiansn i 18 TBINIMAIUA INT ARG aaRA A ALgANNIMAAEIRe

mmvaumuumm S. dimorphus ma‘memmumumanwu.mnmaﬂu ﬂ?mmu’mu

9

qmmmzmumwmmumanmﬂm T 26,1341, 19 1lafigus Tﬂﬂﬂ’]ﬁ‘ﬂﬂ@ﬂ\ﬂﬂﬂﬂﬂ']“

WANFANNAUNIIAT A mamammuuumqmmwmwmmuman 58sdnfusedns iny

a

292.77£10.24 LindnFusiadng Guansinsetrafiuddyneadn AUYANIIMNAREINN AN

b

o 7

@
UINTWWAN 1 uaz 2 fadniusadng ma”\m'1?mammﬁu‘lﬁmqaqm’lmmmswmamwﬁmm
21,97 < a a o Va (P ar Ia I e o ' aa ' =
HINTIUMAN 3 NAANTNABARTVIAAL 18.50+3.00 nSuAednssiasy NAMNUANANN AT ADEN
ﬁﬂéﬂﬁty rTu‘*qmmswmm%uﬁszéfvmmaﬁu%u 1 sz 2 Dodniusiedas (A3797 4.4) nya'lugii
nwumnnamﬂa palmitic - acid I@muaﬂsmmmamwumnw nialvsiurfiathatuanniy

Iﬂﬂwnuﬂﬂuma 46.4-52.9% (AVT19N 4.5)

2000 f f
f
1500 L olmg/l
E:o * 2 mg/l
£ 1000
3 A 8 A |
B 9 .~ Osmg/l
O - - -
0 4 8 12 16 20

Time (day)

~ :’ ar [ ' § o d o
NINN 4.7 IRUNURI VBIRINIIY S, dimorphus 'lummsgm chlorella medium NWwiLs

ANNLTNTUYDIAEN



29

16
=14 L
21 . pge%% %
= 10 L ; <1 mg/l
=S- s b ﬁ * ¢ 2 mg/l
'§, 6 b gﬁ o> A3 mg/l
g 4 F Q{}{}oo b A4dmg/l
A Q 05 mg/l

0 : B o =

0 4 8 12 16 20
Time (day)

Carotenoid (pug/ml)
w

v o

H

N

<& 1mg/l
@2 mg/l
A3 mg/l
A 4 mg/l
as mg/i

Lol i
2> >

8

O
O-.-..
=
B > B
>
B on]
O
o
| N

H

12 16 20

Time (day)

4 . :
ni 4.8 asalsfad 1o uszualsfinesduassmig s, dimorphus 'lummsgm chlorella

? A o v o &
medium YIN%LLU‘SF]'TIUWU'U%‘IJBJL‘P‘QT]

2.5
-~ 2.0 P Oln
&
E 15 Bk 5 ®2n
.% " 4 é A3n
g ; Adn
0.5 O5n

O.OMmeQD /
0 4 8

Time (day)

16 \ 20

1.4
w0 !
? B <1 mg/l
=10 p
o ®2 mg/l
e 1
£ Yo 5 A3 mg/l
=06 p
€ A4 mg/l
g N ﬁ 05 mg/l

0.2 a D

16 20

Time day)

nii 4.9 Tuséiu uaeailulanmasssmig s dimorphus 'lumwwgm chlorella medium

< < D
A137°91 4.4 m‘a‘m‘smmuima

o o v e &
nNuLLﬂiﬂ?’]NL’ﬁu'ﬂuﬂﬂdLﬂﬁﬂ

sluailwes S, dimorphus 'lummiam chlorella medium fiei

LLiJTﬂ’J’WL‘II&HJ%‘IJ BILUAN

Lipid
Biomass Lipid content | Lipid yield
Iron (mg/l) K (d) Productivity
(mg/l) (%) (mg/)
(g/l/day)
1 0.069£0.005™ | 940165" | 26.13+1 19° 247.32425.22° | 17.96+0.81°
9 0.0910.007° | 980+22° 20.76:4.72° | 247.95+67.65° 17256377
3 0.082:0.014° | 1053:17° | 22.7040.71° 278.83t5.87° | 18.50+3.00°
4 0.058+0.002° | 1193:01% | 23.80+0 75 283.30+15.07° | 13.75+0 20"
5 0.0680.002" | 1353:45° | 21.674073° 202.77+10.24° | 14.61+0.40°

‘H&I'IYJWWI ) anmmmaonqu‘wuwmn‘luummmmmmLmnmanuﬂamwmmnmoamou

wdiAYNnsda (o< 0. 05)
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=] (% ' . v o & ' o
A1319% 4.5 nya lviuvasanig S, dimorphus Tuanudusumanfuanenori

Fe (g/l)

Fatty acid (%) 1 2 3 4 5

Caproic Acid 0.72 175 0.60 0.67 1.15
Caprylic Acid 0.30 1.30 0.62 0.00 0.82
Capric Acid 0.00 0.18 0.31 0.00 0.33
Undecanoic Acid 0.08 1.57 0.47 0.22 0.50
Lauric Acid 10.71 5.75 9.51 9.66 7.67
Tridecanoic Acid 1.10 0.47 0.91 1.19 0.99
Myristic Acid 2.01 3.49 1.68 1.67 1.64
Myristoleic Acid 0.10 1.04 0.63 0.00 0.47
Pentadecanoic Acid 1.47 2.86 1.42 1.47 1.70
cis-10-Pentadecenoic Acid 0.20 0.61 0.60 0.16 0.61
Palmitic Acid 4641 | 4815 | 48.41 | 50.31 52.90
Palmitoleic Acid 6.24 5.03 6.49 6.02 5.21
Heptadecanoic Acid 392 3.47 2.48 2.37 2.60
cis-10-Heptadecenoic Acid 0.00 0.22 0.00 0.00 0.00
Stearic Acid 1.52 0.37 1.61 0.80 1.55
Oleic Acid 6.65 3.86 7.96 8.36 5.89
Nonadecanoic acid 4.70 13.15 | 6.56 8.33 6.45
Linoleic Acid 6.32 2.65 5.46 4.82 4.65
Arachidic Acid 0.00 0.32 0.00 0.00 0.00
Y-Linolenic Acid 4.89 2.20 3.47 2.73 3.85
cis-11,14-Eicosadienoic Acid 0.00 0.00 0.10 0.15 0.00
cis-11,14,17-Eicosatrienoic Acid 0.00 0.00 0.11 0.25 047
Arachidonic Acid 3.46 0.00 0.37 0.68 0.83
Tricosanoice Acid 0.00 1.37 0.00 0.00 0.00
cis-5,8,11,14,1 7-Eicosapentaenoic Acid 0.00 0.21 0.21 0.15 0.00
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4.2.2 nmﬁvmuanﬁaoﬂﬁu“@ms

mWJL’HamMi’m S. platensis uaz S. dimorphus mmsmmn‘[@muummmy
sdlulnaudavuia 10 fas 'J'm"l'muwnun'n‘lmmmuma@]"lwmaanmwm 24 F1lug
uanieliians lasiwrzids s, platensis  uaz S. dimorphus 'luﬂnammsm wan
Ry I@mwwﬂamluﬂﬂammim 16:16:16 UaT 8:24:24 ANNRIAL mtﬂuamﬂnn
mnmsmaawumuumwmm‘vaunummwmmuu HAaNIANHINLIE NN LT e
mmﬂunmmuuﬂsﬂaumomLuaaﬁnnmﬂuanmaoﬂguwmsumsnuuﬂwaaumm wdinms
muauumn’lﬂmm umuﬂaamsaouaammmmmmswmfJ mmlﬂmwm'ﬁ‘lmamuums
wWasuuasnn YedamaltiAanisanags nau‘uaaﬂﬂ maTaulavesaniesainiseiuuds
89 Imummnumma@mmnu 0.74£0.08 uaz 0.9+0.36 Nwdaiay MUSAU (NWH 4. 10)
muﬂsmmﬂaaisﬂaa u,ayzm‘[s‘nuanﬂsJLLqumwuwmaﬂuammmmsmmu‘[mmamaa
\Waszpznaindu (MWD 4.11, 2.12) Iﬂﬂwuﬂsuwmfﬂswunuttﬂiaouwnwummnummun
WAIYAIRINIY I@zmnum‘[uuwwmwTﬂmua«lumou.‘sn‘ummsmm waINIuLSI
Tus@uazaaas (e 4. 13) WSmmludiuluaniie s, platensis wufinnududu 1 niuse
807 uﬂsmm"lwummmmam wihnusasar  66.59:3.08 Ussnaslusiuluginine s
dimorphus wm"nhmzu"lwuﬂmwmwuﬂu 1.5 nIudadas uﬂsmm’lmuuaoaﬂlmuw 14
WiNNU 87.89 nTudaRas (ﬂ’li”h‘l‘l’l 4.6) I@lUWU’J’)]JSSJ'IMVL?JN‘H%:LWNZJ’IﬂlWJuYI 7 WA 14
mnuuﬂsmmvlmum,amo (W 4. 14)

wnninusiosse dias 16-46-5 iy dhgast 24

2 050 S-S f +”“"“f“’f"0'5 th

:‘: 040 =i 1 g E " i 1

:- 030 == 1.5 gl § 04 i Sgh

*o -8 ity 2 gl 0 w2l
0.10 M T ) ot S L T

000 B 02468 0DMKEBY
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ha (Tu)

A B

o a a " . A’ +
MM 4.10 mMsaigdvlaves S. platensis (A) uaz S. dimorphus (B) meamlqugm

MmN 16:16:16 Uaz 8:24:24 uanWaalfiidnns
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ﬂ%mmnaa‘isﬂnsﬂumuhu ﬂl‘ﬂ\)ﬁ"ul ﬂ%uqmnaaiqﬂaaﬂu f8use ﬂtﬁue
3 fugas 16:16:16 25 suijugas 8:24:24
——Amudindiu 0.5 g/L ’ f- sl
- —Anudingiu 0.5g/L
2.5 |-®=anudndiu 1g/L I faiis 4
——audingu 1,5 g/t 2 F mmuj” vu gL
2 5 b-e-armuiudu 2/ 2 iy 15 g/
2 g “-anudindu 2 g/L
< E1s
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@ 15 ‘@
=
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‘a E 1
a 1 ]
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sruam (Ju) P — (‘hl)
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o : : \ & "
NN 4.11 Aaalsilad 18 vasaniig S, platensis (A) uz S. dimorphus (B) waztaﬂaluQU
§AINIA 16:16:16 U 8:24:24 uwanwasljuams

35 3.5 3
——arudndiu 0.5 g/L -—mwm?utﬁm 058/
40 e Rt 121 3,0 b “SAnuunig 1g/L
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191971 4.6 uammimsmLmﬂmLm“ﬂsu'nu"lmwu'luamﬁﬂ S. platensis uaz S. dimorphus
meamluﬂmmmsm 16:16:16 Uax 8:24:24 uanwaafiiinms

Lipid
Biomass Lipid content Lipid yield
g/l M (d) Productivity
(mg/l) (%) (mg/l)
(g/V/day)
0.08+0.008
- 0.14£0.01° | 0.52£0.05™° | 16.6120.14° o 10.134.71°
o :
‘6 a ab ab a a
T4 0.19£002° | 038:0.06™ | 17.62:0.95" | 0.06:0.01° | 2.5240.20
& . . b | 0.09£0.007 .
= 0.17:0.02" | 059:0.04° | 16.3740.57 7 3.2520.40
t?’ .
p 028£0.02° | 0.79:0.08' | 14.25:0.80" | 0.11£0.01" 2.4243.41°
- > 2 | 0.08£0.006 )
o 0.20:0.26" | 0.43+0.03™ | 19.52+9.94 3 4.0620.55
3 ’ L b | 0.097+0.03 ¢
2 0.73:0.47" | 0.33:0.10° | 22.07+8.90 i 12.317.65
)
& g N | 0.07£0.009 ,
&= A 0.27:0.06" | 0.55:0.07° | 13.78+0.26 1 10.17+6.46
+T T .
3 ) . | 0.08+0.002 :
: 0.62£0.27" | 0.59+0.02° | 13.92:0.50 . 3.64£0.85

WULLRAG: manmmmaonqnwuwLan'luu,mmmmnummnmonuﬂamwmmnmaamw
wdAYMIFia (o< 0. 05)

1267 %

nm%uummmmw S. platensis nwumnwama Palmitic Acid (C16: 0)
63.25% Samamtﬂu Oleic Acid (C18:1n9c) 12.48 %

dimorphus Ylwumﬂ"na@lﬂa Palmitic Acid (C16: 0) 58.89%

((v’l'ﬁ']\?‘ﬂ 4.7) nmvlmuummmm"m S.

38989010% Oleic Acid (C18: 1n9c)
(@397 4.8) mﬂ"l'uuwnmm‘vauunmsm"lﬂ‘lmﬂmmawamvlnfamsna fa nsa

Tusiusue (C16:0) Luadmnnm"lwwnuﬂaum'luuwumﬂ JfedfAsmeandiadulain

' a -~ na‘ Qs A w )
ninsaluiuria sy Aiteuas ’uaanm'l’uuuaummsmwnmhuu‘luaummwuﬁzﬂ &9
mw'lmnﬂnwmﬂgmmnu 0, MldiAamamdusiugy

U
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P o ' el
A139N 4.7 ﬂs@i’ﬂuumada’]“i’]ﬂ S. platensis NLWZ

& o * o A
mmmnﬂmgmm'smqm 16-16-16 1

Fatty Acid (%)

ANWTNTU g/

Component 0.5 1 1.5 2.0

Butyric Acid C4:0 1.48 1.57 : =
Caproic Acid C6:0 - 1.98 | 474 c
Capric Acid C10:0 1.02 | 089 | 278 | 280
Undecanoic Acid 1140 - 096 | 098 | 027
Lauric Acid C12:0 82% | 212 | 274 | 375
Tridecanoic Acid C13:0 1.67 NN4 | 1.21 2.92
Myristic Acid C14:0 996 | 826 | 463 2.66
Myristoleic Acid C14:1 B 1.08 1.86 2.29
Pentadecanoic Acid C15:0 435 | 4.01 4.01 1.17
cis-10-Pentadecenoic Acid C15:1 0.76 0.72 1.15 -
Palmitic Acid C16:0 58.59 | 60.07 | 6325 | 53.16
Palmitoleic Acid C16:1 285 | 034 | 146 | 474
Heptadecanoic Acid C17:0 3.73| 2.1 4.28 1.79
cis-10-Heptadecenoic Acid C17:1 - 7 - 0.46
Stearic Acid C18:0 1.25 | 398 | 434 1.40
Elaidic Acid C18:1not 4870 SOF | 187 | 056
Oleic Acid C18:1n9¢c 265 | 935 | 070 | 1248
Linolelaidic Acid C18:2n6t - = - 0.70
Linoleic Acid C18:2n6c 265 | 2.65 - 5.89
Y-Linolenic Acid C18:3n6 - = - 0.85
Linolenic Acid C18:3n3 - 0.73 - 2.12
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A @ ' : A - (RS K. 9
M13791N 4.8 ﬂiﬂ‘l‘l.l?du‘llma’lﬂﬂﬂ S. dlmorphus ﬂLW’]:LaUJ@’JHQUE‘TWSHWSQ’] gﬂi 8:24:24

Fatty Acid (%)

ANNTNTH g/l

Component 0.5 1 15 2.0
Butyric Acid C4:.0 1.48 d i .
Caproic Acid C6:.0 - = 7.82 =
Capric Acid C10:0 1.02 [0.17 | 278 | 821
Undecanoic Acid C11:0 - 025 | 0.08 -
Lauric Acid C12:0 329 | 277 | 354 | 4.11
Tridecanoic Acid C13:0 167 | 234 | 115 | 3.04
Myristic Acid C14:0 996 | 226 | 578 | 2.97
Myristoleic Acid C14:1 0%, | 178 \\0.33 | 223
Pentadecanoic Acid C15:0 g35~\K.01_(\3A73 | 0.33
cis-10-Pentadecenoic Acid C15:1 0.76 = 1.13 -
Palmitic Acid C16:0 58.59 | 98.89 | 5579 | 5155
Palmitoleic Acid c16:1 285 | 548 1 389 | 527
Heptadecanoic Acid C17:0 373 | 133 | 498 | 208
cis-10-Heptadecenoic Acid €17:1 = 0.49 & 0.43
Stearic Acid C18:0 725 ¥4 324 | 096
Elaidic Acid C18:1n9t 467 | 132 | 185 | 054
Oleic Acid C18:1n9c 265 11.65 | 254 | 1267
Linolelaidic Acid C18:2n6t - : - 0.71
Linoleic Acid C18:2n6¢c 265 | 442 | 050 | 569
Y-Linolenic Acid C18:3n6 - 0.97 - 1.06
Linolenic Acid C18:3n3 - 2.30 - 3.15
Arachidic Acid C20:0 - 0.22 2 5
cis-11,14-Eicosadienoic Acid C20:2 - 0.27 - -
Behenic Acid C22:0 - 0.45 5 -
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d 1
MN13191 4.8 (dia)

Fatty Acid (%) ANUTNTH g/l
Component 0 7 14 20

Erucic Acid C22:1n9 - 0.33 - -

Lignoceric Acid C24:0 - 0.17 - -

4.2.3 Mnaaadaesluszuy horizontal tubular photobioreactor

msmmé‘rﬂamm'w S. platensis _uas S. dimorphus Tuszuy horizontal
tubular photobioreactor Tmuluttuuu,sna)wﬁ'm'mwnmgmu,me (batch) Aamawizideslan
‘lﬁmsmmsﬂsausmwmmamm Lamwmszymuf@mun WA NNUNANERDaNIN T LY
Yanua

NANIIANWINLAN S. platensis ﬁLW’méﬂatLuum Tu horizontal tubular
photobioreactor imatasaufiulatAunnduiden 9 I@ﬂmsmsmmu‘[maammmumﬁun
mayuaﬂmﬂ'lmun 0 A8 0.08+0.01 g/l uam‘mnaﬂlmun 30 fia 2.32+0.08 gl Feiiarw
wandnuadIidedid N aae (nwi 4. 15) YSurunnalsias flunmgslutiedu
AAYNEUBINITINIZLALY @8 5.50+0, 61mg/l ﬂsmmuﬂhwuaummmmmﬂu ifsnmugegaly
IUFAVBVINIINIZIAEY Ao 7.9540.45 mg/l (MWl 4.16) Usmmfﬂmmaommm il
Uinmgegaluiud 28 Saiv5innlusiuaa 1357.21+160.93 mg/l slu'lawasnvasanning
fSnogegaluiud 30 FsdfuSum 300.9018, 66 mg/l (MW7 4.17) aanesyLdvle
FUMZVBITNIIL (daTi) 980 WTUN 6 d6n 0.275:0.021 g/l uazlieindgaluiud 30 Aa
0.145+0.034 g/I mwmwmmnmanuamouuumﬂmmmnm 'lwutu.mu'mummomadmm’lzm
mﬁumwmuuavmaﬂlmuﬂ 30 e 2.31+0.07 g/l mLmnmanuamauuumﬂmnmuw 0,
6, 12, 18, uaz 24 madauUSnaluduTnta g o uﬂsmmmnmﬂum 47.502.79 (%)
uandanuavlinuinyiuiudug ﬂsmm"lwummmﬂunwauuazmaﬂlumuw 24 §
i 80.38£0.02 g/ uazaaaaluiudl 30 §610.3120.01 all mum‘nuaﬂamlumn 0 ﬁa
0.04+0.01 g/l m’lmma:’ammnmonuamwuﬂmﬂm muwawam"lmuumnaﬂanmuw 6 den
8.47+0.65 g//D uszougaluiud 30 e 2.0240.47 gD uansenuatwlivyddymsia
AUTUAR Y (MW 4.18, anT9Tt 4. 9)
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FBurunaalsig - (mg/L)
w
Wnnmuualsfiuaesd (mg/L)

O ll.lllllllllll 0
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L U1 o
(= M <o O
T L I—

= N
o o
T T

0 6 12 18 24 30
a1 ()

o

e % ladusiuionug
w
o

4 L 1 . A d" H
NN 4.18 "l‘zmummmmw S. platensis MwzidasuuLne horizontal tubular

photobioreactor

{ Lo ~ = ° a b ] & A !
A1991 4.9 am'm’masrymu‘[wmwazuazﬂsmm"lmuwaoa’m:nﬂ S. platensis NWIZLa 84

wuune lu horizontal tubular photobioreactor

Lipid
Time Biomass Lipid content Lipid yield Ao
d roductivity
(d) 4 (mgfl) (%) (mgll)
(g/i/day)
0 s 0.09+0.01° | 47.50+2.79" 0.04+0.01° -
6 | 0.275¢0.021° | 0.3620.02° | 30.8020.26° 0.13:0.01" | 8.47+0.65°
12 | 0.228+0.017b™ | 0.82+0.02° 23.930.54" 0.19+0.00° 5.45+0.39°
18 | 0.2090.027 | 1.25:0.06" | 19.95:4 00° 0.23+0.01" | 4.17+053°
24 | 0.188#0.039" | 1.66+0.07° 21.76+1.46" 0.38+0.02° | 4.08+0.84°
30 |0.145:0.034° 231007 | 13.9431 42° 0312001 | 2.0240.47°

Qs Qv Qs = Qg Qs A 1 Q . ]
WANBLAG: manmmmaanqumw‘té‘nluummtﬁmnuwumnmanuﬁ‘amwusmmaamaﬁ
wodAYNIRHa (p< 0.05)

e : e rY !
Nawamhuummmﬂiw S. platensis NIWAZLRBILLLNS Tu horizontal tubular
- a9 o, a 4 € @ ' o A A A
photobuoreactom'lﬂmmaLm'l:vxmﬂﬂs:naumaonm"lwu wmwnm'lmuuwwumnﬂq@ﬂa
oan . . . ° Qs tJ 0
Palmitic Acid (C16:0) 389848111 Oleic Acid (C18:1n9c) mudaY (915797 4.10) wuing
ar - a ‘ a e e | o A o al a ~ iilg
m@"lmuum@aummnmwnmhuu’tuaum mnsm‘l‘uuuamﬂuwuﬁ:mmwmmmnm‘lum

ana a o ' o A o a a aaa )
Ujfismeendiaduiamanzauudmain 4wl e g Fansaluiulaiguda§isueans

o 4 ) ' ' o '
mmmaamnﬁwuﬁ:glumﬂmnmw 1 AR US
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i o Gl & .
A15191 4.10 nw‘lmuu’nao S. platensis NiWzL&e9uuUNe i horizontal tubular

photobioreactor
IR (T9)

Fatty acid (%) 0 6 12 18 24 30
Capric Acid C10:0 0.61 | 0.33 | 0.19 | 0.19 0.17 | 0.14
Undecanoic Acid C11:0 0.82 | 0.12 | 0.08 | 0.09 0.10 | 0.04
Lauric Acid C12:0 192 | 562 | 6.95 | 551 6.16 | 7.20
Tridecanoic Acid C13:0 a 5 0.16 = 0.17 | 0.04
Myristic Acid C14:0 - 1.41 | 1.04 | 1.17 | 0.92 0.98
Myristoleic Acid C14:1 0.69 | 0.15 | 0.06 | 0.16 0.40 -
Pentadecanoic Acid C15:0 3 045 | 0.36 | 041 | 0.37 | 0.34
Palmitic Acid C16:0 42.49 | 47.98 | 48.47 | 50.90 44.39 | 39.67
Palmitoleic Acid C16:1 3.97 | 4.26 - 497 | 598 | 6.31
Heptadecanoic Acid C17:0 y 049 | 0.37 - 0731 § §1.22
cis-10-Heptadecenoic Acid | C17:1 0.55 | 057 | 0.84 | 1.13 | 1.08 -
Stearic Acid C18:0 532 | 261 | 1.88 | 1.51 Z0 § §4.27
Elaidic Acid C18:1n%t - = 0.22 | 0.26 E -
Oleic Acid C18:1n9c | 12.07 | 17.15 | 15.89 | 16.10 22.98 | 15.91
Linolelaidic Acid C18:2n6t 3 g " 3 - 5.1
Linoleic Acid C18:2n6¢c | 8.33 | 535 | 11.08 | 11.38 8.22 | 9.58
Y-Linolenic Acid C18:3n6 3 = 1.67 | 0.62 | 0.59 | 1.09
Arachidic Acid C20:0 = x = = - 5.78
Linolenic Acid C18:3n3 | 2.93 | 252 | 583 | 561 | 4.27 -
cis-11,14-Eicosadienoic
Acid C20:2 } G ROl
Heneicosanoic Acid C21:0 - = 0.65 . 0.45 | 0.53
Behenic Acid C22:0 = = 0.83 = 0.49 -
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A13191 4.10 (sla)

Erucic Acid

cis-11,14,1 7-Eicosatrienoic Acid

cis-13,1 6-Docosadienoic Acid

Lignoceric Acid

A/ 1 .. .
NN ILLRYIRINTIY S, dimorphus Wuynzly horizontal tubular
., v LAY & A (% v A o 2 o
photobioreactor Iﬂul’ﬁﬂawutwumumaotmannlﬁ”tmuugoqmmﬁaoﬂgumm‘ma 1 mg/l W

' ' o a oo et 1A tJ A [l [ aAa a o i
30 §FUYINAL 3.7020.49 UaRNIVAARAS (NWA 4.20) m"luﬁﬂ'nmmnmqmmnmnmuﬁ 24,
as wlo g Lol L & v o A
26 WA 28 VAINIINAFDY Lm:mﬂum[uumwwuaaﬂﬂaaanuma%amw QREIITGRTAERT PR
a a A a J ' a & J I 6 A v a -2’
Lﬁ)szymuTwmwwumwalﬁﬂsmmmakﬂaa-La NINTUAW ualsfiuasd Suualikuuiiygd,
' B A A o & T TR o &
atvdaltadidadye :nmmaamsmmmnmumummnnma’ﬁumwua:ﬂaaTsﬂaa-La Ty
ATk o 4 P~ e 8o "X o f &3 4 o ' T
WUNAAFIgaluium 28 Feuriay 6.19+0.48 fiafnsudadas TINAMVUANG B 95
@ o Aan e o 4 ' = a P o a
RUEAYNWETANLTUEU ama'lsnmum'a‘mmﬁ:ﬁua:axamm[sﬁuawﬂ.nmmamums
A 5 o & o = =
ulauuuﬂmmaana'lnamsma'm’uaomsmmﬂz'mmmtao Todunananmaydasunasly
UFSIINGIV2 I8 Tmu%’nﬁﬂﬁtﬁﬂmsé’amﬁ:ﬁ ualsiinesdiduatingynn (Pirastru ot
al., 2012)
oy ¢ a —XOND § & & o .
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A139N 4.11 amnnmaszymufﬂmtwnzuazﬂsmmlmwmaamvmu S. dimorphus 1

& 3 X
WA ESLUDR Ty horizontal tubular photobioreactor

Lipid
Productivity
(9//day)

Biomass

(mg/l)

Lipid content
(%)

n 0.54+0.18" | 05420 10® 19.50£0.69" | 0.1120.02° m

0.11:0.03° | 0.83:0,04" 22.62+0.98° 0.19+0.01" 2.46+0.63°

0.10£0.02" [ 0.9420.08° 15.3420.94° | 0142001 m

5 19.6041.43% | 0.2040 02" m
a Cc
0.2940.05 1.3840.12

84 > o

a
RLTULY @T’Ja'“nmm:mé‘onqmv‘v‘mﬂﬁnluummmmnummnmonuﬂamnmmn@hoazhaﬁ
wodinymesia (p< 0.05)

Lipid yield
(mg/l)

0.21£0.02° 0.08+0.01°
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< o AL e o a @ . A &
A39N 4.13 E]ﬂiqﬂWSL"iﬁzylWUI@]%’]LW'KLLR:U?N"Iva’U“uwa\T S. d/morphus VILW7$LRU\TLLUU

& 1 . .
ﬂoﬂatﬁaolu horizontal tubular photobioreactor

Lipid

Biomass Lipid content

(%)

68.51+24.61° 0.2110.01°

Lipid yield
(mg/l)

K (d)

. (fau)

b
o Jommzr ]

Productivity

(9/liday)
(NIusiadasein

Time
(d)

(Nwsiadas) A
M)

39.98+14.12°

0.30%0.02°

0.16+0.06° 0.46+0.06" | 58,79+.97° 0.27+0.04° 8.40+3.88°
0.1120.02° 1.0540.15~ 28.03+2.50° 0.29+0.04° 2.99+0.63°
2.47£0.90° | 30,4843 17° 3.37+2.89° 5.09+0.50°

0.22+0.05° 1.720.28" 43.01+2.06° 0.74+0.12°

o o

nangmng: m”aé”nmmmé’onqvﬁwﬁtﬁn‘luummLﬁmnunLmnsmn”uﬁamﬁmmnemazhaﬁ
wiAynaag (p< 0.05)
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NnniImsazaw g, (AIWH 4.26, 913971 4.13) Lwiﬁnnmimaaaﬂ%ﬁwu'jm‘%mm”lw”uﬁ
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4.3. msw?amf’ra‘i’u‘lnkﬁmnmnﬁ’nﬁ%m
WUNANARE W3 S. dimorphus V‘T'T@Tmnmﬂwmgm‘lmwu photobioreactor
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1 Lot a A' bt A o a { {
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[yl raa s |-
R N T g
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Wumazalagyy laason'las 1 fagdes ﬁﬁmwmﬁuimmn"’u 5 lua ¥msuay wasly
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