UNANEa

TogUsrasAvaideiae eman e iuugaudnsunnangomadnnImaInga

amseanenug Chlorella Vulgaris lnglgnssuiunslalasimesuea wuuldldaissuise 14

v a L3

deufnsalaune 10 faddns nisanduauuuadu 3 dau ldun (1) eonuuun1sveassiigis

Tond wuviuau lneddudsdase 3 s lowd aamgil (180, 200, 220 sarwades) van (5,
10, 15 F2lu4) warsevarlnuuaasiadsuing (6.7, 10, 20) da2uUsany 2 aawds tawn USuna

WormduraiTanin (n$1) wesUSinadimmasudsdinim (nsu) (2) Msmanngivilizauiian

¥
I~ a

AT URINITNBUANBIIAYAT 1L UUTIA0ALATIVABUAIUYNH BIVDILUUTIADY (3)
= 9 & a = A avy = | < | o &
NSANYIAMAN UL VRIRBING WA NAHEALA TnenansAnmaiuseanty 3 duu sail

A1U7 1 Han1TIATIEAR1LLUTUTIH (ANOVA) wi9n SevazlaeuiasaUsuinsiduilade

a 1 a v [ 1

idndSnandadideddnnadnsesosnsnanan@einacddinm lnvanneimunvaudmsu

N a

ASHAR AB aYNd 180 BaAWwAYE WA 15 T7l14 warsosazlaauanausunnswinnu 6.7 @4

9 Y

¥ v
A a <

VHAHAN WA IANEER 0.225040.0419 n3u dwSudeundunaidinm linuidduds

—2
DD

v o

filiodndyneadin lapanfsfivmnzay fo aamgll 220 ssmwaldea an 5 ilus wazdovay
lngsiadeUsinasiniu 10 %ﬂﬁmawﬁmﬁamaqmmqaqm 10.0669+0.1481 A3y

daufl 2 MsnTIIEPUAIINGNFBITRLUUTIADY NUTUUT aRsElNTAeS U Bl
1p4toyaldd Tarrmnueainindouresdomdunmeglusedud vnsfidomnaudsFinnd
mmLLUiUs’Juqm’hLﬁaﬂmﬂﬂ%mmwamﬁmsﬁﬁlﬁﬁmﬁw

duil 3 Mlneandnuuzvesdniue nuidomdavadinmidamdunsa-
el 8.29 + 0.25 wagAnstliiiin 24.9 + 1.20 fedtuuddewuiiuns MIleTzride
wadla GC-MS wuansusznaundlalasesveuuazasduniidstounarsniin vnsfidomnas
ulstnmiamdsnuanuouganinunaiu uandisdinenmlunsfidudomamanny

uamsAnwiiuandifuingaanhemeiufinanansolfiduingivdmiunmande
Fowmdadanldogreiiuszansam wazn15Useyndild Response Surface Methodology (RSM)

YIAUUTLANTANNNTLUIUNSHNAN LA DL LU T AL



Abstract

The objective of this study was to determine the optimal conditions for biofuel
production from the microalgae Chlorella vulgaris using a non-catalytic hydrothermal
process in a 10 mL reactor. The research was conducted in three main parts: (1)
experimental design using the Box—-Behnken Design with three independent variables,
namely temperature (180, 200, and 220.°C), reaction time (5, 10, and 15 h), and biomass
concentration (6.7, 10, and 20% w/Vv), while the responses were bio-oil and biochar
amounts (g); (2) optimization using Response Surface Methodolegy'(RSM) to develop
predictive models and validate their accuracy; and (3) characterization of the obtained
products. The results were divided into three sections.

First, analysis of variance (ANOVA)revealed that biomass concentration
significantly affected biochariamount (p < 0.05). The optimal conditions for biochar
production were 180G, 15/h,/and 6:7% w/v, yielding a maximum biochar amount of
0.2254+0.0419 ¢. Inicontrast, no statistically significant factor was found for bio-oil
production: The optimal conditions for bio-oil were 220 °C, 5 h, and 10% w/v, providing
a maximum amount of 10.0669+0.1481 g.

Second, model validation indicated that the developed models effectively described the
overall trends. The prediction error for bio-oil was low, whereas biochar showed greater
variability due to its relatively small solid quantity.

Third, characterization results showed that the bio-oil had an average pH of 8.29
+ 0.25 and electrical conductivity of 24.9 + 1.20 mS/cm. Gas Chromatography—-Mass
Spectrometry (GC-MS) analysis identified various hydrocarbon and complex organic
compounds. The biochar exhibited a higher heating value compared to raw biomass,
indicating its potential as a solid biofuel.

These findings demonstrate that Chlorella vulgaris is a promising feedstock for
biofuel production, and the application of Response Surface Methodology effectively

enhances process optimization.



