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Abstract

In this study, the efficiency in biodiesel production from microalga Chlorella vulgaris
was investigated in 2 difference type of reactors (Tubular Flow Reactor, TFR and Oscillatory
Flow Reactor, OFR). The results showed that the microalga cultivated in TFR had higher
productivity than in OFR. The CO, feeding could increase maximum biomass productivity in
both type of reactors form 0.0438 ¢L'd" t0 0.1185 gL 'd" in TFR and 0.0218 ¢L"d" to 0.0626
¢l.'d" in OFR. The results showed that the lipid from alga was a few increasing from 9.76% dry
weigh of biomass with no CO, feeding to 10.74% dry weigh of biomass with CO, feeding.
FAMEs were around 1% of biomass dry weight with the same components under CO, feeding
and no CQ, feeding, however there were difference in the amount of the component of FAMEs.
The main components of FAMEs with CO, feeding were Phytol, Hexamethylcyclotrisiloxane and
Octamethylcyclotetrasiloxane at 39.25, 13.07 and 3.74, respectively. The 3 main components of
FAMEs with no CO, feeding were Phytol, Methyl palmitate and Eicosamethylyclodecasiloxane
at 27.29, 10.08 and 9.72 , respectively.

Key words: Carbon dioxide, Tubular flow reactor, Oscillatory flow reactor, Biodiesel,

Chlorella vulgaris
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N31: Wang et al. (2008)
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Pnagega Co, (% V/V)

Cyanidium caldarium
Scenedesmus sp.
Chlorococcum littorale
Synechococcus elongatus
Euglena gracilis
Chlorella sp.

Eudorina spp.

Dunaliella tertiolecta
Nannochloris sp.
Chlamvdomonas sp.

Tetraselmis sp.

100

80

60

60

45

40

20

15

15

15

14

1: Salih (2011)
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FUAVDIYAMHI W ANUANAIN CO, (%) NaNan 913904
Wninudg
(g/Vd)

Botrvococcus braunii 5 (mmﬁ‘?uﬁu"lﬂﬁ'fm CO,) | 496 Sydney et al., 2001

5.5 (MsnanyLIUMms | 0.077 Yoo et al., 2010

i Tna)

10 (CO, U3gNT) 0.026 Yoo et al., 2010
Chlorella sp. s (mmeiiylUdae co,) | 251 Sydney et al., 2001

6-8 (MHADAINVLIUMT | 0.323-0.38 Doucha ef al., 2005

i Tngd)

o
6-8 (CO, UTgNT) 0.318-0.376 Doucha ef al., 2005
FyE
9-10 (CO, UIgNT) 0.15 Lee ef af., 1996
Y g

Chlorococcum littorale 10-20 (CO, Y3gWT) 0.19 Lee et al., 1996
Dunaliella tertiolecta 5 (El’lﬂ‘lﬁ”?lkahvlﬂﬁ’m CaORLr2.72 Sydney et al., 2001
Scenedesmus sp. 5.5 (MFNAAMAYLIUATT | 0.203 Yoo et al., 2010

!,m"L“HﬁJ)

10 (CO, VIgNT) 0217 Yoo et al., 2010
Spirulina platensis 5 (mmﬂﬁtﬁﬂﬂﬁ";a CcO,) |3.18 Sydney et al., 2001
Spirulina sp. 6 (CO, E q %) 0.22 deMorais et al.,

2007

Synechocystis aquatilis 5 (mmﬁﬁaﬁu"lﬂﬁ"w CO,) | 0.15 Zhang et al., 2001
Monoraphidium minutum 9-10 (CO, ‘J_F?.if]‘ﬂ%) 0.480 Chiu et al., 2009

37: AAL)a9910 Suali and Sarbatly (2012)
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Chlorella sp.

qMi0 Chlorella sp. luamitediFoiiisomanamnnaea19 chloros ¥4
wlahd@nunznanasiu dia Fuahinamiesiiaitdnvasdumado i
dnlaeiiduriugudnaisszum 2-10 Pl flagella onegdiuwadinge wioediudi
Aqudou dnuazreurad 13disratouuy wu nsanaw 51 luazgs wadtinasvunalu
anmwRdeNReIny Ui enaunieTmisdoudeaiisen dngiistedunreiuasie
aaolslad A uaz B Tavazeglunae lsnaadsddnuazfhuugydas sseadmSoduui
pgsumad (17 2.2) Auius Tng Wiodunalnensadrsee Taailes (auto spore) Homian 48
Wi 16 awieriiatnovalhiauasiiu eunsudruvesemienassamiisail

Kingdom : Plantae

Division: Chlorophyta
Class: Trebouxiophyceae
Order: Chlorellales

Family: Chlorellaceae

Genues: Chlorella

Chlorelfla structure

nucleus e cell wall
nucleolus S~ DL D cell membrane

chloroplast
{cup-shaped)

Pyrenoid
{a collection of ™
starch grains)

517 2.2 dnpaziagesdilszaouvesmvsenanisan

*
=

U1 : Azzopard, 2012
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Fuel Property Diesel Biodiesel
Fuel Standard ASTM D975 ASTM D6751
Lower Heating Value, Btu/gal ~129,050 ~118,170
Kinematic Viscosity@ 40°C 1.3-4.1 4.0-6.0
Specific Gravity Kg/l@ 60°F 0.85 0.88
Density, Ib/gal@15°C 7.079 7.328
Water and Sediment, vol% 0.05 max 0.05 max
Carbon, wt% 87 77
Hydrogen,wt% 13 12
Oxygen, by dif. Wt% 0 i1
Sulfur,wt% 0.05 max 0.0 to 0.0024
Boiling Point,”C 180 to 340 315t0 350
Flash Point, °C 60 to 80 100 to 170
Cloud Point, °C -15to 5 -3to 12
Pour Point, °C -35to-15 -15to 10
Cetane Number 40-55 48-65
Lubricity SLBOCLE, grams 2000-5000 »7,000
Lubricity HFRR, microns 300-600 <300
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Variable Alkali Lipase Supereritical Acid
catalysis catalysis alcohol catalysis
Reaction temperature (°C) 60-70 30-40 239-238 55-80
Free fatty acid in raw Saponified Methyl esters Esters Esters
materials products
Water in raw materials Interference | No influence Interference
with reaction with reaction
Yield of methyl ester Normal Higher Good Normal
Recovery of glycerol Difficult Easy Difficult
Purification of methyl Repeated None Repeated
esters washing washing
Production cost of catalyst Cheap Relatively Medium Cheap
expensive
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~ o =t 1 ¥ w ¥
AT NN 2.5 Lgﬁﬂﬂ@\iﬂﬂjg’fﬂ@ﬂ'ﬂj‘uﬂum@Qﬁ’]ws'lﬂtluu']ﬁuﬂuﬂq (%)

Strain Protein | Carbohydrates Lipid Nucleic acid

Scenedesmus obliquus 50-56 10-17 12-14 3-6
Scenedesmus quadricauda 47 2 1.9 e
Scenedesmus dimorphus 8-18 21-52 16-40 -
Chlamydomonas reinhardtii 48 17 21 »
Chlorella vulgaris 51-58 1917 14-22 4-5
Chiorella pyrenoidosa 57 26 2 =
Spirogyra sp. 6-20 33-64 11-21 =
Dunaliella bioculata 49 4 8 -
Dunaliella salina 57 32 6 E
Euglena gracilis 39-61 14-18 14-20 -
Prymnestum parvum 28-45 25-33 22-38 1-2
Tetraselmis maculata 52 15 3 -
Porphyridium cruentum 28-39 40-57 9-14 -
Spirulina platensis 46-63 8-14 4-9 2-5
Spirulina maxima 60-71 13-16 6-7 3-4.5
Synechococcus sp. 63 15 I 5
Anabaena cylindrica 43-56 25-30 4-7 =

131 Becker, 1994
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Microalga Oil content(%odry wt)

Botryococeus brauni 25-75
Chlorella 28-32
Crypthecodinium cohnii 20

Cylindrotheca 16-37
Dunaliella primolecta 23

Isochrysis sp. 2533
Monacanthus salina »20

Nannochloris sp. 20-35
Nannochloropsis sp. 31-68
Neochloris oleoabundans 35-34
Nitzschia sp. 45-47
Phaeodactylum tricornutum ‘ 20-30
Schizochytrium sp. 50-77
Tetraselmis sueica 15-23

#11 ¢ Chisti, 2007
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Stock solution YBIETIAIAIT

1.1 NaNO3 lS'g
1.2 K2ZHPO4 0.04g
1.3 MgSO4-7TH20 0.075 ¢
1.4 CaCl2-2H20 0.036 g
1.5 Citric acid 0.006 g

1.6 Ferric ammonium citrate ~ 0.006 ¢

1.7 EDTA (disodium salt) 0.001 ¢

1.8 Na2CO3 0.02g
1.9 Trace metal mix AS 1.0ml
1.10 Agar (if needed) 100 ¢

* 1/5u1f51a3A90 Distilled water 1 18 1.0L
159 pH I 1R 5208 7

Trace metal mix A5: 15z nauaae

1. H3BO3 286 g
2. MnCl2:4H20 181¢g
3. ZnSO4-7H20 0222 ¢
4. NaMoO4-2H20 039g
5. CuSO4-5H20 0.079 ¢
6. Co(NO3)2:6H20 49 4mg

7. Distilled water 1.0L
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3.3 Balance; MettlerToledo PL3002
3.4 UV-Visible Spectrophotometer; HACH ModelDR/4000U
3.5 Light Meter Model; LX-73 Digicon
3.6Perlistertic pump; Watson marlow Pumps Model 520SIR UK.
3.7 Oven; memmert UM500 Germany
3.84@ARIA; Weifo DRY-300-2 Taiwan
399 ﬁaﬁ&mmﬁu (Autoclave); Labtech LAC-51008S Korer
3.10i30etlumAe, Hettichitt EBAI2R, Germany
3.11 iﬂaﬂmmcﬁu
3.12 ndvagans AN, Olympus JU CHS LU 2 A1
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WIN1SANEINITIS WA Y 1AV BTN Chlorella  vulgaris WUUNZ TUD
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(Tang et al., 2011) 4AZOATINTIIT LAY TATUNZ (Specific growth rate; ADIU) 1INTUATITH 2

(Tang et al., 2011)

P= X s (1)
4
p=In(X /X,) (2)

t-ty

ﬂi =) o = U
L9 P = HOKNOAYDI1IA (Biomass productivity; NIN/AAT/IU)
w=8a3Msaauan Tnd1we (Specific growth rate; ADIU)
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AN 4.1 ANUEHVTUVBININGIYA (X, ), HORTAVDINIAFIGA (P,,) LAZOATINT

winAu Tefumzgage (u,) 909 Chiorella vulgaris Tudwlfnsaiuazaniznis ¥ co,

Reactor X, (el P (gL'd) o (d)
tubular flow reactor (TFR) 0.2141 0.0438 0.2291
oscillatory flow reactor (OFR) 0.1240 0.0218 0.1430
tubular flow reactor+CO, (TFR+CO,) 0.3163 0.1185 0.4447
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No.| RT dn1az: laiiu co, dn1az: iy CO, Compounds
Area %Area Area %Area
1 522 8736 0.08 1126989 3.74 | octamethylcyclotetrasiloxane
2 9.38 47904 0.44 536132 1.78 | decamethylcyclopentasiloxane
3 14.09 4717867 4.38 708258 2.35 | unidentified
q 18.44 1060927 972 533672 1.77 | eicosamethylcyclodecasiloxane
g 19.11 370119 3.39 243900 0.81 | 24-di-tert-butylphenol
6 22.34 344038 3.15 2310604 7.66 | unidentified
7 2573 196331 1.80 807503 2.68 | benzodiazepin-2-one
8 26.16 1015053 9.30 451507 1.50 | 6,10,14-trimethyl-2-pentadecanone
9 26.91 1100445 10.08 308032 1.02 | methyl palmitate
10 | 2877 101124 0.93 403975 1.34 | methyl glycol phthalate il
11 4 B1.03 2990993 2739 | 11834932 39.25 | phytol
124 iy 3178 346082 GIlTE 897419 298 | glycine amide hydrochloride
13% |§e20s 94185 0.86 470984 156 | heptamethyl-3,3-
bis(trimethylsiloxy)tetrasiloxane
14 | 34.40 129254 1.18 391067 1.30 | octadecamethylcyclononasiloxane
15 | 1.35.65 397595 3.64 3941763 13.07 | hexamethylcyclotrisiloxane
16 | 36.78 281779 2.58 646738 2.15 | unidentified
179 37.88 525658 4.81 791320 2.62 | unidentified
18 | 39.20 291619 267 641434 2.13 | unidentified
19 | 40.85 163111 1.49 649305 2.15 | unidentified
20 | 4299 193603 1.77 658488 2.18 | unidentified
21 | 4364 783772 7.18 1796137 5.96 | unidentified
374 10,920,195 374 | 30,150,159
HULTIR

RT. = Retention time AD1IAMMIYNUENDBNNT

a4 dq ya
Area A9 WU lann

a4 A do ya s ¥ a o 44 s & o
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dalfnsal | windimes it
0 1 2 3 4 5
TFR oD 0.1010 | 0.1400 0.1663 0.2280 0.1337 | 0.10696
cell number
(cell) x10’ 195 |1 8719 2 2.33 1.53 1.07
temp(°C) 32 315 a4 322 31 33
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a3 ey Tunea (phytol)

%@mmé’mqy: phytol

MHIBINGRUIILAS:Phytol, AIUNFUUDIENTOUNTH:( €271, r11)- 3.7,11,15-
tetramethythexadec- 2- ol- en- 1;( e2)- 3,7,11,15- tetramethylhexadec- 2- ol- en- 1;( €2,7r, s11)-
3,7,11,15- tetramethylhexadec- 2- ol- en- 1; 539 mﬂaphytolg

gas luana: C,,H,,0

dninTumnn: 296,531

ANUNUILUUVD: 0.845g/cm3

191ADA: 335.486 ° c§1760mmhg
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nnguaasinae Isadfilszneudiorsumauingea (Pyrrole ring) $119u
429 Tnoduiivhiduandreaiu Ae aae TsWadnaaduees 16419 (Side Chain) Nuanaiany
iy Tasead e lnanavesnne 13Wad 1o (Chlorophyll a) wazaas 13Wad 4 (Chlorophyll b) 92

UANATINUAR LT UIUH L TN 08 dundaf 3 (Carbon C-3) HUVINAILUMUIDLADY

1 ‘3 v ' = 1 '
Tulasnuangadouiuduun Taolddedutueas 1slad o Slunymmiia (-CH) dauly

1
Q@ = f

Apduieveeaas Isilad 1 dlunydanleq (-cHO) v Tuanavesnas Tsilad 1o 4 5
[ F

o 1 > = o L) o« ]
avanolumara1eiea w1 uaziwiianeanssed laaniane Isflad 1 Tnyoad laan

Y " 9
Litivn Ssazane1da luensn 1uaan osu Bmes wazd Tau dludy

- =1 Qe = = 4 3,’ Y=t
3R 7msuisumeuguauiamaniuazlandves lneauaziiniufma

Fuel property Diesel Phytol
Carbon content (wt%) 86.64 80.62
Hydrogen content (wt%) 13.01 13.5
Oxygen content (wi%) 0 6.05
Molecular weight (g/mole) | 170 269.54
Sulfur content (ppm) 11.2 <10
Heat of combustion(kj/kg) 45,500 43,600
Heat of vaporization (kj’kg) 361 130
Cetane number 47.7 459
Density@ 25°C (kg/m’) 849.2 850.9
Vapor pressure @ 25°C (Pa) 1,000 <1
Viscosity @ 25°C (cSt) 3.775 63.54
Boilling point (°C) 320 358

7a1: Ramlrezet al., 2014
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mnNzienlsznevvesdtan lamuasesudalasanInnai

4

TunsTmsizieedlszaeuvesingu 19aT99 Gas Chromatograph (GC Msutawa

7 Y o ¥ v v 2
peatlznouveniwulgmsFeumeunug udeyauudilans (mass spectra) Ao WILEY

% Hq s L4 = o t:iJ
Ing NIST ﬁﬂYJxﬂﬁLﬂﬂiﬂi?ﬁﬂLLﬁﬂ\ﬂﬁﬂ\?u

Carrier gas:
Mode:
Injector temperature:

Oven temperature:

Detector temperature:

helium gas (ca. 1.0 ml/min),

Electron impact (EI, 70 eV)

250 °C

3 min isothermal at 70 °C, at 5°C/min to 200°C

and then at 10 °C/min to 280 °C (10 min isothermal)

280 °C.
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