o

~era1e
a0/ 8L A

223%"

i ri
L]

WInme

1y dninowamenssinisd o

o
™~
~
(=}
o2]
Gl

LDRELTORRIT

¥




bo07553

Wasmmauidy dninsmanznsmnsiduwsiend

RN

190739

MIMAA NNzl UN TV IUNTHANIBN ¥R

Taal¥matiamsesnuuunisnaasy

wydnwal Yannisaga

a a d-; ' o Aa A (v A ¥ <
mﬂmwuﬁum‘uaﬂaummmﬂmamwm’i‘]umwm
=X [ a
ﬂlﬂﬂﬂ]iﬂﬂﬂ]ﬂ]“ﬂﬂﬂgﬂiﬂiﬂgﬂuﬂ

IMNTIUMAATUIVUNG

MNINIAINTTHYAN KNS

TaunadInanas
o w =~ |
umINenaevelny

NUENY 2554



MsmaazimInzanigalunszuIUM NNl ML N1

Tagl¥matiansesnuuUMSNARDS

@ J o
1IN IAUNITAND

a a (dy Yo a wag Yo o 1 & =
Inoivusildsumsinsaneyialiiududiunisvesnsinm
aunangaslTyandmnssumansuviitudia

MVINININTTUYATIHNA

a a dJ Jdal a a d
AWULNITUNTADUVINGNUNWUT g1 1saNSnuInendinusg
......................................................... APETI e o1 e S, . i

£ a a @ o
HALAS. BITANA aynqila FRLAT. LATUNYIA IOUIUNT4

......................................................... NITUNIT

SALAT LATUINGIA VOUIUNS DS

......................... /1}& ATTUMS

HALAT. 39805 ¥uou Ina

i\%— :“.(/ NITUNT

0.95. qa«i?l) ananaial

\

20 AUOIUU 2554

< 1]
© AVANTURINM N9 11l



MIMANNIENHNZANNFAIUNIZLIUMSHANDNHEINTT

Tagl¥maiiansenuuuNSNaAaed

@ d @
ANy IAUITANA

a a o’dy Yo a waqg Y o d ' & =2
It lasumswasaneysia Ifiuidluaiurilsveamsfnm
MUNANGATUIYYIIAINTTUAAATUHITUNA

MIFIAINTIUYATINAIG

a a J dal a a d
AULNITUN TRV INGNUWUS o8NSy Ineniinug
......................................................... T e e S
£ a a [ Jd
WeLAs. BIIANA aynia IA.A5. 1A UNYTA DUIUNTYDY

......................................................... NTTUNIT

a =1 a @ 4
IA.AT. LTTUINYTA DUIUNTYD

......................... /\}k ATIUNI

HALAT. J90A5 BUHOU M)

o AP

....................................................... ATTINUNTT
@ a o d
9.03. qscv;) ananmIi Al

\

20 AUYIYU 2554

g _ Qs 1]
© AvansveIurIINeIaeFeeln



naanssuilsema

a a (al’o 4 9 a o a ) 4 9
uimustidus 1o 1ddaoauniannin sAas. SRR veuiunsves Aiiu
I (= o a s 4 9 o o o =< 9
8191350NUTn¥ 1 Ineinus Fenganliaimg dwuzih dnlSauwazasisaeuudly
a a ' o d Y ] [
Ingrtinusuad vauysel Aiouvenswveuwszaanilustiage’ld
yonsIwveunszAMdninanrnssunIsu Toueinuimaasina luladuas
- 1 a a s - v dq ¥ @
UIANT TUUMITIA (@NU) NTLNTIVINMaasiazing lulad Lﬂuamqqa nlumsariuayu
L X4 A 1 1 “a W A d'
oy A uITy eidualdselunsdnyinio1d lasssmdsoises “msmannsi
o a a
meaungalunszuaunsndaenueanndn laslanaiansesnuuunmsnaaes”
o ¢ a o o Hq Yo (2
VBNIIUVYBUNTLAMBINTI¥UNIITY Ua295ALUAZ Dr. Nobutaka Ito NIRA1SnEN
a a o o 1
asavaey ud lvineinusvdusiqarell1dded
1] Q’ L A\ s
YOUOUANAYIUAIAATI150 A5, 8350NA aynqUd, d¥uenans1esd as. 199A3
a s Py o oo a a a I'4
yugoulna uas as. g3t adagansal Angansuidunssumsaeuinniinug
YaveUANANANINTINAAAT UaT ANZgATIMNITIINYAT N 1AlTAT YL e
& o P d A & &
1998 M3 anuN gUnsslinsesiialumsiitoasen
Yoo UAUIA1 UITAWAZATOUATD ﬁ‘lé’dam?uuazaﬁnauumsﬁnmuamﬂu
faelendiAgynga
A - 9 9 o a a ' P
YBYBUAAUNBUY 9 Hoee wazdmihidszinndsdmnssugaammsyanui
9 1 A o a a d : d’
Wanurimmae lunsiineninusassiiae
o o 9 ' Yt A 9 g o 4
AWAUT Ve ToU voupLUARTINs s AuAIna 1T ez nilaaunHedula

a - ¢ 1 o ' o A 9 @ 44y
Tainoinusiauiiunwsesmiedanaiatlszns la Ailouvesivin au iidw

wndnwel Saunsana



A4 A a a Jd o P a
FOLIDIINYTIUNUS mi'ﬂTdnnzwmu1zﬁquﬁ1uﬂ'izu1uﬂ1i AAALNIUBAIN

1 lagldimaianisesnuuunisnaass
Y a d o
Jluen UNAAGNIANYY TRUNTANE
Usayan Imnssumaasurnindgia Gaanssugaamms)

el (2 a a J 4 a a @ 4
mmwmlsnunmmwus TOIANTATINITY AT, LATUNYTA IBWIUNTUDY

(¥4 v
N
196739
ay dato 4 o a vy a (4
miAisiidaglszasd lumsiuuafanms ldmaiseenuuunisnaasswlszgnd
Wlumsmdfimnzauvesnsndaenueanindn  uazsinisiinseiduguvesnissan
(BN 1UBANINT
Y P o da = k
wannsesnuuunsnanesildlunisfinuiasiiife niseenuuuulaneSvauny 2
(2" Factorial Design) Tasfimuailedo 4 flein Ao wiiavesin, 5desudlaliildouihnina,
ad as o o @ 1 { '
gamginl¥lumsmin uaznailFlunsmin msiadwoneufl I&dumanudutuves
4 ' i o 4 ) " o o
nuea  lunnnanesnieenduamiunoude duneuusnivon s zduvesiliion
o ] 4 A o o o <
mnzay funeuiiceaiiunsnaaeauiiondninavesiliivfiiinalunisnassaazan g
v
1 @ as a d
muauvewsiazileiy duneugaioilunsiinseidunuenueanndn

a

HAvINMINARBIL M AT 1Yoy aIBsadaiszdutiodfay (0) 191dY 0.05 wuh
|9 A a A [ J o 1 - d
feduniiansnalunnanesdl 3 feivde wiavesdn, Foevudlsliin/dvwihnina uay
o o o o o a Y A o 9 P
namlFlunsmin seduilsfonmuzauvesmsndaenueasindnie maidnmiie
o 1 ‘ Qs :
AVABUNLBUM YD Aspergillus oryzae WQE Aspergillus sake e 14 U NUUNANDY
' o e o = o ' 4 { &
delashnsmanneimnzauveslifonamldlumemin  wud  denauiuiuaiy
4 4 4 o 4 o &
uduvesemueasziuiusudeganils miuamnduduvesenueaszait dufunm
s . o { [ J A
fimnzaulunsminenueade 18 fu ldenmueaiitinamiuduegsznin 15-16 % iile

mnsifsuivuduruuesnisnaaemusanui  niskaaentueadsinmilnidvasy



190739

4 1 v
80UAWI¥031 Aspergillus oryzae Waz Aspergillus sake TAUNUAMA Ao 1,941.63 Y ilona

MU UeNIUBAANNITLTU 95% 1T1as 10 Bas



Thesis Title Optimal Condition Determination for the Production of

Ethanol from Rice Using Design of Experiment Technique

Author Ms. Yaowalak Watthanaworasakun

Degree Master of Engineering (Industrial Engineering)

Thesis Advisor Assoc. Prof. Sermkiat Jomjunyoug
ABSTRACT

130739

The purpose of this research was to introduce the concept of experimental design
techniques for determining the optimization of the ethanol production and cost analysis.

The study was based on the principle of 2" Factorial Design. Four factors used in
measuring concentration of ethanol from fermentation process are type of rice, convert starch into
sugar (hydrolysis), fermentation temperature and fermentation time. The experiment was divided
into 3 stages : the discovery of the factor interval, finding out the influences of the factors and
optimal conditions and finally, cost analysis of ethanol from rice.

The results of the experiment at the significance level of 0.05 (Ol = 0.05) indicated that
three factors have effected type of rice, convert starch into sugar (hydrolysis) and fermentation
time. The suitable factors of ethanol production from rice is based on fermented Black Glutinous
Rice using fungi Aspergillus oryzae and Aspergillus sake for 14 days. Then, finding the optimal
condition for fermentation time factor found that increasing fermentation time, ethanol
concentration increased and to be constant. The suitable time for ethanol fermentation is 18 days,
ethanol concentration during 15% to 16%. When we compare the cost of ethanol production. We
found that ethanol production from Black Glutinous Rice using fungi Aspergillus oryzae and

Aspergillus sake has the lowest cost at 1,941.63 baht per ethanol (concentration 95%) 10 litre.
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