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ABSTRACT

The objective of this study is to determine the appropriate technique for recovery
of energy from the waste syrup discharged from a carbonated beverage factory. There are two
options, the production of ethanol and the production of biogas. The initial COD, BOD, total
solid, total nitrogen, total phosphorous and acidity were 152,525; 25,180; 135,250; 4.15; 12.2 and
1258.2 mg/L respectively. The biogas production was conducted by two — stage anaerobic
reactors, a SL-anaerobic reactor for acid production conjunction with a 15L-upflow anaerobic
sludge blanket reactor (UASB). Waste syrup diluted to 5,000 mg/L COD with pH 5.0 — 6.0 was
fed into the first tank, so called acid production reactor. It was operated at various organic loading
rates (OLR) of 15, 20 and 30 kg.COD/m3-d, and the hydraulic retention time (HRT) was varied at
8, 6 and 4 hours respectively. The highest amount of volatile fatty acid (VFA), at 1,580 mg/L as
CH,COOH, was obtained at when the OLR of 20 kg.COD/m3.d and HRT of 6 hours, in the acid
production reactor. The maximum biogas production of 7.3 L/day and pH of 4.5 were obtained.
Composition of biogas in the acid production reactor were 75% CO, and 25% H, while CH, was
not found. The effluent from the first stage was then adjusted to pH 6.8-7.2 with calcium
carbonate and also C : N ratio was adjusted to 100 : 1.1 before feeding into the methane
production reactor. For determining of the optimal condition in the methane production reactor,
the OLR was varied at 1.9, 2.6, 3.9, 7.8 and 15.6 kg.COD/m3.d and HRT at 48, 36, 24, 12 and 6
hours respectively. The maximum yield of biogas at 12.58 L/day with 79% CH, and 21% CO,
were recovered and H, was not detected; The COD and TS of waste syrup were removed about
94.7 and 99.08% respectively, with HRT at 36 hours.

Comparison of aseptic and septic fermentation system for ethanol production
by fermenting waste syrup with Saccharomyces cerevisiae for 48 hours in the medium I was also

determined.It was found that the maximum yields of ethanol at 5.33 and 3.99 g/l were recovered

(5)






Ananssudszmna

4
aw A A Yaaw g
L1

o s a a a w et
Q'lu']QU‘Nf‘hﬁ%ﬁ\?ﬁ?ﬂﬂW'Ji]ﬂﬂ'JUﬂTl”ﬂH!ﬂi’]g'ﬂ‘i]'lﬂ AT.NFAA ﬁlﬂi\?g El'l‘ﬂ'lﬁﬂﬁ

'3 rd =1 1 P o o
U3nut uay as.Jozfad yguads e1915didSouisa Anganldfumzimasasuld
o @ v o v o a a o
dnlinusuiiuiss Temidemsud lvilgmidduSigarsnaeamsiiineiinus
a 4 a = o
YOVBUNILAM 5A.AT YUY YszaTgasswUsenunssumsaouInginus
=] as 4 . o @ a A o a o
waz seLastiuy ulvosulsd assumsindeds Tnotudninnds A lddefamuaueouuy
= ) odq ¥ 9 o
wazAs9MULA U INneinus IRgnaesauysel
@ a a a o as = 4
ypvauRuINRaIMndsuazdninuianInnmaasiazina Tulay
uran@ (@) Aimsmivayunulumsise
;s&au g/ = oo a oo w ~ P 9
uenniifIsvdsavevounm uTEN manind $1ia TssamnsdifnuiinI

mMsoyATIEHYBYya uazdeg e lumsAny1IdY

239U IHONYY

(7



NN
o Y A
UMNAUTO ...
MTATINONET........
TQUszeaf. ...
P 1% aov
sz Temin lasuananuide
[ 4 an av

2 Jagginiaiuazismsive..
o o
aauazginsal..........
ABAUTUMT v

a J
3 AALLASIVTITURNANTITINAODN

4 unagduazdorauenuy....

DD AT D 1ID oo oo oo e e oo oo

nin
(®)
©)
(12)

31
32
32
33
33
36
44

102

104

109

125

®)



LIST OF TABLES

Table Page
I. Factors effected to the growth of microorganism in anaerobic wastewater
L0010 0631 LA Y 1) 1 D 18
2. Comparison of input and output of various wastewater treatment systems.......... 23
3. List of sources of wastewater suited for anaerobic wastewater treatments.......... 26
4. Equilibrium of 1 m’ of biogas to the other energy sources...............cocevvvvenn.n 28
5. Parameters and method. ... 41
6. Quantity of waste syrup from processing lines in a carbonated beverage factory... 45
7. Characteristics of waste syrup from a carbonated beverage factory.................. 46

8. Effect of OLR of 15, 20 and 30 kgCOD/m3.d on parameters in the anaerobic acid
reactor at steady state CONdItion..........oovieiiiitiitiiie e 53
9. Effect of OLR 0f 1.9, 2.6, 3.9 and 7.8 kgCOD/m3.d on parameters in the

methane production reactor fed by waste syrup from a carbonated beverage

factory under steady state condition..............coovviiiiiiiiiiiiiii e, 59
10. Amount of biogas production from Im’ of difference sources of wastewater 59
11. Comparison of the parameters used for ethanol production medium I and II by

S. cerevisiae TISTR 5055 under aseptic condition...............coceeeiviniiiinnnn... 63
12. Cost of infrastructure development for biogas production from waste syrup from

a carbonated beverage factory project..........oveveiiiiiiiiiiiiiniieieieeeeans. 69
13. Structure cost for biogas production from waste syrup collected from a

carbonated beverage factory Project...........cooevuiiiriiiiiiiii e 70
14. Working capital in the 1" year for biogas production from waste syrup collected

from a carbonated beverage factory project............cooeviiiiiiiiiiiiiiii 71
15. Electricity cost use for wastewater treatment system in 2009........................ 75
16. Income statement for 10 years project period of biogas production from waste

syrup collected from a carbonated beverage factory project..............coevvvnvnnn. 76

17. IRR and NPV for 10 years project of the biogas production from waste syrup

collected from a carbonated beverage factory project (PWF for NPV 8 %)......... 77

©)



LIST OF TABLES (Cont.)

Table Page

18. Pay back period of biogas production from waste syrup collected from a

carbonated beverage factory project.......o.oovviiiiiiiiiiii e 78
19. Cost — benefit ratio of the biogas production from waste syrup collected from a

carbonated beverage factory ProJECt .........cecervrverrieriereeieeieeereseseeeeeeeeseeeeeeeens 79
20. Machine and equipment cost for the ethanol production plant fed with waste

syrup collected from a carbonated beverage factory project.......ccccceeveevververceennnnne 84
21. Cost for infrastructure for the ethanol production fed with waste syrup collected

from a carbonated beverage factory project ..........oovviiiiiiiiiiiiiiiieees 85

22. Working capital in the 1" year for the ethanol production fed with waste syrup

collected from a carbonated beverage factory project with medium I and II...... 86
23. Income statement for 10 years project period of ethanol production with waste

syrup collected from a carbonated beverage factory project (medium I)............ 90
24. Income statement for 10 years project period of ethanol production with waste

syrup collected from a carbonated beverage factory project (medium II)......... 91
25. Comparison of economic analysis for biogas and ethanol production fed with

waste syrup collected from a carbonated beverage factory project................... 92
26. Cost for infrastructure for the biogas production fed with waste syrup for

Haadthip COmMPANY.........ouiieiiiiie e e e 93
217. Machine and equipment cost for the biogas production fed with waste syrup

collected from a carbonated beverage factory project for Haadthip company 94

28. Working capital in the 1" year for biogas production fed with waste syrup

collected from a carbonated beverage factory project for Haadthip company 94
29. Income statement for 10 years project period of the biogas production fed with

waste syrup collected from a carbonated beverage factory project for Haadthip

(070) 101524 98

(10)



LIST OF TABLES (Cont.)

Table Page
30. IRR and NPV for 10 years project period of the biogas production fed with
waste syrup collected from a carbonated beverage factory project (PWF for
NPV 8 %) for Haadthip Company.............cc.oeviuiuiiiiiiiieriiiiiieieiiieaneanne 99
31. Pay back period of the biogas production fed with waste syrup collected from a
carbonated beverage factory project for Haadthip Company......................... 100
32. Cost — benefit ratio of the biogas production fed with waste syrup collected
from a carbonated beverage factory project for Haadthip company.................. 101

(1



Figure

10.

11.

12.

13.

14.

15.

16.

17.

18.

LIST OF FIGURES

AnNaerobic filter TEACTOT. .. . ..uuitii i
Anaerobic coNtact reaCtOr SYSIEIM . ....ueutettetite et et et eteteneeiteneeieereanenns
Up flow anaerobic sludge blanket (UASB) reactor..............cccoevveviieiininnin.
An anaerobic fluidized bed reactor.............coiiiiiiiiiiii
A modified gasoline engine operated by biogas.............cocevviiiiiiiiiiiiiii
A modified diesel engine operated by biogas..........ccooviiiiiiiiiiiiiiiiiiieea,
A generator with a capacity 500-1,000 kW operated by biogas.......................
Two stage anaerobic wastewater treatment system, consist of anaerobic acid and
UASB reactor with use for biogas production in laboratory...........................
Flow process chart of carbonated beverage.............ccoovviiiiiiiiiiiiiiiiiii e,
Carbonated beverage storage tank............oeeveiiiiiriiiiiiiiieiiii i eeeanan,
Quantity of rejected products from a carbonated beverage factory in 2007......
Effect of OLR of 15, 20 and 30 kgCOD/mS.d on VFA production in the
anaerobic acid reactor fed by waste syrup from a carbonated beverage factory....
Effect of HRT of 8, 6 and 4 hrs on VFA production in the anaerobic acid reactor
fed by waste syrup from a carbonated beverage factory.................oooeiiiiii
pH of effluence from the anaerobic acid reactor fed by waste syrup from

a carbonated beverage factory.........o.vviiiiiiiiiiii e
Effect of OLR of 15, 20 and 30 kgCOD/m3.d on alkalinity in the anaerobic acid
reactor fed by waste syrup from a carbonated beverage factory.....................
Effect of OLR of 15, 20 and 30 kgCOD/m3.d on COD removal in the anaerobic
acid reactor fed by waste syrup from a carbonated beverage factory................
Effect of OLR of 15, 20 and 30 kgCOD/m3.d on TS removal in the anaerobic
acid reactor fed by waste syrup from a carbonated beverage factory...............
Effect of OLR of 15, 20 and 30 kgCOD/m3.d on biogas production in the

anaerobic acid reactor fed by waste syrup from a carbonated beverage factory....

LIST OF FIGURES (Cont.)

Page
19
20
21
23
27
27
28

35

37

38

44

48

49

49

50

51

51

52

(12)



Figure

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Figure

Effect of OLR of 15, 20 and 30 kgCOD/m3.d on biogas composition in the
anaerobic acid reactor fed by waste syrup from a carbonated beverage factory.....
Effect of HRT of 48, 36, 24, 12 and 6 hrs on biogas production in the methane
production reactor fed by waste syrup from a carbonated beverage factory.........
Effect of OLR of 1.9, 2.6, 3.9 and 7.8 kgCOD/m3.d on biogas production in the

methane production reactor fed by waste syrup from a carbonated beverage

Effect of OLR 0f 1.9, 2.6, 3.9 and 7.8 kgCOD/m3.d on biogas composition in the
methane production reactor fed by waste syrup from a carbonated beverage
factory under steady state condition............coeviiiiiiiiiiiiiii e,
Effect of OLR 0f 1.9, 2.6, 3.9 and 7.8 kgCOD/m3.d on TS removal in the
methane production reactor which operated by waste syrup from a carbonated
beverage factory under steady state condition...............cooviiiiiiiniiiiniiinn.n..
Effect of OLR 0f 1.9, 2.6, 3.9 and 7.8 kgCOD/m3.d on COD removal in the

methane production reactor fed by waste syrup from a carbonated beverage

Amount of ethanol production compared with the decreasing of the reducing
sugar in waste syrup from a carbonated beverage factory fortified with medium I
under aseptic condition for 48 hrs by S. cerevisiae TISTR 5055.....................
Amount of ethanol production compared with the decreasing of the reducing
sugar in waste syrup from a carbonated beverage factory fortified with medium I
under septic condition for 48 hrs by S. cerevisiae TISTR 5055...........c.c.coeiiie.
Amount of ethanol production compared with the decreasing of the reducing
sugar in waste syrup from a carbonated beverage factory fortified with medium
IT under aseptic condition for 48 hrs by S. cerevisiae TISTR 5055 ...............
Schematic plan for the biogas production for a plant fed with waste syrup

collected from a carbonated beverage factory.............ccoovviiiiiiiiiiiiiiinn,

LIST OF FIGURES (Cont.)

Page

53

55

56

56

57

58

60

61

62

66

Page

(13)



29.

30.

31.

32.

33.

Top view of the biogas production plant fed with waste syrup collected from a
carbonated beverage factory...........ooveviiiiiii i
An upflow anaerobic sludge blanket (UASB) reactor used for methane

02 LT L1 o1 o) s W
Schematic plan for the ethanol production for a plant fed with waste syrup
collected from a carbonated beverage factory............cooeviviiiiiiiiiiiiinnnnn..
Top view of the ethanol production plant fed with waste syrup collected from a
carbonated beverage factory.........o.viuiii it
A biogas production plant modified from the existing wastewater treatment

system of Haadthip Company..........ccooeiiiiiiiiiiiiiiiiiiiie e,

67

68

82

&3

97

(14)



o Y d‘
UNHIAULION

E4
A o

Y '
gaamnssuihsaaniugaasunssuiithindonnnszuaumsnanlulin

[ Y
nnd sy Tssnuidvinasmdimssaaiszana 300-400 gaunafwas/Au v isnaninde

v

= ¢ TR Y IR
qqmﬂizmm 700 — 900 gNUIANLNAT/IU Fauudeazdsznouaie 2 ﬂiglﬂ'ﬂiﬁﬂf] 'lmm U1
=

= o A 3’ A A a oy L4 o a a A
LTCTfJVI’Jllll A uToNNAIINIANMIANNAZ01AINNTZVIUMTHAaR TaalUTuagaDs

U
E4

9 S 4 o ' A A g 2 4 Aa s o
sznmsosas 80-90 vosuFenavua tazaIvmmasutindenieenilsneuveaiinia
v F Y Y v v v
e MielEenInhung dudediutiozuninanmsdreniosnssy hdaaniusiguan
9 =) A 1 o 09/ @ A a [ Yy A A
udmatiguanta liassnwiimuanazihdaauiissninuangnanilosnindonnmnin Tu
= dy a 1 o :‘ Qy [ 9 4 A
MsanpInzn s Rz luaiuveanisiiivunansuv 1¥se Tewsy 1109910
g’ Ay 1< g’ A A A = ~ aa [ a a o a
wnunuiluings nimi Teauaz 3 ToANgedaszat 20,000 1az 100,000 Haansu/ans

sy walifierlszina 2 - 4 (§a1500 MNAEITN LAZANE, 2545) FIFIHANTENUA

v v a s dA [}

v 1 H
sruuiaindesnveslsunuUeaies AT USATINTTAITOUNI INGIBINTNS
1 :‘ Qy 1 o C% 1 9 a A o C% oy = = 3 1 Y
Pasoihmnuiiasgszuniinie dwaldszd@niamlumstiniaiudoanas Sniear1d91e

Tumsihiiageiu Seanastiuemimmnuinweenanmsthimindesmieudlymiaina

& )y o & a g ya £ o o £ ¥y a A a A

wesmnangiligiiudemasildinmgau madinhwnunanldsdadomaaionaumu
v Y 2

Ysinamslfigemadlunszuiumssan Suiuhiinnwdidy dmnunesnlsgneuves

a

J & o 2 e v g ! ¢ A a v o
wamalundn Fegaunidansolddunnasmsvoulumaniydaule uazldwanaosla
Jung S e 3 y 2
Wuwdu msdnutiigdimsdnutennuiuldlumsldlse Teninnmimauine Tag
a A d' Y o A o 9y 9131 o dy a
wnsannnmeniasa nasnuierihn ldnasnums liniuyemasluTswnu
9 a [ =) A < 9
1aun mawdaunadinin vie enuea iudu
Y 9 H
msnmanudiull1dlums 145 TeminmimaunazAnudananei
a o :‘ Qy o L4 1 <
1Fumsinsanszuiumsinihvnunanduun ldlse Temilaun anuduldTdniedu
9 v
malulad msdseudasldneFursygenans saunese Toxinazwanouunui ldsves
1 A a A A | Y ] Iq 9 a =
usazmuden Tagaznarsamadenidanuiulllaluihwnlszgnd 1dauswasdl
nagpuUNUNNIMIauiigiiiae Fazdumuimaniliumsasdymuaziuilsza@nsam

Y v
vosszuvihiaindelugaamnssumnantidaay



N1IAIVBDNAT
1. Hionay

Q o = 4 A A v o ¢ s & o q ¥ a
DAY HUIYDI Lﬂi’fNﬂiJ‘V]Wﬁﬂﬂ?ﬂllﬂﬁﬂWiUﬂHUlﬂﬂ’Oﬂ‘l“Kﬂ “If\iﬁ]$‘i’lﬂ1"f!,ﬂﬂ
[} 3’ [ [ = g‘ A A~ 1 1
Wosa1 omanuyuiu 2 Yszan 1]'§$Lﬂ1’llliﬂh13J3Jﬂ1§NﬁiJuTVi’ﬂu ‘Vf’iﬂ‘ﬂliﬂﬂ’ﬂi“ﬁ@W aIu

= A d' 3 1 a' a ana
anlszianaelszninaimnu Ugusanauuazsana (auly @510n, 2537)

1.1 Uszianvesridnan
v 2o a ¥ v < A
mnuaidaauesnaNAIeMIHan 3zueen lailu 3 Usznn A

v v
1. e nnede ihdaausialnan
2 a = ¢ o A ks VA g '
2. 1 nneda ddaaunimnaniiy wazuasdmiuvaiee uu

Y Y Y 4
o )

= :‘ Y 9 2 o o o Aw 1 = [ A o 2] o a A
WA LUV UITY Lflmu Farhonandsznnihddawyseenamdu suasaung AUvHan

[ 2
liisauda
g’w Y

7 = Asa 7 ' Y
3. lQUDU — "],ﬂll UNUWEYHI UIDAAUNUTUI llﬂ!,l,ﬂ ﬁllllﬁﬂ HASEEIUY — N

¥
a o v

1.2 N3533BMIHamonau

E4
o w

Tsenuwamiwaayluldszma Inelioguate Tsenudienu dmsulssanun

e

Y
a

a g’ % ' A o as a S o A [ 1
wamihioaanlnni- Inal Ineau 7 159979 N353 lumMsHanvelianyusnlouny uae

e

uana19n U LT U UMM NI a1 Y 1HD991ANUMANNALNUANA1N Y §IUVDI

a Aq a Y J J o o & I I s
ﬁQ@Uﬂi‘KiuﬂWiNﬁ@ 1]3$ﬂﬂllﬂ’flﬂ HIALD1A U1 UIUUYD LLE‘]%LLﬂﬁTﬂWiU@uhlﬂ’ﬂ@ﬂ"l“Kﬂ

1.2.1 MM

9
v Y

Y v 4 v
WaanguinueziumsdsulpquninihduduTaslinis@uenia
o A I a 4 o aaa [
TagldIanmsdivotenaisazaromianeon taziAuaaei uuazyuruieilgnsenums
dy ' 3’ 1 dy ! v A g} o v Y Y v
Yuidousglurh diuse IsnaequazluniesvoNnuE 19 HAINIUNITNTDIAIBHINT DI
o o . o da o v a9 gy
N319 1A InNTuIziIuNIUTulgInuniniienasalaenis ldasal Tunouild Lime
A 9 [ dy 1 d‘w 1 9 [
Process 10194 FeS0,,Ca(OH), 1oz Ca(OC), naenntaziiumsnsesazneuida lianalens
] v H Y Y
N309N31OUAZHIUGINTO4 activated carbon 1aR1IAT nau wazaassuiand1aluih Taei
9 9 1 v
o ~ ' o = L. 3 <
MnTuApuilvzdesiiunInseIaziBen (polishing filter) tionIoIdudoUVIMEN Tz

10 lunsou



TR |
1.2.2 MIAIGNHUBON

v P v
a % a =)

Waansganusgnigaeauiuihazetaludsduigungil 80 esrurafod 1ive

a u

F P v £l
A 9 o

o A @ o o Y3 Y ' = o Y
ASATMIUINALUASNIUYD ﬂﬂ\?zﬂ1ﬂuui]zQﬂﬂﬁ'E)Qllagvl11Wlﬂulla3m1l%@ﬂ?ﬂ§Qﬁ@ﬂﬁﬁ1131@!@@]

1.2.3 MIAN8NIUY0
Y ¥ ] Y Y
o o A I=Sn}

[ Y
unindeniiaion PBwauduirfdiumsUsvdjenmninuds uazwaning

[

J A Y 9 Aa a A v S & o a o o a
(‘11!“‘IfﬂiJL"’UiJ"U‘Hﬂ?JﬂTﬁLGﬁJﬁWﬁJiQLWNﬂauiﬁ)qﬂlﬂuu%“}fﬂﬂnﬁﬁ]?jﬂﬂﬂ\ﬁﬂﬂﬂﬂﬂﬂ?iﬂi?%ﬁﬂﬂ

a

I~ o
aauam iy ldawmasgunsiue
1.2.4 MIVITY

g’ & ] ' 1% g’ o 1 =2 Y
usodusaglgnaslilnauimhazernludadivilszinm 5.4:1 894 1udd

Y o 4

=2 o v 7 s Y = A Y va
%Qﬂ?ﬁlﬂlﬂutlﬁﬁﬁ)ﬂllﬂﬁﬂﬁ‘]J’t)ullﬂﬂﬂﬂul“]fﬂ ummmai;mmﬂT%mimms@mmﬁium
4

wieunalariun

T o A o a a_ o w
1.3 !!‘ﬁiNfn!l!ﬂl!1!68%1?!15\1\1114%@9]1!1991@31
g’ =S g} [ ] I 1 ] [ dy
u%’dﬂiﬂﬂiiﬂxﬂuuﬁ)ﬂﬂiJLL‘]NE]E]ﬂLﬂL! 2 ﬂ’sjllslﬁi‘llu“] ANU

v Y Y
1. indennmsdnea aadlulsznadosas 80 veuinderianua
Y

3’ S Q‘J g’ 1 A a WQd‘ dgl 2 1]
2. ddudem i) ihdwiitilSinarazgauautianulsUsmdusuranm

A
HAZUYAITZ VI8N UTLNPUAY
J o A Sy o ~
- sz uulsulganamwi iy 18196909 1A NaWauaISIAL
Vv ' '
- 1hdennnieussy lussriumsussydoliviauan
Vv

v
a
g v A y 1 & a & 4 a v S & v o

- HINNUY Vlﬂ!,!,ﬂ NWHUTIUNUNDITANAN 'H’EIQWZT?JHWL‘HE]LL’G%WENllﬁ‘]Jﬂfllﬂ1W
v

O

Y F F v Y ' Vv
-hdnndeanau i ude i gy 1hansadiuyon tazii

Y o S A Y
ANNNINUNUTDY Lﬂuﬁu

9

- hdaaudoNnmMN N

L4 WMrnunanlssnuwamienan Usznoudie

v
o =

v v v v 1 ]
Lihaaudougunn vuede hoaauuaely nsethoaauitdoudnin
MIIMIUANI1NYoINsuzUTTy Awdou wielguainlildammasgundimuann
NILUIUMINAN
Y v

Y Y
2. MU NUINNIZVIUMTHA 1AL TUADUMITHANTII UFIT LT M1TA

E4 [
Wwssgneumsussy azthviuluduimaemaluduinnaimswan



%

2. wanaee ldminmsthmihfsiididsmnanimags

Y 4 ' Y Y ' Y Y
winenilFnanhmageveslssnusdaiidaay ae @G enIniimnung

= 4

Lﬁaamm*ﬂuﬁ'auﬁmmﬂﬁzﬂauﬁgﬂm‘i’mmiuﬂ?mmq@ Fomniaougszuuiiiasom
Tagasazifumsiumse s zumidaindes wras i idumulumsiaindegs
e daiusamsinsandimsaninanhaaluihuireuldesgszuniiiiasu
mmzLﬁmﬁuﬂ?mmﬁ’wmaﬁﬁagﬂuﬁymmu‘ﬁqummﬁmﬂ%”lumswﬁmwﬁwmmmmu‘lﬁ’

LB

2.1. MSHAANIHDA
A A a A & A o =
PNIUBAKIONITINDNTFONIII 19Faueanvdaa (ethyl alcohol) lasligas
I =\ :‘ 1] 1w a
Tassasraiuc,H,0H HiwninTuanamii 46.07 yaudeatlszum 78 osrusaiFod aa'lu
] o ™ I A A A o
18 dnvaznd lduvearadla 1ulld Tnaummzdaiveseniuea (W0n.640-2529)
2.1.2 MsridneNMUea
Y
UnAMINITAEMUDATIINTONAVBININTTTUHIA 1AsATZUIUMTHEN e

= J

a A do Y o o A :‘ = 2‘
ﬁ]ﬂuﬂiﬂﬂWW’JﬂﬂﬁﬁTﬂﬂi“ﬁﬁﬂﬁmiﬂlﬂuﬁﬁiﬂigﬂﬂlliﬂ‘W’Jﬂ‘W’JﬂLL'ﬂQ‘ﬁiﬂMWWWﬁ FIUINA1

a

= I ~
Tuanaszgnuldowiluasveulasenlaa 2 Tuana neldaniwnlsinaine1ma (Phaff er
al., 1986)
o =) 4 3 a ~ = ag
mswinlemueavessaatiwnanmsing Inagniaeulianidlnala’la
Faaula lngnaninng Ina 1 Tuana 9219 lngne 2 Twana 91m1iulngaina decarboxylation
4 I ] 1 Aaaa a A
Tagtou a3 alcohol  dehydrogenase 1@ N5 9RTe1 (@135 Auno, 2540) MNHad N9
AN Yo a o ] o A A g
nguq ladinswaaeniueainnglad 1nsuldieniuea 0.511 nsunazvaeriu
s s v @ a ° o A
a3 vou laeonlea 0.498 nSu tiuAplinaNAAN NG YT (theoretical yield) d11TUMIHAAIDON
'V v 9 A gl 3 ~ 7q Y a a
weamnuiovay 51.11iesnmhamalszanuiosas 6-12 vz gnodd I lumsnTaaua uaz
= [l A I a [} = v A .
dnundinazgnilasuiluranass lduneriie 15u ndivesea TN uay higher alcohol
A . o Y a A 9/5 1 a = Aa va ~
30 fusel oil 1 1HUSIamemueanlddniwandanangufave lumalfiaenivean
Y 1 ] 1a 9 a = a 9}d’ a d? a
laeglugaelinuiosaz 90-95 voawanaan1angui Insnanaanase lannadunaninns
Vv
I¥duaaindoesay 4-5 uazdramnsodlosdu luliinamsadawanannases Idmaniuag 18

Y Y

emueaiNgIIuiosaz 2.7 Jagiumsndaszaugadinnssu ldlenusanisosas 80-90

] v

9

a o J a
GU’ENW'GW’GGWIN'VIQ‘Ha ‘;dﬁ\?ﬂii%‘]J’Juﬂ15ﬁllﬂl’ﬂ1/ﬂuﬂﬁ‘llEN?J’(?WIH@ﬂ%1ﬂ%$1ﬁ}WﬁNa§lﬁ§lﬂ\1ﬂ1§LLéJ'J



faziimstanaosndsnunnuioulugiues ATP A6 (@133 115199, 2540; Panchai and
Tavares, 1990)
U a Ad' a
2.1.3 Iagavililumswamemuea

musaannsonan ldnniagaumamsnuasiatesia uiseenily

31)5zam
o a 1w o v 9 9 a9 J o o
(1) Jagavilsznnutls usiudnlzrasdn Tna 1a18 S1ouead Tudss

%

Tume udu Sagavwiniiamniadesaasldiinimialdlasms ou lainsonsa uils

ﬁmmsaﬁmmﬁmamuaa@f

oufuuilifimmsaazaredluihdeu Fuzgnioulsises
aaolifuhmanaunsaninlg ennilayan wigsail, 2545)

) SngAutsziamiimna Wy des mahaa $1aihanu fafmany
dudu B33 aSusang, 2543)

(3) Lﬁyﬁﬁ@ﬁgﬂumagiaa i vhadh Aneusn vanuen viseielonniia
AN (530N ATUIANT, 2543) iamwﬁaﬁwwﬂimﬁaﬂ T5909IN52AY NIZAIY
ﬁﬁqﬁaﬁuﬁuazfﬂémc?qﬁn?rﬂmﬂismuﬁmizmymmzﬁmmﬁqmﬁmmﬂﬁﬂmwﬂaﬂﬁu
PONNUALED mﬂ%’wagiamfluﬁfﬁqﬁu"lumswﬁmamuoadaummﬂuﬁmmﬁaﬁquﬂ
TranunSomamanuas muilyan wigsad, 2543)

2.14 dan (yeast)
Badiilugaunidnanldemeawetlszanat (facultative anaerobe) iilugaun3d

Y

a =& d‘ ] [ 1 =1 ] 9 3 1 [ Y 1= I o
wilanienoglungudesvoudost liamsolduauaaiunranasnuld nadaandugiu

)

a d’ Vo 9 A . a A ' 1A o aa <3| J
Inern lsidudowniouilala (fungi) siuaouqaulvaimsasayIailuisaaife)

[ 4
(unicellular form) mumﬁ’umg{uﬂﬂmqﬂﬁgmm 5 luaseu wazenlszunm 8 lunseu uazd

d aa o ~

1 1 A < 9 = I
JUTIaeIUD Y nsanan N335 Wuaeerududu @139 Asduationa, 2538) damilu

a A A A Ao w a A A a a g
aumEmnummmmzmmmmm‘ﬂmﬂﬂﬂumiwamﬂimﬂu%mm

4 [}
fuueanoden 1¥u

oD

@ a a

A J 4 a A A a J 1 a YA I a @ 1
a3 'l:m q51 MInaanesaNyaueansgoauiianlddaananunuingausssumaLa Iy

a a

I~ =

v A J a { a a 1 a
HogtiuilonlFoaduigniduFesudulaomsnannifovas 96 Houl¥ Scerevisice 130
an o o 0 { g o
S. uvarum (carlsbergensis) (a@u1y @3 1, 2544) wonanildelimsigedaduiivunilaay
p1113nITna1eq Jagifuilse Toxdaesdaddeaiuisonrld1Fluniegaaimnssy 1gu
a e a & ¢ a A S A . i
gad NI suMIHEA 1211 MInaadu lyl nano11m1s TUsAuwadine (single cell protein) 1az

a aa J a
TagmnieMsnanenILoa (ATUNT NANINg, 2530)



2.1.5 iase1nns uaziladasuiludemsnIauazmndaemueavesian
2.1.5.1 HHAINI VDU
(1) hmasn) e

= o AAa <] a

I a A [ a A Y KR A A
ﬂﬁﬁlﬂuﬁqn%ﬂﬁmuqﬂlaﬂﬂﬁ1ﬂ1§ﬂﬂ@ﬂﬁa1ﬂﬁ’]ﬁ@uw§ﬂqﬂ PIF1TDUNTYN

1 Y [

< ' J as J ° 9 a Y 1 ° = J
Wunrasasveundadamsninldlumsninla Tasdruninimandadainiso
° a ' g At o '
dnlFlumsnsyung Taa suiluasemshtadiinluldlss Temildedrandevnaunn
d' 9 ] (; a dy dy Y a va
nga Tasnglaaszgnlyedaainanelumsauatluemis@euseluiealiianisns
dy = 4 a dy = o ] o 9 Y ] dd‘
IANtad ausssumnaveutedadng Iaaluawnsntiunldlse Tomildde wulunsdii
| ~ '
nglamiuesndsznoululaseafruvaglae utdl uazIndusanilsdoun nielu
, S v A o A q9 q 9 o o
dyulsgnevvesasdsduniluiaqmae ldmamsnvasnldlumsvin (hguile aszga

Todn oy AMY, 2544)

A A

Iy . - o 2 4 o
uonvniing laadelinganssulumsdudimsldimiadiouvedad el
v 9 9 v v Y v
msminthamasiatisuiuihmariadwsedadannsamimhmaniiasveullseneveg
A Yy & Y o S o
6 pzaoY iolen laa 1A sauenanng Induddadaunsoniniynlad uuuTud nuanlae
I 4 &%
1A Tasi¥o baker’s yeast ttazbrewer’s yeast d1113nwinng Iaauazin laalunszuiums
o Yy 1 o A Y Y ¥ Y 9
ninlemuealais whnuieanududuvesng Inasosaz 1-10 nazganududuveslynlae
‘A o & o { ¢ o
agniooaz 2-8 Tagiiang InauazvgnIamdmhaandadaunsaldlunszuaumsnin’la
9 ' v v v
(fermentable sugar) muﬁmmwagslugﬂ"lﬂcmm{uaa (L-isomer) naruaiiniandad b
a13150 1% 1un3202umM5HITA 14 (unfermentable sugar) (Ugua Iasowu, 2549)
@) inmamiuIna
I g’ A A 4 1 = 4 2
mu Ineniusiiamaniaisueuilsznoved 5 oznon sadaiuisald
% a & % o
mssznouns 1u'lawsalaenldewiueonuea dadnateamenugansoldenloaly
a d‘ 9 a ] I =) S 9 o ]
msnan lananaaeniueann sd1elsnadaadiutiosansonimwuIng wu'lylag
I 5 P 3’ @ J [}
uaz lag Taalmiwemuea F@aanlsimiadanan 1Ay Pachysolen tannophilus, Candida
ST A a dy o A
shehatae, P. stipitis, Hudaanannsaldleslaalumsnaaeniuea uenmilonndindofail
. . Y tg ) A a a
Brettanomyces clavispor, Schizosaccharomyces sp. uduy L‘B@ﬂﬁﬁﬂﬁﬁﬂiﬂ!ﬁ]iiglﬁﬂiﬁolu
loTaalddfe Candida sp.“luﬁumgﬁ Saccharomyces sp. Mg Schizosaccharomyces sp. Li]?i‘lﬂ@ﬂf
~ 2 9 o . Y A o oa
Moudmies (Prashant er al, 1993) myniinlalaalay Candida sp.azldndadusindu
’a o

lsanoauaznandunnaAAoeNIUDa (Prashant er al., 1993)

bl



iiesnndadurayila liawnsold s Taa ld laoasaudazaimnin ¥ lag Taa
Failu'le TswesiulaTaa lumsnTyveusedadn luamnsold lalaald Tasas niudedl
ms 1o laalleTaalo Tasmoisa (xylose isomerase) ¥2olumslaouly Taalwidu'leg Tas
S = o & Y 1 ¢ A o o4 o YA .
nndulsdmsninhaadgan  Wedaanawisoniinloglaa'lafe S.cerevisiae,
S. pombe (Prashant et al., 1993)

3) inmalausanlsa

d =2

o a < d A & A o & o
yInsanduToa Inugna lsawianinidunsognuiinlaoyoddd Feylasa

H H v
dulaugnanlsanwu ldlufisuazin Wuesdisznouiianuddaludnuasmmiaades
TumswingTasaazlionleddunesima (invertase) 1Hudalalas ladylasaldiiiunglna

S o o= Y Ay vq ¥ o .
sazdlgnTaa miudadteaunsaniniaai 1815 unsudnifueniuea Kiransree 1oy

AME (2000) 19 S.cerevisiae SV, Wag S. cerevisiae SV, WHaAOMUBANNY IATA 150 NSN/AAT

]
=t

NI 40 0B UYATYA WU S. cerevisiae SV, 1AL S. cerevisiae SV, ANMNTAHAAONIUD

E} LY

18 5208z 64 nSW/AAT Mudy

I a clsu

2 3 o %
vaalamdulaugaarlsdntdenfiduduaminlunszuiumsninlu
v A 9 Aa I a = IR A 9 a = A
avenewioudiyminmsnigsuiul)vesdadiding lduan Taaluglusgninsomauy
< 1 [y @ 1a [ 4 [y a
unud 1@ ualuilagiinlidenlFuaalaafludumasn iesninansaldudiymimsniy
g a ~ @ 1 4 ' < @
Sunulvedadld Tasldszuumsminuuudeiiomse fed-batch ag1alsnauluilagiiu
Faiim 3 14vauy (whey) datinan lamiuaiulsznoulumsnaa single cell protein (SCP)
an =& < YRl 4 | d’d o w 9 [
(@ule A3 1, 2544) Feazmu ldms vewdusmdtianudaganlumsadandnunag
wad laoi ldadinTagluanngi liliememz 1Huvasnsveulszanadosaz 10 luns
] S 1 A JA a A v ' P ]
afruwaa drudadnuigluaangitionma: lsunasmsveulszinudosas 50-55 lums
s o o a % & ' s A
a31uwad nszuaumsniinlagna l)denldas lulaesaiuuvasaisveuluaainind

01MANDUITE U (falcultative anaerobic condition)

A

a oy P 1 9 9 9 9 o a
wannnriavenimannanluiduudiamnsalyans lu'lawmsaviiadun

D.

a Y v 1 14 L4 ' Y o A a 1 o o %
Heul¥iuedranieunglaun uilsdnine uilsinfyivytiaaie uflaiudwazudlaiu

° @ A Yy 3 9 A 3 o A A o £ g A Y
d1lznds wiven ldwaad 1 Inaniowaasyisivaiduguanguioonlalas ladaqe
@ A Y Yo ~ ! dqu g '
nsadevransotou laiive 1% 1dng Taalugd a5y venviniidafiarsouqnldiunmds
J v A [} 3 Y S 2 a Y @ o a
amsuoulugaamnssumaniindniu waatwead Feiloulfiduduaainudnlumsnan
g Y sy ¥ 2 v 4 ' 2 9 ¢ do w =
Wos Tagldluglvesweadn ldonmasduead luszniawaadnuisdiigssenlaoazil

J o 1 ] IS 3’ an
msaueu lasdez luaasenin Mliudsdiugndesaasnaraiiiutihaa (@uls A5 1an,



& :‘ A Y 9 g 1 [~ & @
2544) Farhanan ldnnduead diulvaiiuuealad Fnnuansolumsninuealae
@ <3 1 @
YB3 baker’s yeast 1A brewer’s yeast 92130 I3 i mainng Ind
2.1.5.2 uriad lulasiou
o 4 a I 4 9 g’ Y] 4
waddadaz i luIasnwiuesrlsenevlssinudesas 8-10 vesrhviinwad
o 4 g a 4 1 a
urte Taem llBadannsoldlulasmuldnsluglvesweosasounsd laun nsaozdTu uag
TlsAuridaaieg enuilyan  wiyiad, 2544) anuvainvatsvesanslizneudunsd
] a A 1 J o %
Tulasiu wunsaozi Tuntogludaddna (yeast extract) #31l5znovuliUdre lulasousay
(total nitrogen;TN) $0002 9.8 1A amino nitrogen (AN) Fouaz 5.1 (Research International Crop.,
dy a A aaa = I A = 3
2004) wanntillIndnasu InsHauw vazelu luaisnldeTenduaunnudoanis
2 Aq v o vy sy oy
159113 lu Tasnuveusadoad 011519 lugadimnssumsnin wudueaandundn
v v [
MsnaNveInIAns il luzgndesaameniudivu lagdad dinsueimsiaousenlylusay
Y a va @ 9 1 a % = v A dy dy =y 4
woslianmsuedalann nsaezi Tunay Tninsou imenmswizideusedaduaz o1z
= l [} = [} I a a
w3oueg luglvealusauld wu ndu edrelsnawmsiaylnadu SaauTnsau uazss lotiu
[} [} & c?: £ [} a a L. = o v oA [} [}
pgnlavdnaniiaiugs limunzaulumsniyanTave S. cerevisice aau1amenugh 1l
us/’ A a < o
Saccharomyces sp.iuannsafivzldlse Toxinnnsaezi Tunazly Induravinadnld
a a o = o 1 1 A
Tinamskaneu lsiTdsaea (protease) Mmeluwadosnun diuuvaslulaswuainaisn
IS a = 1 = ~
Wuarsetiunidlaun uowTmile luasnuenluile o1 lfluzlvesuianioarsazais
= Yy v Y Vv a3 ' Y o o A
wonlutsanudndusovas 25 mslsuenTuiaduunasluTasnuszdessyiasy aluises
2 o A ~ = I A o
m3nusnp iesnnuen Tudleszmediiedsdounulunsuzussyitosnumsszmeonaznu
v v
aomsfianseuld (aula 3 1nn, 2544) uenainildaiinasuey Tuisuniiewinldod1aun

A = @ I 1 A a o 9 dy dy s (3
maauauimuﬂu%mwmﬂmmmmmiwuﬂuumﬂﬂuﬂmwmammaﬂammtmwmu U

' o IA v ~ a < o & A a Y A
Llﬁﬁﬂ’ﬂﬁ’i13“]5?]“’\]?]5‘1/]ﬂ@ﬂﬁﬂ?ﬂllmmgiﬁwﬂgﬂ fJﬁ‘TW]JNﬁ"HﬂWMﬁﬁWNWiﬂﬂﬁ]gmiﬂJqﬂﬂulﬂﬂ

bg

TwasnnlFduuraslulasmuuaausoiimnld dsz Tenllddosmirzanududuvo

< a I A Y A A '
Tulasou duivanuannsolumsdesaaanae lumingnldiluaieionsniez sz ning

o I Y o a o A a = Y a3 ' " & A
ﬁWﬂWu‘ﬁﬂﬁ@hlﬂ Gluvnu’fNLﬂfJ’JﬂL!LiJ’fJ‘Wmiﬂnmmi1%§LiEJLﬂume"luIWiﬁ]uW‘]J’JWL“])"E)EJTCTG]

d

9
a 1 [ Jd a
WA Basidiomycetous sp. dulvnjaziinmsadivoulaigSiod (urease) Hazi¥odadwiia

U

! Ay oy ¢ A Ao e Y 2y
Ascomycetous sp. 208 1unIn liadraon e g5od 1508aA Saccharomyces sp. v3 15815014
mfuueyTudisudanlaluanizidluTeaudedonlFgS oilunva s luTasnulunsdin 1y

3‘ Y ' J oy 4 = a 9 [ J
mmimadesiurasmsveumszmaihaadesii luTeaugs dmsylulndanaz luesy

9
150 S. cerevisiae Wanninldnduuvaslulasould



2.1.5.3 uriasvloaneda
Woaosainagluginsaiianaon eaTvatlauazWeama Unavleanosean
IunmassadizeglugieamamulavenTuionlalasnunoma Tnunaidonla
4 I~ Ao & 1 o a
TaTastnudeala osnneaamiusiaisuiludeszurumsninieniuea dad 14
@ o Ia 2 4
Woamlalunszurumsadrndenulugl ATP dunsizvinnd o Tdsau uazansougnelu
wad mauandveaeaaazi lfinaaniniwies (buffer) ¥re5nuiaies1inan nadin
¢ A g s o v R o & o w S A
wadvedgadnanemwayadszeeute aztiuearesavduiludmsusadaadanndl ms
= =2 I I a dgl ' o A a A v
vanilasuilszguedly Inwaraduvessadoadnatuluszniemasundosiiunidaama
uazWemlalumsdsgnoudunidun indeveaalssnovegluwadoadvz loglszina
:‘ o J % ] 1 i o
fooaz 3-5voniminwaduiedslaodulvaudivzeglugduesens InWodia
Y
v o a = IS 1
(orthophosphate) #1110 InWomua (1,P0,) azasazaroveanlaotiunidduiuunaq
Ao o dy dy G J
eamlandran lueisieuyodan
V' o '3
2.1.5.4 uriasarvles
9 Y] 4 = 14 ] 19 ¥ o @ [ 4 =
anudeamssamlasvosdaa lasdiulng lodmsumsdunsiziniadanin
a A o o '~ A o <3|
woansaezil luiiosdtszaouiudanles Tavia liwaddadidamlesiussdilszneon
v
Uszmnadooaz 0.4 vonihmninwadurs enwilyan wiyied, 2544) nsaeziiTumlsTetiu
:4 "o O - n ot o
(methionine) 1T unwasdamles Ndaaamsalylaa venaniiaadiamnsoldindodamald
a2 a <3| =) = o A = =~ A
Tagsaad lilun1s Toi luwad lugduen Tudlendamlaniisinignuas Toyyauen Tudionn
4 < 1 a @ a o
fadensalfifuundslulasou Tasdndlugaeunssudinizdudamlos 1dd10 (Rose and
Harison, 1975)
2.1.5.5 uraanssignaniy
[ A o o 1 a I S 1 A A £ & [ ~
uisgnNaNuINduaemMInI Yo usaadaarY nuntisey Fuiluuisigh
o 1 a Y s A A < J
uiludemsiyuaznszuaumsninueanssed lasoyyaveuuniiFeuilulaunnes
9
youon lassinaresialuia lnTnlada (glycolysis) dmiusiguaaBomiveyyavesiuiing
1 a { S J 7 1 @ 1A :‘ o
ABMINI Yo UFeTAALAz NI UIUMIHTNIEMUBAITUAY uaNaNuduTuveinIad

IS =)

o 3 ] 1w o
ﬁ\ulﬁ}ﬂgN@Hyjﬂm@\uluﬂul‘%ﬂﬂuaguﬂﬂl“?fﬂllﬂ']ﬂllllﬁwaﬁﬂﬂﬁﬁ1ﬂ15ﬁl|ﬂl@1/nu@ﬂ UINIINTD 6

A 1 Y Y v A A A Ao o w =) <Y 1 dy a A ] o
‘nﬂanmﬂnmuﬂaummuﬂauwm313J’mmyl,ma’dmmaamsm@;mmuiuﬂamm'ﬂ"lumﬂuﬂ

q

[

U HAD NoIA e dansd Hudu (Rose and Harrison, 1975)
2.1.5.6 QM1

I o oA a e . STy
S. cerevisiae Lﬂumﬂwuﬁmﬂnauqmwguﬂmﬂmq (mesophilic strain) NI
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a a S a

m3nsygegangurgil higunn maau Tavzngaasiguygi 0 osrusadod azguunin

a a 1} U
v '
a =2 A

c; d‘ a Y A = 1 dy a
mqwmmmmﬂ@"lm A9 5-10 DIAUBAUFY T ﬂ’ﬂiJ‘Vl‘L!G]?)?)illﬂﬂqu\ﬁ]ziﬂﬂ"UuLiJ’OWﬂm‘UTG]

K} U

$ d o [ a $ 1 % 1 a
Tuonisnuanuanysal dimsugunginmmnzademsvinazganimsiy Tallszainm 5-10

QU

P
a =2

PIAUFAIFOA (Rose and Harrison, 1975) maldaannzmsniinneludaniinez liguvgiigeiu

U

1 1 4 v
FUAAMINMTAMINSINUF NN oRsTURUFTAveIFUmaTN A Tugaa I

a o Jd

Foafiszuunaoduiioangaugiludunin (nnilyan wiwial, 2544)

2.1.5.7 ite¥ (pH)

oA S, cerevisiae annsoauTa'ldTio 2.4-8.6 Taedafieaiimng aumi
U 4.5 dmsumaniaemueannimalszansamee I doumnlaslug e 3.5-6.0
waznuhmsninenueannglasazianuldemsdeumiennnniims1¥ng Taa
Lﬁmmmau"lcnﬁ%um{ma(Invertase)mmmmia‘lumswﬁmamuaamam%@aﬂmgﬁ'@ﬁm

1A

~ o @ A I 1 a %

eyd1u1na wennnMsHinemueanm e iunsanTolszua 4.5 aduasumsnin
Y o A A Aa A Y] L A A

wanderIgann1sUuileuve uFenuanis ene19 U uuI9INE1501MITALNI 1ZTLLANIT 8
] a ydd' A 3 a [ 4 1A [ [

dannawnsafy Ta ldanamfiemiunats (nnilyan 95y ia, 2544) nagariiteydana

v b
éTammgmmfmﬁmfi’umsﬂﬁﬂllcﬂaﬁﬁ’am%ﬂaﬁc shehatae JUPITHAAUVUNE (Thomas,
o o g = o ' A ' ..
2000) Fmsuead P. tannophilus %’ﬂgﬂi%‘l’i’m 2.5-5.0 (Silinger et al., 1982)

2.1.5.8 9ONFBIIU

D.

iﬁ]wuad

sonduiminm fludsusianaseudigameluvaslgmneTle

1 o Y

4
(respiratory chain)u’e]ﬂi]1ﬂu§ﬂﬁmﬁ1ﬁlﬂuﬂﬂ%ﬂlﬁiuﬂiilﬂﬂiﬂ (growth factor) VDU

[}
L2}
Baq
RN
Lo

Merteanunszuiumsdunsizvnia ludubisudusunsaledonuaynialaludsni e
A da ' P 2 ' A Y a ' s A
daatinnunuaslomuea landu Taedudiulinamsvunieeniueassnvnaadiune
Y = o A o v s ° Y a ' P
tlinsa lviiulududr lumisaduinezi liifansvuaisieniueasennnaaduinly
Agaanududuveseniuealuyadivanas dmsuluanzivineendinudades la
[ L4 o 1A o = a 14 i
annsodunsizinsa luiuhiduda1d 3edesdimsiauasli1ddadamnsoogsonld ann
a o J
flygn wIyian, 2544)
& = o dy a = o A GG a
TuduaaumsnisuiiyeoandulaNudAyINLINNgaaNn A In

geluannzitiesndnuinauaiinalimsnineniueaanas oonFuaUasy pasteur effect

U

A o Y a o a d? 1 4 A Y J J :‘
‘VW]ﬂ‘ﬁﬂﬁﬂ’ﬂﬂ“mﬂ“])'l!ﬂQTﬂﬁlﬂﬂ"uuﬂmQﬁiJ‘]JuiilleziJﬂTiTCT'iNﬂﬁ‘]J’E)L!Ulﬂ’f]’f)ﬂ"lclfmmz’lﬂmﬂ

an . . . ' ' ' < S IP o
3 TCA (tricarboxylic acid cycle) taztizalgmsniela eg1elsnammsmelavesdadandagn

U

P v ¢ 2 A A o gya  du ~ o
ﬂ’JiJﬂiJﬂ’JfJﬂ’JmL"UiJ"leJ’eNﬂﬁTU"lamm“114?)11413!{68@1%@“15@1’11114ﬂﬁmfmﬂmmiﬁuﬂ
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= 9 = a = u’dy 9 ] A A
PMUDADUNITUMTANDINA Liﬂﬂﬂ’ﬂﬂamimu‘lﬂﬁmﬂ’ﬂﬂﬁﬂﬂ reverse- pasteur effect 59
A & a4 = I A '
counter-pasteur effect 30 crabtree effect FunailuguvuniaveslsingnmsainEenn
Y] a 1 . . a A dy dy = 9
glucose effectslui‘]%quuaﬁmmuﬂu catabolite repression TagiNalle01M151a89UT0UA T
9 2 o &£ A = Y 9 1y
Juveens 1y lawsagaluszaunilsne ngIaauazy lasananududuganindosas 0.02-0.1
v v v 2
Tagrhviin nuianududuveuhmaszdudinanmsmelesggniudiegiaguns siaud
= Y 3 A IS a = 9 A ° 'V 9
vwims eimendaun msmelaninaiiesiosas 5-10veaanzNng lagdinisesas 0.02
Tagthmiin (11303 Aunos, 2536)
J d
2.1.5.9 msveulaeenlan
J I [ 3 [ a ~ (3 A
asveu laeen lsatinadugsmsiuiimsiau Tnvesdaansluaneniivas
12 a { @ a J J a o Z
1T oondau NarmauDsseMannlsmavesmnsvou lavon ledgeazinamsiudinms
v
wuTanagmndnedigunssimissuieinasueulasen ladiinadudimsiiadaisuen
a o o ! ¢ 7 Ay Yo q ¥
Fradu wonnnidamuimsivoulaoon lualinadodouyaaildanuannsalumsvu
1 A a o d
moaslaouuadlyl ennilyan nIaiad, 2545)
2.1.5.10 ANMTNIHVBNINIMA
v o Ao Y v J 1
meldanzmsndnilanududuvenhmageamnsoaamstuilousin
4 v v v [ v Y
woou'lda uananududuveuhmangdinadudinmsiau Tauazmsudneniuea msduda
' £ a o A o 9 N I a a A Aa 9
dauntlaunaannuseaueed Indai ldwaddadnanard Tulagadodluomsniinnuduy
v Y Y v 9
fuveaimamnnidesay 14 Tagtihmmin dSmsuanududuveuihmanfudamsnindu

@ J 9 9

v Y
dnvazszdiaeiug Manududuveniamnadesas 14 Tagrimiinensnsvin

v v ¥ v
Sudurzanas uakamsduduilesninihmaanududugeezdesnineniuea uazwans

“ugwmﬁymmuagmmuaaﬁﬁﬂamﬁu%uqmﬂu{l%%ﬂfimﬁdqm?n‘lﬁﬁﬁﬂmiéTuéqumﬂéﬁu
(@303 Aumeq, 2536)

Thatipamala itazAME (1992) ANHIHAVEIANUYNTUVBITUAATNADHAMT
waaomuealunszuILMInT e MU 980150 5. cerevisiae WUTINITINY
anududuvesdummsasudulumsuinen 150 niw/aas (280 nfu/aasinlimaldves
ONTUBANINTUFINITAAADINN 0.45 NS UBNIUBA/NTUTUAIATN 11180 0.30 NTUOMIUDA/NTY
queaIn

2.1.5.11 ANUANIHVDBOMUDA

maay Tanazmaniinemueavousedanzgniudidioemusaiovay 1-2
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3’ v A o Y a a A = 9
Tagrimitin UwalimsauTaanas tazmaaulaazngalioNeniueaiosay 4.7-7.8 1ag
:‘ o 1o % 1 9 = 9 3’ v d‘d [} a F2
hmin uddensannsaniinde ldvuiedosay 14 Tasimin mshoad awisodulala

[~ PEY a Y A d =] 4 A A
LﬂuWﬂiﬂ@ﬂﬁTﬂ'ﬁWaﬂlﬂﬂ’]u’ﬂﬂaﬂﬁﬁﬂﬁ]ﬂ mmmmmmu@amammuVlmuuagﬁiimﬂwm

a a

s a o oa/‘ a o A a dg’ [
an (91397 aNNDN, 2536) msdudamsay Tanaznmswiin laglemusaitnadue1ndu

o

{ a P o
nansznuNnanuey lyiuoanoaaan la 1asdud (alcohol dehydrogenase) taztan 1as latua

=< g 4

4
(hexokinase) Bl uou 1o 1u3a glycolysis FvFuHado a3 TNV UTATIMTAIAUUATIU

9 J

' ~ ° ¥ A = a wa (A .
Tmemueaiinai Ifiveduaadidorronazliquantian/dsuulacly (Rose and Harrison,
1975)
Y 9 L) d
2.1.5.12 ANMANVUYD IT A A
Nishizawa tiazAz (1983) ANBINIHINENIUOAOEI1NADILDI IABNMIAILAN
ANMUNULLUYB AR THAIAT 85 NFW/AAT A28 hollow fibers NUIHWaT 18T INMTHER

PMIUOAGIA 27 NTU/AAT-92 113 Lee itaz Change (1997) AnBINMs niintomuea ludaniiniil

D.

v oA <

FEUDHYUAOUFAA (cell recycle) 1 1RAMUMULTUYBIFAATARNINATI40 nTW/AAT FHail

4 9 4
anunuiugagiiamsiudinnanlavazminaaeniuea midudeiiiusadau

v

4

o ] sa A 2 & Y v I P A o Y
Tﬂ8@]5Qﬂ‘]Jﬂ'JnJLGlIiJleuleﬂ\u“]fﬂﬁ‘V]LWiJleu “]Nﬂ'ﬂll!fllllallusllﬂﬁl“ﬁﬁﬂﬂﬁ@]q\i’q@ﬂﬂflﬂEJZW]'Hfalﬂ

'
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a @ [ a o w 1 I =1
maau Tanazngamsndniiani 225uaz 640 nsu/aas mud1ay og13 lsnaman1izinu
9 v
wuutuveuradgediralionsimMIminenueagaily ANANUHUIHUYDUFAAFID
9 2 1 9 4 4 = 9
Foalimsamassanuiounazaisuen laeen lodsiudennudeaniseinmataz a1381M13
A 2 v o Aq ¥ ' s =Y o =R = '
Ysamnnvn dauivlunszuiumsnldanuruinivveusadgavidesmiiladimsaiom
wasnuLazuaa sl udey
Y v
191591 mwgsTTL azauy (2545) Anmnlszanimumainiathsaaude
an o £ 9 d! 9 o o a [ o
Aunnlaedsmsndnuuunel§ermagalddminuuia 150 das Tagerdonszuaunsnin
v A v o A A d o A J o
wuv liseitielfivaaudouaunn 2 dszan Avthvaamdouguamilsznmiidiuay
:‘ [ A 1A Q' 9 a vAa = 9
Mdaamdsununnilszianuaaduaznau n1snaaedlureslfianis Tasiinis 14
1 Y] =\ % 4
S. cerevisiae 3159113 (lanou Tudlsuneamla) uazessvaam @y luaisue
WA) WamIANEINUING 1F S cerevisice 3MNUMI IFa1501vsuazasUSuaninlu
o 1 ] 2’ [ d’ Y ] a as a A 4
on31dIu 1:1:1 dnsndesaaerionamdonnunin1da lurieiiery 2.3-3.2 FFmaaudaa
a [ S o 19 oy a =y 5! 1 Aa A
asaauludnvuzvesdaanilag hidesazarein USunadadunanelszansnnluns
o @ 3‘ o A a =l S o w :‘ @ A ydd' A
Yimihveaudouaunm Usuadadnawisatiiaihiaaudouguninldanga fe 0.5

v v 1
nsuhminudeaelSinanhdaaudeugunin aas Wiominu0.5:1 nFw/aas Minadou
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a A

¥ v
Uszaniamvosdariinuuuna 1fo1me wuNseduanuanveuilnanelszansnnves

'
Y A = Y

Y [ [ Y '
msthiahdaaudeuaunnszauiamnsathiinidaamdoungunmlaaiganszay 80

a
v

v v )
wuAmas 11nAh dnsoidadlefveuiaaudonnuniniszinniiidi9in 144,670

@ a

laansu/ans anaunae 49,330 Naansw/@aas lasldszaninimdiniimsnadenlu
v v
Wouljiiamsdovas 8.671szinmidaauuasduaznaunin 148,670 Haansu/das auwde
44,670 Taaniw/ans Fedidszansnmgeniminadouluieliianmssesas 9.39
d
2.1.6 Uszlamivegtoniuea
v v v
uoaneaoanii 1wauiingy (fuel alcohol 30 denatured alcohol) H3 oM
~ ' z IS A a = a
Fondremueauiluieanssedninnuuignisesaz 95 uaz 99.5-99.6 Tasiiuas
1< 4 a @ Y
awnso lmiwdomwas3 glunudai
A I 4 a
LUDA 1 ten1ueaiesay 95 (hydrated ethanol 95) lHiuemaslasasa
9 Y 1 v
naunwihfwuudunazinivdwaldldsuniessudniisasdiunsoagedimiulu
A (= 9 a Q"QJ 3’ v A = 1A J
inJosgudasaaInIsolmeniueanigqnisesay 9swanluidudwasoniialsaod
(diesohol) ludasrduooaz 15uazimnasUsvlpnuautiaundlulSnuiosas 12
A a = a g’ o a %
uuu 2 1enueauianisevay 99.5TaslTinaswanluiwiuuugudgay
1 (24 o o @ oy @ a @ 1 @
5ond1 uda 1808 (gasohol) Taena 1) 1¥mausuifuugusaiaiudesas 10 ludnvae
' Y v v
wosasAutauiiodfulesmeenmuvenhuuugu Fsausathwn 1Fauiuniesoud
@ [} [ 4 4 1 1
Tagna'ly lidesdauaunTesouduaedis
A = A A v A % A
wuuN 3 JWuasaNyee NN (octane) HAIATBUA Tagmsn)asugiiom
I . .
uoau Ui ua13 ETBE (ethyl tertiary butyl ether) annsal¥naunuais MTBE (methyl tertiary
% I a 1 o w A o 4
butyl ether) ¥4 MTBE iluasiauuaslurhiuwuguivaredszmedsemeniulfifiesnn

1 Y Aa d' 1 a 1 A
neliinauan1dz lueimeanganiensauaaue

2.2 MSHAALAATINN
[ a dg‘ 1 a =4 9 a d‘
UAFFINMNATUIINNTZUIUMTERsaa1eaToUNs suuL 1T oondauTash
[ a o oA I J o [} 9 3 1] (2
unapININIziunalimu (CH,) iueeilszneuvdnegilszunasesas 50-80 veminiluuna
4 o a o a I Y [ c?: =3 o 9
msveulavenlad (Co,) naziiufa ms, N, H, Ysinanandes duiuieansaiwn iy
o Y o ™ a AdA A ° 1 P Y o A a
wasunaunula dagiiuassunsdntewinnmunszuaumsiudr ldunagdinimaein
= [} o o @ = I
d@onnlssnugaavnssy wulssnundaiudulzvd Tssnwdes Tssaumalinseiloaiu

9 oaz‘ 2‘ = J dy o @ 1 o Y1 A = 19
Au saunaindeniniisuaesdad 1nnszuIumsasnalimdleaanauinniiievas
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Y

' v Y Y
80 uaz lauRaF1nn 0.3 - 0.5 gaurad/Alansud Tedtigniiia Ml urgudnuzyei
v
doudazalszan uialimuiininnuiou 39.4 wnzya/gnuiadwes aunsaldnaunuiiniy
180,55 Ansgudeumwasan i 1.2-2.0 Aladadd Tus (duia #3oriud Inyad, 2549)
[ a =4 19 9 A a ] 9
na'lnmsgesaarearsaunsduvy lildermanseeondiauaiuisaniiala

v o

udJu 4 TunoU MU NUAIY ( Metcalf and Eddy, 1991)

Funouii 11 funse zuaums lalas lade (hydrolysis) Taverdeoulaxiiign
1 d = a =) ]
deoenuuenisad e dsuensdunsdTmanalng liduas Tuagadn

o 4 < ) ) ,

Yunoui 21 JunszuIUMIa1905A (acidogenesis) TABLUANIS va319n3A Fa

~ A A Aaaa a usj ~ I @ 1 .
wildsunanani IdanlgnsenlaTas lasaluduaeui 1 lhilunsaluiiuszimedie (volatile
fatty acid; VFA)
H | aa o
Fuseud 3iunszurumsatransaozdanainnsa lusiuseive (acetogenesis)
S A ' = a . . d‘ Y <3| a

Taguuniizonguoz® 1a19iin (acetogenic bacteria) vz1dounsaludiuszive liiflunanan
o W Y Y A Y 1 a Ia 9 4 4 [
dranlumsadraunaiimu ldun nsaezis@nnsaresin unanisuou lasenlad uazuna
laTlasau

33 y < . a A

Tunoun 4WJunTTUINMTAT193NY (methanogenesis) TAsHananh 1aa1n

9
1

a A Fj v A A I (A= A 2 Y =
LL‘]Jﬂ‘I/]LifJﬁiNﬂiﬂﬁluleu@@uﬂ 3Qﬂlﬂaﬂuulﬂlﬂuuﬂ’dlll‘l/luiﬂfJLL‘]Jﬂ‘V]LSEJﬂaiJﬁiNiJL“I/Iu

a

= 2

(methanogenic  bacteria) @auigeenldilu 2¥ila yilausnAouuaiSenadatmuain
4 4 . . 9 ' J
asveulaeenlad uazlalasiau (hydrogenotrophic  bacteria) Tag lduriasnisveauuIan
s g Y o a A A A A Y A
msveulaeen leduay ldndsnuannlalasnu vilanassneuuaiGenadalmuannniaey
aa . . % v v as <3| '
FAN (acetotrophic  bacteria) fﬁﬂ%’awmmmﬂumsumaﬂmauuazi%"laiﬂmmﬂmmm

@

waNmmmmimﬂmu”lwaﬂ”luiﬂmmﬁumﬂﬂﬂi:m"l Al

aunsonlildoondiau

o)

a J o ] [
A150UNTI + N +P > (¥aQ 113+ CO, + H,0 + CH,+ WA

nnnalnmsdosaatsarsounsduuy lildemeaia4 duaeu agillddnlu

nszurumsthiauuy bildeimaeidenmsiuvesuniise2 ngu Aenguilaiensauay

'
-

v
navRadtmu duinsssuludessnuianzinadeonlfinunzaunemiinus e

a

'

[l A A A 3 1 o A A [ =& = I = 1
ADLUBIVDIUUANLTYING 2NN mnmmwmmmummsﬂﬂquwmgﬂaﬂu"lﬂﬂ%mwammi

a [}

o A A A 1 d! a Y o 1 dd’
‘Vﬂ\ﬂl!LL‘]Jﬂ‘VILiﬂﬂﬂﬂquﬁ‘uﬂua$ﬂ§$ﬁ‘ﬂ‘ﬁﬂWWIﬂﬂi’JiJ"’Uﬂ\‘]ig‘]JUllﬂ AIDYNIFUNTIUNTSUY

Al A {

Yo A a a a A A a9y I A v
Ilﬂi‘]J’dﬁEﬂWﬁ‘Vii@ ﬂﬁﬁﬂﬂlﬁﬁ@u‘lﬂiEJLWiJalluiﬂﬂﬂ’JT]JﬂG] HUANTINANNA I NNTANISNUDAT
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a a d? = 9 a =4 a 1 A dg’ < 1 Y a A VoA
ﬂﬁﬁ]iimeTWq\i"lJl! iJm'iﬁ'iNﬂiﬂ?Ju‘VlifJLLﬁ%NﬁNﬁGW]N“’]LWEJ"’UHﬂ"WTCNNﬂiHLL‘]JﬂVIL gnqun

9 = &~ a a o 1 v 1 a AdA A &
ﬁiNllL‘VI‘H“INiJﬂ’NiJEﬂiﬂiﬂnluﬂW'5Li]iiUuLﬂUIﬂﬂWﬂ'ﬂthi‘ﬂiﬂ'iilﬂ?)ﬂﬁﬂmﬂiﬂﬂu‘ﬂiEJ‘VIL‘WZJ"’U

=

aQ

= = 1 v

Y o a a s 2 2 &9 Ao J A 1A
Vlﬂ‘lﬂuﬂi]%llﬂﬁll’]mﬂﬁﬂ@uﬂiﬂﬁ%ﬁlllWiJ‘Uu “ﬁﬂﬂ15$‘]J‘]Jllllllﬂ1a\ﬂJwW‘I@§LWfNWﬂﬂ1WL@"IfSUE]\1
v
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szuvufianasnaz linadudanmsniaauTavewuaiisonguiadatimusuerai1n
Uszaniamvesszuvanas niemsinuvesszuuduvan ldluiige (Fusia ASedud

lwyad, 2549)

Y d'd \ a A o Z’ S Y
2.2.1 ?l’ﬂ"I'JZ!!'Jﬂ%’l’e)N‘ﬂNN’Qﬂﬂﬂ‘i%’!,T‘Ylfﬁﬂ"l‘l/‘l“ll’f)ﬂ‘i%‘].l‘].l‘ﬂ"I‘Uﬂu"l!ﬂf]!!‘ﬂ‘ﬂll‘i’e)"lﬂ1ﬁ
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= a

A o g’ I 3 A o w g’ = =
L“LJ’EIQ%1ﬂ§$‘]J‘]J‘]JT]J§°1u1LﬁfJLL‘]J‘]J11§®1ﬂ1ﬁ°ﬁ§E)i%‘]J‘]J‘]JT]Jﬂu1LZ’fEJ1/IU],3J§Jﬂ15LGIM

a 4 1 o 1 [ a 4 1 1 1 [
’Eﬂﬂ?ﬁ‘ﬂ%ﬂﬁgﬂﬂﬂﬁjﬁﬂﬂauﬂgﬂﬂa1ﬂﬂ'@u“ﬂ%ﬂu3'JiJﬂ'L! ‘Qﬁu“l/l?EJl,mﬂgf]f]ll‘DZfIﬂ'ﬂiJLWIﬂﬂNﬂu

@

T lumsdrssiianazinnudesmsannzedeuiuanaisiulumsniayaula midoo

v
A a 1

a J 3 a 43 1 a a
AA18H15OUNTITINNINMIHAAUNTTININ ﬁmammé’oummﬂmmwam Uszansmnms

@
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Mauvesszuviniaindetazlszansamlumsiniasindeuuu 1 Sometisad

2.2.1.1 qamgﬁ (temperature)

wnYuNINTNasd 1IN MIIFINvoLUANG 8 Tuss IV IdY

A3

~

9
Aad 1 [ o an [~ 1 = Yo A
Tnuana1anulumsdsasia f‘ﬂiﬂimm\uﬂUﬂQZJGUﬂ\‘]LLUﬂ‘VIL ﬂhlﬂ JU

TagszALUNY
1) psychrophilic range 'ﬁﬁﬁ’sqqmwgﬁ 5-15 aeruFaIFUe
2) mesophilic range  N¥MQUUYN  35-37 pIfKALTYM
3) thermophilic range ’fl"]hﬂ’qmﬁgﬁ 50-55 IR BT

Taoa Tudr9aun3dlungu mesophilic bacteria vz uiitlon1Funiigalu

o w g’ I 9 ll ns/l a A
szuvihtaiude laommzUszmalunavioury ﬂi%tﬂﬁqﬂﬂ saundszmalutoueson

9 1
o =

gangiindumaglusssunaluaazlnalssuna 25-30 oarusasee nazgurgilung

E}

a o o :‘ i l § ) [
Ufnseivesszuvihiaindeszoglurie 3537 oswaden Funnzdmsunuaiiselu

a (% llaaa

! J . ! o o
g mesophilic bacteria Iag lufinnusuilulumsaiugugungiivesinlisemiesz vy

LY

Y [ Y
e daniudenfigurglganiedesnisniugugurgivesindelngeeivazdoudon

K} U

1 v 2
nuANFelungu thermophilic bacteria Na313013 Y TUFIQUNYN 50-55 DIA U AT 1191

A g

v Y
medosmaunlszansamlumsitavesszumitiainge Tasdiulvglszansnimms

o A a o a ~

E4 I
1iaf 55 eeruraFod azgeiu 1 hduefeiuguygil 37 osfuvaifed (Gray, 1981)

K} LY
Y ' k4

atlamadenaruguszuuihiaindenguugiiluralaiunrsnnsan

1 a

] £ v
mmnzanlunaiendu sansarugugurgivesszuuiiaiudens19gunnil mesophilic

a U

|

bacteria 1182 thermophilic bacteria tManzAuammgiomenogluuaiowiudiulug odrels
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< 7 = a o w 3} a g 1
aaululsgmavarundnezidymlumsaivguaangivesssuuiiniaiudaiuegi
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= Y a

S Ao = = o & a o oA
wnlagmmzluggrunniiguugidwndadianuiuiunazdeunugunglvenindenae
Y 1
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2.2.1.6 @15NY (toxic substances)
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Tablel.Factors effected to the growth of microorganism in anaerobic wastewater treatment system

Toxics Toxic concentration Toxics Toxic concentration
(mg/l) (mg/1))
Cu 1.0 Na' 3,500.0
Zn 5.0 K 2,500.0
cr’ 5.0 Ca” 2,500.0
Averylonitrite 5.0 Mg~ 1,000.0
Cyanide 1.0 Chioride 15,000.0
Total chromium 5.0 Benzene 50.0
Ni 2.0 CcCl, 10.0
Cd 0.02 Ammonia 1,500.0
Pentachlorophenol 0.4 so” 4 500.0
Chloroform 0.1 cr’ 2,000.0
Chloroform 0.1 s” 100.0
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Figure 4. An anaerobic fluidized bed reactor
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Table 2. Comparison of input and output of various wastewater treatment systems

Wastewater treatment system

Parameters
AC AFB UASB AF

Hydraulic retention time (HRT) Low Very low Verylow Very low
Organic loading rate ( kgCOD/mS.d ) 2-10 1-30 5-30 0.5-40
Organic removal (%) 60-90 60-90 60-90 60-90
Energy (MJ/m’) 26 1-29 0.1 0.1
Stability middle high high high
Operation cost high low low low
Easy to operated high low low low
Cost high high high high
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Table 3. List of sources of wastewater suited for anaerobic wastewater treatments

Source of Quantity COD removal Biogas production
wastewater (m3/d/ ton of cop (%) (m3 /m’ wastewater )
(mg/1)

(industry) product)
Coconut milk 2.5 12,250 85 3.12
Canned fruits 6-7 7,500 70-90 1.25-2.5
Cassava starch 10 22,500 90 4.75-7.50
Frozen seafood 15 4,970 85 0.5-1.50
glutamate 10.5 20,910 85 7.10
Palm oil 1.5-3 86,530 90 12-20
Rice starch 2-3 4,560 85 1.75-3.0
vermicelli 45.45 10,260 85 34
Beer 15-18 3,200 90-95 2.5-3.0
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Figure 5. A modified gasoline engine operated by biogas
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Figure 6. A modified diesel engine operated by biogas
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Figure 7. A generator with a capacity 500-1,000 kW operated by biogas
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111191464 Table 4

Table 4. Equilibrium of 1 m’ of biogas to the other energy sources

Energy source Quantity Unit
LPG 0.46 Kg.
diesel 0.60 L.

Heavy oil 0.55 L.
Electricity 1.20 kW.hour
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4.4 yamilogiiugn3 (Net Present Value: NPV)
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Figure 8. Two stage anaerobic wastewater treatment system, consist of anaerobic acid and UASB

reactor with use for biogas production in laboratory
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Figure 10. Carbonated beverage storage tank
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Figure 11. Quantity of rejected products from a carbonated beverage factory in 2007.
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Table 6. Quantity of waste syrup from processing lines in a carbonated beverage factory.

Quantity (Liters/day)
Type of waste syrup Source of waste syrup
Before filling After filling
1. Concentrated syrup Mixing tank 12.0 8.0
Post mixed line 4.5 6.0
PET line 4.0 18.5
Line No. 3 1.0 -
Line No. 4 2.0 35.0
Total 91 Liters 23.5 67.5
2.Finish syrup PET line - 141.5
Line No. 3 52.0 72.0
Line No. 4 168.0 195.0

Total 628.5 Liters 220.0 408.5
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Table 7. Characteristics of waste syrup from a carbonated beverage factory

Parameters Valume
pH 3.25+0.017
COD 152,525 +4.25 mg/l
BOD 25,180 £3.24 mg/l
TS 135,250 +2.24 mg/1
SS 1.67 £ 0.01 mg/1
TKN 4.15+0.72 mg/l
TP 12.20 + 1.01 mg/1
Acidity 1,258.23 +4.17 mg/I

Sweetness 13.5+£0.01 brix
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Figure 12. Effect of OLR of 15, 20 and 30 kgCOD/m3.d on VFA production in the anaerobic

acid reactor fed by waste syrup from a carbonated beverage factory.
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Figure 13. Effect of HRT of 8, 6 and 4 hrs on VFA production in the anaerobic acid reactor

fed by waste syrup from a carbonated beverage factory.
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Figure 16. Effect of OLR of 15, 20 and 30 kgCOD/m3.d on COD removal in the anaerobic acid

reactor fed by waste syrup from a carbonated beverage factory.
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Figure 17. Effect of OLR of 15, 20 and 30 kgCOD/m3.d on TS removal in the anaerobic acid

reactor fed by waste syrup from a carbonated beverage factory.
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Figure 19. Effect of OLR of 15, 20 and 30 kgCOD/m3.d on biogas composition in the anaerobic

acid reactor fed by waste syrup from a carbonated beverage factory.
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Table 8. Effect of OLR of 15, 20 and 30 kgCOD/m3.d on parameters in the anaerobic acid reactor

at steady state condition.

OLR (kgCOD/m’.d)
Parameters

15 20 30
HRT (hrs) 8 6 4
pH 6.0 5.01 3.58
VFA (mg/1) 1,369.24 1,580.44 1,169.56
alkalinity (mg/1) 923.33 643.00 535.33
COD removal (%) 27.20 22.40 18.50
TS removal (%) 30.40 34.42 42.16

Biogas production (Liters/day) 7.10 7.31 6.90
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Figure 20. Effect of HRT of 48, 36, 24, 12 and 6 hrs on biogas production in the methane

production reactor fed by waste syrup from a carbonated beverage factory.
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Figure 21. Effect of OLR 0f 1.9, 2.6, 3.9 and 7.8 kgCOD/m3.d on biogas production in the

methane production reactor fed by waste syrup from a carbonated beverage factory.
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Figure 23. Effect of OLR of 1.9, 2.6, 3.9 and 7.8 kgCOD/m3.d on TS removal in the methane
production reactor which operated by waste syrup from a carbonated beverage factory

under steady state condition.
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Figure 24. Effect of OLR of 1.9, 2.6, 3.9 and 7.8 kgCOD/m3.d on COD removal in the methane

production reactor fed by waste syrup from a carbonated beverage factory.
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Table 9. Effect of OLR of 1.9, 2.6, 3.9 and 7.8 kgCOD/m3.d on parameters in the methane

production reactor fed by waste syrup from a carbonated beverage factory under steady

state condition.

OLR (kgCOD/m’.d)
Parameters

1.9 2.6 39 7.8
HRT (hrs) 48 36 24 12
pH 7.11 7.02 6.95 6.84
COD (%) 91.47 9477  84.18  76.40
TS (%) 97.06 99.08 90.24  82.71
Biogas production (liters/day) 8.11 12.58 9.20 5.80
Methane production rate 0.88 1.70 1.45 1.07

(liter methane/gCOD removed)
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Table 10. Amount of biogas production from 1m’ of difference sources of wastewater.

Source of wastewater COD (mg/1) Biogas production (m3)
Slaughterhouse 1,970 0.7
Rice starch 4,560 2.4
Cassava starch 22,500 7
Palm oil 86,530 15
Waste syrup 152,525 37.7
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condition for 48 hrs by S. cerevisiae TISTR 5055.
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Table 11.Comparison of the ethanol production using the medium I and Il by S. cerevisiae

TISTR 5055 under aseptic condition.

Parameters Medium I Medium II

Nutrients

(NH,),SO, (gD 1.0 0.1

KH,PO, (/) 1.0 0.5

MgSO,+7H,0 (g/l) 5.0 0.5

yeast extract  (g/1) 4.0 1.0
Ethanol production (g/1) 5.33 4.12
Fermenting times (hrs) 18 18
Ethanol yield (g of ethanol/g of substrate) 0.27 0.21

COD removal (%) 82 83
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Figure 30. An upflow anaerobic sludge blanket (UASB) reactor used for methane production.
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Table 12. Cost of infrastructure development for biogas production from waste syrup from

a carbonated beverage factory project.

Machine and equipment Cost/unit (baht) Quantity Total

1. Biogas storage tank and controller 350,000.00 1 350,000.00

2. Water pump 1 hp 15,000.00 3 45,000.00

3. Agitator 1 hp 15,000.00 1 15,000.00

4. Water pipe and controller system 50,000.00 1 50,000.00

5. Electricity and controller system 50,000.00 1 50,000.00
Total 510,000.00
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Table 13. Structure cost for biogas production from waste syrup collected from a carbonated

beverage factory project

Item Cost/unit (baht) Quantity Total (baht)
Adjustment area 100.00 225m’ 22,500.00
Structure and equipments 675,000.00 1 675,000.00
Installation cost 10 % - - 67,500.00

Total 765,000.00
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Table 14. Working capital in the 1" year for biogas production from waste syrup collected from a

carbonated beverage factory project.

Operation cost in the 1" year Total (bahts)

1. Urea fertilizer 10,260.00
2. Calcium carbonate 36,000.00
3. Electricity cost 56,700.00
4. Water cost 217.50
Total cost in the 1" yaer 103,177.50

Working capital for 1 month 8,598.50
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Table 15. Electricity cost used for wastewater treatment system in January-May 2009
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Energy for Wastewater Electricity cost
Quantity of wastewater
month s wastewater COD (mg/l) OLR (kgCOD/month) treatment cost per unit
(m /month)
treatment (KW.h) (baht/month) (baht/kgCOD)
January 27,721.0 49,140.0 1,840.0 51,006.6 171,990.0 3.37
Febuary 31,196.0 40,710.0 2,205.0 68787.2 142,485.0 2.07
March 45,726.0 30,360.0 867.0 39,644.4 106,260.0 2.68
April 22,737.0 44,856.0 1,510.0 34,332.9 156,996.0 4.57
May 16,591.0 47,586.0 1,526.0 25,317.9 166,551.0 6.58
average 28,794.2 42,530.0 1,589.6 43,817.8 148,856.4 3.40
A0 ¢ uEUAFUNAdoN USENANNG Sivaumyy
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Table 16. Income statement for 10 years project period of biogas production from waste syrup collected from a carbonated beverage factory project

Income statement until 1 — 10 year

order list
1 2 3 4 5 6 7 8 9 10

1 income 762,195.00 762,195.00 762,195.00 762,195.00 762,195.00 762,195.00 762,195.00 762,195.00 762,195.00 762,195.00
2 Variable cost 103,177.50 103,177.50 103,177.50 103,177.50 103,177.50 103,177.50 103,177.50 103,177.50 103,177.50 103,177.50
3 profit (loss) (1-2) 659,017.50 659,017.50 659,017.50 659,017.50 659,017.50 659,017.50 659,017.50 659,017.50 659,017.50 659,017.50
4 Fixed cost 60,000.00 60,000.00 60,000.00 60,000.00 60,000.00 60,000.00 60,000.00 60,000.00 60,000.00 60,000.00
5 profit (loss) (3-4) 599,017.50 599,017.50 599,017.50 599,017.50 599,017.50 599,017.50 599,017.50 599,017.50 599,017.50 599,017.50
6 Depreciation 89,250.00 89,250.00 89,250.00 89,250.00 89,250.00 89,250.00 89,250.00 89,250.00 89,250.00 89,250.00
7 interest 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
8 Earning before 509,767.50 509,767.50 509,767.50 509,767.50 509,767.50 509,767.50 509,767.50 509,767.50 509,767.50 509,767.50

interest and tax

(5-6-7)
9 Income tax 15% 76,465.15 76,465.15 76,465.15 76,465.15 76,465.15 76,465.15 76,465.15 76,465.15 76,465.15 76,465.15
10 Net profit (8-9) 433,302.35 433,302.35 433,302.35 433,302.35 433,302.35 433,302.35 433,302.35 433,302.35 433,302.35 433,302.35
11 Accumulated profit 433,302.35 866,604.70  1,299,907.05 1,733,209.40 2,166,511.75 2,599,814.10 3,033,116.45 3,466,418.80 3,899,721.15 4,333,302.50
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Table 17. IRR and NPV for 10 years project of the biogas production from waste syrup collected from a carbonated beverage factory project (PWF for NPV 8 %)

year cash Value remains Cash flows PWF 8% PV IRR (%) NPV (bahts)
0 Investment Cost -1,283,598.50 1.000 -1,283,598.50
1 522,552.35 1,172,250.15 522,552.35 0.9259 483,831.22
2 522,552.35 1,084,500.30 522,552.35 0.8573 447,984.13
3 522,552.35 996,750.45 522,552.35 0.7938 414,802.06
4 522,552.35 909,000.60 522,552.35 0.7350 384,075.98
5 522,552.35 821,250.75 522,552.35 0.6806 355,649.13
6 522,552.35 733,500.90 522,552.35 0.6302 329,312.49
7 522,552.35 645,751.05 522,552.35 0.5835 304,909.30
8 522,552.35 558,001.20 522,552.35 0.5403 282,335.03
9 522,552.35 470,251.35 522,552.35 0.5002 261,380.69
10 522,552.35 382,501.50 905,053.85 0.4632 419,220.94
3,683,500.96 40.18 2,399,901.50
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Table 18 Pay back period of biogas production from waste syrup collected from a carbonated beverage factory project

order list 1 2 3 4 5 6 7 8 9 10
1 Net profit 433,302.35 433,302.35 433,302.35 433,302.35 433,302.35 433,302.35 433,302.35 433,302.35 433,302.35 433,302.35
2 Depreciation 89,250.00 89,250.00 89,250.00 89,250.00 89,250.00 89,250.00 89,250.00 89,250.00 89,250.00 89,250.00
3 loans 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4 cash (1+2+3) 522,552.35 522,552.35 522,552.35 522,552.35 522,552.35 522,552.35 522,552.35 522,552.35 522,552.35 522,552.35
5 Retained cash 522,552.35 1,045,104.70 1,567,657.05 2,090,209.40 2,612,761.75 3,135,314.10 3,657,866.45 4,180,418.80 4,702,971.15 5,225,523.50

6 Investment cost 1,283,598.50  1,283,598.50 1,283,598.50 1,283,598.50 1,283,598.50 1,283,598.50 1,283,598.50 1,283,598.50 1,283,598.50 1,283,598.50

Not pay Not pay Pay back Pay back Pay back Pay back Pay back Pay back Pay back Pay back

Y
nﬂznmﬁunu = Nuamuﬂﬁ"msn/ nszUARUdaAnY

1,283,598.50/ 522,552.35
2.46 1

Y
[

WinszeznamAuUYed IasImMs(IuaasuazaulaumiuRtuasmu a. 5uTasams) o 21 6 @
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Table 19. Cost — benefit ratio of the biogas production from waste syrup collected from a carbonated beverage factory project

year Investment cost Depreciation Operation cost Total cost Total benefit PWF (8,10) PV of cost PV of benefit
1 1,283,598.50 89,250.00 163,177.00 1,536,025.50 762,195.00 0.9259 1,422,206.01 705716.35
2 89,250.00 162,959.00 252,209 762,195.00 0.8573 216,218.78 653,429.77
3 89,250.00 162,959.00 252,209 762,195.00 0.7938 200,203.50 605,030.39
4 89,250.00 162,959.00 252,209 762,195.00 0.7350 185,373.62 560,213.33
5 89,250.00 162,959.00 252,209 762,195.00 0.6806 171,653.45 518,749.92
6 89,250.00 162,959.00 252,209 762,195.00 0.6302 158,942.11 480,335.29
7 89,250.00 162,959.00 252,209 762,195.00 0.5835 147,163.95 444,740.78
8 89,250.00 162,959.00 252,209 762,195.00 0.5403 136,268.52 411,813.96
9 89,250.00 162,959.00 252,209 762,195.00 0.5002 126,154.94 381,249.94
10 89,250.00 162,959.00 252,209 762,195.00 0.4632 116,823.21 353,048.72
Total 1,283,598.50 892,500.00 1,629,812.50 3,805,906.50 7,621,950.00 2,881,008.09 5,114,328.45

8ATIEIUNANDLUNL/AUNY

yamilvgiuveswaneuunu Aamilagiuvesa l9ee

5,114,328.45/2,881,008.09

1.8
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Figure 31. Schematic plan for the ethanol production for a plant fed with waste syrup collected from a carbonated beverage factory



&3

WamSuReans i, Ty
. n3eaihsen
mslvamm } — -
T190INT | FTFETa- T
A
|
_:_ <
' |
= |
|
I £ )
| A
I____.________, A A
Wetlan
oiin o v o & .
SalSvamn dshieuvuusuan
= v
wasuanuseu
o I3
day
yoanedea
AN /7
Y--r—- (
| |
| |
™ 1m | 15m
| |
wieszme 1 N |
TR //_ \\
NN -
; onzneu
YeAnAzneu

Figure 32. Top view of the ethanol production plant fed with waste syrup collected from a carbonated beverage factory
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Table 20. Machine and equipment cost for the ethanol production plant fed with waste syrup

collected from a carbonated beverage factory project.

Machine and equipment Cost per unit (baht) Quantity  Total (baht)
1. Distillation tower 250,000.00 2 500,000.00
2. Water pump 1 hp 15,000.00 9 135,000.00
3. Agitator 1 hp 15,000.00 3 45,000.00
4. Heater 10,000 W 10,000.00 1 10,000.00
5. Heat exchanger 100,000.00 1 100,000.00
6. Water pipe system and controller 70,000.00 1 70,000.00
7. Electricity system and controller 100,000.00 1 100,000.00
Total 960,000.00
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Table 21. Cost for infrastructure for the ethanol production fed with waste syrup collected from a

carbonated beverage factory project.

Item Cost per unit (baht) Quantity Total (baht)
Adjustment area 100.00 50 m’ 5,000.00
Structure and equipments 450,000.00 1 450,000.00
Installation cost 10% 45,000.00
total 500,000.00

d
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Table 22. Working capital in the 1" year for the ethanol production fed with waste syrup collected

from a carbonated beverage factory project with media I and II

Operation cost in the 1 year Media I (baht) Media II (baht)
1. (NH,),SOq4 399,000.00 39,900.00
2. KH2PO4 1,111,500.00 555,750.00
3. MgSO,.7H,0 3,135,000.00 313,500.00
4. Yeast extract 19,380,000.00 4,845,000.00
5. electricity cost 85,050.00 85,050.00
6. water cost 12,000.00 12,000.00
Total cost in the 1" yaer 24,122,550.00 5,851,200.00
Working capital for 1 month 2,010,212.50 487,600.00
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Table 23. Income statement for 10 years project period of ethanol production with waste syrup collected from a carbonated beverage factory project (medial)

Income statement until 1 — 10 year

order list
1 2 3 4 5 6 7 8 9 10
1 income 903,420.00 903,420.00 903,420.00 903,420.00 903,420.00 903,420.00 903,420.00 903,420.00 903,420.00 903,420.00
2 Variable cost 24,122,550.0 24,122,550.0 24,122,550.0 24,122,550.0 24,122,550.0 24,122,550.0 24,122,550.0 24,122,550.0 24,122,550.0 24,122,550.0
3 proﬁt (loss) (1-2) -23,219,130 -23,219,130 -23,219,130 - 23,219,130 - 23,219,130 - 23,219,130 - 23,219,130 - 23,219,130 -23,219,130 -23,219,130
4 Fixed cost 60,000.00 60,000.00 60,000.00 60,000.00 60,000.00 60,000.00 60,000.00 60,000.00 60,000.00 60,000.00
5 profit (loss) (3-4) -23,279,130 -23,279,130 -23,279,130 -23,279,130 -23,279,130 -23,279,130 -23,279,130 -23,279,130 -23,279,130 -23,279,130
6 Depreciation 121,000.00 121,000.00 121,000.00 121,000.00 121,000.00 121,000.00 121,000.00 121,000.00 121,000.00 121,000.00
7 interest 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
8 Earning before -23,400,130 -23,400,130 -23,400,130 -23,400,130 23,400,130 23,400,130 23,400,130 23,400,130 -23,400,130 -23,400,130
interest and tax
(5-6-7)
9 Income tax 15% 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
10 Net profit (8-9) -23,400,130 -23,400,130 -23,400,130 -23,400,130 23,400,130 23,400,130 23,400,130 23,400,130 -23,400,130 -23,400,130
11 Accumulated profit -23,400,130 -46,800,260 -70,200,390 -93,600,520 -117,000,650 -140,400,780 -163,800,910 -187,201,040 -210,601,170 -234,001,300
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Table 24. Income statement for 10 years project period of ethanol production with waste syrup collected from a carbonated beverage factory project (media IT)

Income statement until 1 — 10 year

order list
1 2 3 4 5 6 7 8 9 10

1 income 830,721.30 830,721.30 830,721.30 830,721.30 830,721.30 830,721.30 830,721.30 830,721.30 830,721.30 830,721.30
2 Variable cost 5,851,200.00 5,851,200.00 5,851,200.00 5,851,200.00 5,851,200.00 5,851,200.00 5,851,200.00 5,851,200.00 5,851,200.00 5,851,200.00
3 profit (loss) (1-2) -5,020,478 -5,020,478 -5,020,478 -5,020,478 -5,020,478 -5,020,478 -5,020,478 -5,020,478 -5,020,478 -5,020,478
4 Fixed cost 60,000.00 60,000.00 60,000.00 60,000.00 60,000.00 60,000.00 60,000.00 60,000.00 60,000.00 60,000.00
5 profit (loss) (3-4) -5,080,478 -5,080,478 -5,080,478 -5,080,478 -5,080,478 -5,080,478 -5,080,478 -5,080,478 -5,080,478 -5,080,478
6 Depreciation 120,999.85 120,999.85 120,999.85 120,999.85 120,999.85 120,999.85 120,999.85 120,999.85 120,999.85 120,999.85
7 interest 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
8 Eaming before -5,201,487.5 -5,201,487.5 -5,201,487.5 -5,201,487.5 -5,201,487.5 -5,201,487.5 -5,201,487.5 -5,201,487.5 -5,201,487.5 -5,201,487.5

interest and tax

(5-6-7)
9 Income tax 15% 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
10 Net profit (8-9) -5,201,487.5 -5,201,487.5 -5,201,487.5 -5,201,487.5 -5,201,487.5 -5,201,487.5 -5,201,487.5 -5,201,487.5 -5,201,487.5 -5,201,487.5
11 Accumulated profit -5,201,487.5 | -10,402,957.10 | -15,604,435.65 | -20,805,914.20 | -26,007,392.75 | -31,208,871.30 | -36,410,349.85 | -41,611,828.40 | -46,813,306.95 | -52,014,785.50
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Table 25. Comparison of economic analysis for biogas and ethanol production fed with waste

syrup collected from a carbonated beverage factory project.

Criteria Biogas production Ethanol production
1.MARR 16.15 16.15%
2.IRR 40.18 -
3.NPV 2,399,901bahts Negative cash flows
4. pay back period 2.46 years -

5.B/C ratio 1.8 -
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LEA9A4 Table 26 LA 27

Table 26. Cost for infrastructure for the biogas production fed with waste syrup for Haadthip

Company.
List Cost/unit (baht)  Quantity Total (baht)
Restructuring 50,000.00 1 50,000.00
Adjustment area 50,000.00 1 50,000.00
To add structure 150,000.00 1 150,000.00

Total 250,000.00
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Table 27. Machine and equipment cost for the biogas production fed with waste syrup collected

from a carbonated beverage factory project for Haadthip company.

Machine and equipment Cost per unit (baht) Quantity  Total (baht)

1. Biogas storage tank and controller 150,000.00 1 165,000.00
2. Water pump 1 hp 15,000.00 2 30,000.00
3. Agitator 1 hp 15,000.00 1 15,000.00
4. Water pipe and controller system 30,000.00 1 30,000.00
5. Electricity and controller system 50,000.00 1 50,000.00

Total 290,000.00
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Table 28. Working capital in the 1" year for biogas production fed with waste syrup collected from

a carbonated beverage factory project for Haadthip company.

Operation cost in the 1" year Total (bahts)
1. Urea fertilizer 10,260.00
2. Calcium carbonate 36,000.00
3. Electricity cost 56,700.00
4. Water cost 45,675.00
Total cost in the 1" yaer 148,635.00

Working capital for 1 month 12,386.25
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Figure 33. A biogas production plant modified from the existing wastewater treatment system of Haadthip Company
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Table 29. Income statement for 10 years project period of the biogas production fed with waste syrup collected from a carbonated beverage factory project for

Haadthip Company
Income statement until 1 — 10 year
order list
1 2 3 4 5 6 7 8 9 10

1 income 750,195.00  750,195.00 750,195.00 750,195.00 750,195.00 750,195.00 750,195.00 750,195.00 750,195.00 750,195.00
2 Variable cost 148,635.00 148,635.00 148,635.00 148,635.00 148,635.00 148,635.00 148,635.00 148,635.00 148,635.00 148,635.00
3 profit (loss) (1-2) 601,560.00  601,560.00 601,560.00 601,560.00 601,560.00 601,560.00 601,560.00 601,560.00 601,560.00 601,560.00
4 Fixed cost 60,000.00 60,000.00 60,000.00 60,000.00 60,000.00 60,000.00 60,000.00 60,000.00 60,000.00 60,000.00
5 profit (loss) (3-4) 541,560.00  541,560.00 541,560.00 541,560.00 541,560.00 541,560.00 541,560.00 541,560.00 541,560.00 541,560.00
6 Depreciation 40,000.00 40,000.00 40,000.00 40,000.00 40,000.00 40,000.00 40,000.00 40,000.00 40,000.00 40,000.00
7 interest 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
8 Earning before 501,560.00  501,560.00 501,560.00 501,560.00 501,560.00 501,560.00 501,560.00 501,560.00 501,560.00 501,560.00

interest and tax

(5-6-7)
9 Income tax 15% 75,234.02 75,234.02 75,234.02 75,234.02 75,234.02 75,234.02 75,234.02 75,234.02 75,234.02 75,234.02
10 Net profit (8-9) 426,325.98  426,325.98 426,325.98 426,325.98 426,325.98 426,325.98 426,325.98 426,325.98 426,325.98 426,325.98
11 Accumulated profit 426,325.98 852,651.96 1,278,977.94 1,705,303.92 2,131,629.90 2,557,955.88 2,984,281.86 3,410,607.84 3,836,933.82 4,263,259.80
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Table 30. IRR and NPV for 10 years project period of the biogas production fed with waste syrup collected from a carbonated beverage factory project

(PWF for NPV 8 %) for Haadthip Company

year cash Value remains Cash flows PWF 8% PV IRR (%) NPV (bahts)
0 Investment cost -537,386.23 1.000 -537,386.23
1 466,325.98 485,000.15 466,325.98 0.9259 431,771.22
2 466,325.98 445,000.30 466,325.98 0.8573 399,781.26
3 466,325.98 405,000.45 466,325.98 0.7938 370,169.56
4 466,325.98 365,000.60 466,325.98 0.7350 342,749.60
5 466,325.98 325,000.75 466,325.98 0.6806 317,381.46
6 466,325.98 285,000.90 466,325.98 0.6302 293,878.63
7 466,325.98 245,001.05 466,325.98 0.5835 272,101.21
8 466,325.98 205,001.20 466,325.98 0.5403 251,955.93
9 466,325.98 165,001.35 466,325.98 0.5002 233,256.26
10 466,325.98 125,001.50 591,327.48 0.4632 273,902.89

3,186,985.15 86.65 2,649,598.92
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Table 31. Pay back period of the biogas production fed with waste syrup collected from a carbonated beverage factory project for Haadthip Company

order list 1 2 3 4 5 6 7 8 9 10
1 Net profit 426,325.98 426,325.98 426,325.98 426,325.98 426,325.98 426,325.98 426,325.98 426,325.98 426,325.98 426,325.98
2 Depreciation 40,000.00 40,000.00 40,000.00 40,000.00 40,000.00 40,000.00 40,000.00 40,000.00 40,000.00 40,000.00
3 loans 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4 cash (14+2+3) 466,326.13 466,326.13 466,326.13 466,326.13 466,326.13 466,326.13 466,326.13 466,326.13 466,326.13 466,326.13
5 Retained cash 466,326.13 932,652.26  1,398,978.39 1,865,304.52 2,331,630.65 2,797,956.78 3,264,282.91 3,730,609.04 4,196,935.17 4,663,261.30
6 Investment cost 537,386.23 537,386.23 537,386.23 537,386.23 537,386.23 537,386.23 537,386.23 537,386.23 537,386.23 537,386.23
Not pay Pay back Pay back Pay back Pay back Pay back Pay back Pay back Pay back Pay back

FTeZAAUNY

RUAINUATININ/ NIZUTTUAAADY)
537,386.23/ 466,326.13

1.15 1 %50 17/ 2 1hou
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Table 32. Cost — benefit ratio of the biogas production fed with waste syrup collected from a carbonated beverage factory project for Haadthip company

year Investment cost Depreciation Operation cost Total cost Total benefit PWF (8,10) PV of cost PV of benefit
1 540,000.00 40,000.00 208,635.00 788,635.00 750,195.00 0.9259 730,197.15 694,605.55
2 40,000.00 208,635.00 248,635.00 750,195.00 0.8573 213,154.79 643,142.17
3 40,000.00 208,635.00 248,635.00 750,195.00 0.7938 197,366.46 595,504.79
4 40,000.00 208,635.00 248,635.00 750,195.00 0.7350 182,746.73 551,393.33
5 40,000.00 208,635.00 248,635.00 750,195.00 0.6806 169,220.98 510,582.72
6 40,000.00 208,635.00 248,635.00 750,195.00 0.6302 156,689.78 472,772.89
7 40,000.00 208,635.00 248,635.00 750,195.00 0.5835 145,078.52 437,738.78
8 40,000.00 208,635.00 248,635.00 750,195.00 0.5403 134,337.49 405,330.36
9 40,000.00 208,635.00 248,635.00 750,195.00 0.5002 124,367.23 375,247.54
10 40,000.00 208,635.00 248,635.00 750,195.00 0.4632 115,167.73 347,490.32
total 400,000.00 2,086,350.00 3,026,350.00 7,501,950.00 2,168,326.85 5,033,808.45

803 1dIUNAADUUNUADAUN Y

yamilvgiuveswaneuunuyamiligiivvesaldie

5,033,808.45/2,168,326.85

2.32
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Table N-1 Effect of HRT of 8 hrs on parameters in anaerobic acid reactor.

a d o o ay
HMNANUIN N wami’;m:nzﬂmamﬁmmmsﬁmmzmm
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Operation time (day) pH VFA TS removal (%) COD removal (%) Biogas quantity (ml)
3 6.2 910.40 - 24.60 6,890
6 6.0 884.64 - 27.00 6,520
9 5.98 1,329.08 - 31.20 7,250
12 6.0 864.96 - 23.30 7,480
15 6.01 984.52 - 21.60 7,520
18 5.99 1,253.60 - 29.80 7,480
21 6.10 1,369.24 - 20.40 7,520
24 5.98%* 1,336.60* 30.91%* 27.20% 7,570%
27 6.0%* 1,356.64* 30.60%* 27.20% 7,550%
30 6.0%* 1,364.52% 29.80* 27.20% 7,600%
33 6.0%* 1,350.60* 30.40% 27.20% 7,560%

HNAHE -

A A 1= a L4
1. IATONHUNY — ﬂf)hliJiJﬂﬁ?Lﬂ‘iWW

A A A
2. 15091V * AD AN1ITAIN (Steady state)



Table N-2 Effect of HRT of 6 hrs on parameters in anaerobic acid reactor.

111

Operation time (day) pH VFA TS removal (%) COD removal (%) Biogas quantity (ml)
36 5.32 1,060.56 - 21.40 6,620
39 4.53 1,164.68 - 18.00 7,350
42 4.39 1,228.04 - 20.00 7,210
45 4.58 1,203.68 - 20.00 6,545
48 5.28 1,253.68 - 21.40 7,525
51 5.07* 1,536.52* 34.30%* 21.40%* 7,858%*
54 5.01%* 1,580.44* 34.90* 22.40%* 7,300%*
57 4.98%* 1,557.68* 33.98% 22.40%* 7,380%*
60 5.02% 1,557.68* 34.65% 22.40* 7,475%

wineme L nsesiany - aeliimsdnaed

A A A
2. T09HUNY * A9 AN1ITAIN (Steady state)



Table N-3 Effect of HRT of 4 hrs on parameter in anaerobic acid reactor.

112

Operation time (day) pH VFA TS removal (%) COD removal (%) Biogas quantity (ml)
63 4.32 1,072.48 - 14.20 7,210
66 4.51 1,169.56 - 14.20 6,875
69 4.56 7,96.64 - 22.80 6,900
72 432 893.60 - 22.20 7,125
75 3.92 884.80 - 24.30 7,420
78 3.58%* 971.92%* 42.50% 18.50* 7,100*
81 3.57* 926.88%* 42.10% 18.50* 7,180*
84 3.60%* 953.64%* 41.87* 18.50* 7,250*
87 - - - - -

wineme . 1nsesiany - aeliimsdnaed

A A A
2. 5091V * A9 AN1ITAIN (Steady state)
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Table N-4 Effect of HRT of 6 and 48 hrs in anaerobic acid and methane reactor on parameter in the methane production reactor.

Operation time (day) pH Biogas quantity (ml) COD removal (%) TS removal (%)
3 7.02 7300 86.13 -
6 6.89 6940 89.76 -
9 6.95 6520 86.14 -
12 7.04 7100 80.80 -
15 7.10 6280 86.14 -
18 7.05 8010 91.47 -
21 7.12% 8100* 91.47* 96.29*
24 7.10% 8110* 91.47* 97.36*
27 7.10% 8050* 91.47* 97.52%
NG : 1. 1n5eeving — Ao lifinmshnszd

A A A
2. 19091V * AD AN1ITAIN (Steady state)



Table N-5 Effect of HRT of 6 and 36 hrs in anaerobic acid and methane reactor on parameter in the methane production reactor.

Operation time (day) pH Biogas quantity (ml) COD removal (%) TS removal (%)
30 7.01 5,600 58.20 -
33 6.95 4,890 47.73 -
36 6.92 5,200 52.05 -
39 6.98 6,350 63.41 -
42 7.01 7,850 73.87 -
45 7.00 8,150 73.87 -
48 7.00 8,450 84.32 -
51 7.01 8,780 89.55 -
54 7.03 8,900 89.55 -
57 7.01 8,800 84.32 -
60 6.97* 9,100* 94.77* 98.95*
63 7.00%* 9,210* 94.77* 99.67*
66 7.04% 9,170* 94.77* 98.51*
69 7.02% 9,100* 94.77* 98.66*

HUINE :

A A 1 a 4 A A A
L. IATOUNY — ﬂﬂulllllﬂﬁ’lmi”l%ﬁ 2. IATDINNY * AD TN1ILAIN (Steady state)
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Table N-6 Effect of HRT of 6 and 24 hrs in anaerobic acid and methane reactor on parameter in the methane production reactor.

Operation time (day) pH Biogas quantity (ml) COD removal (%) TS removal (%)
72 6.78 7540 70.99 -
75 6.82 7710 70.99 -
78 6.74 7920 73.63 -
81 6.92 8100 73.63 -
84 6.98 8000 75.24 -
87 7.02% 9020* 84.18%* 91.10*
90 7.00%* 8800* 84.18%* 89.25%
93 6.98%* 8700* 84.18%* 90.38*

HNAHE -

A A 1 a L4
1. IATONHUY — ﬂ’t)hliJiJﬂTi’JLﬂ’iWW

A A A
2. 5091V * A9 AN1ITAIN (Steady state)
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Table N-7 Effect of HRT of 6 and 12 hrs in anaerobic acid and methane reactor on parameter in the methane production reactor.

Operation time (day) pH Biogas quantity (ml) COD removal (%) TS removal (%)
96 6.50 5100 60.68 -
99 6.58 5040 64.58 -
102 6.85 5800 68.52 -
105 6.97 5300 64.58 -
108 7.00* 5400* 76.40%* 83.20*
111 6.98* 5500* 76.40%* 82.62*
114 6.94%* 5400* 76.40* 82.34%

HNAHE -

A A A
2. 19091V * AD AN1ITAIN (Steady state)

A A 1= a L4
1. IATONHNY — ﬂf]hliJiJﬂﬁ?Lﬂ’iWW
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Table N-8 Effect of HRT of 6 and 6 hrs in anaerobic acid and methane reactor on parameter in the methane production reactor.

Operation time (day) pH Biogas quantity (ml) COD removal (%) TS removal (%)
117 6.82 0 0 -
120 - - - -
A A = a 4
HNAHA - 1. 993 UNY — ﬂ’f)hlllllﬂ15'3m5'l$ﬁ

A A A
2. 17091V * AD AN1ITAIN (Steady state)
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dadIu Ag,S0, 5.5 N3N @0 conc. H,S0, 1 nlaniu awnald 1-2 fu 1% Ag,S0, azae

1 o 9
Aeouti 1y
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a a a 4
4) wsazaramelsouduaames wienlasazaly 1,10-phenanthroline
Y v
monohydrate 1.485 N3 uag FeSO,.7H,0 695 daansy luthnauauldlsuias
59 100 ¥aaans
(5)esazavaasgu Inunadonlelasnunsuan
(KHP,HOOCC,H,COOK) @3ouTaoua KHP tagit1lduded 110 osrusaifos e 425
A a o 3’ o Y Y a Y A aa dy I =]
Haansy azareluhnaundisulsmasau’la 1,000 Haddas msazareiiazegiinunylu
< 1 '
Qauua lunaon 11
ad a d
IBMIIANH
1. and0619l5inas 10 Jaaaas ldlunasadimsunial COD
2. wuasazaemasgu lddmFeoulalaswa 0.01667 M $1uu 6 diadans
3. IANA15AzA1enIA H,80, (Way Ag,S0,) 14 Uadans wanlmdnu
4. Yarwaoa cob MWuiuweduaztimasa lmiesldensnauniu

a S

5. 19viaonadlu block digester 1 preheat 1ANeunndl 150 earyaIFoano UL

Q U
v

[ c’Qy o 1 <3 a c?/‘ ) 1
Foingnald 2 sl daesldioulugumngines sndunimasaasldlu test tbe rack
OQJ’ o 9 9 o a
6. nmiuthun lnmsadieansazais FAS 0.10 M Taglsarsazaromes 1sou 2-3
3 a a 4 a = oy a = 3 = g’
nea Wuduawes yaganlasunmiauunuealuminanag
o J ﬂioy o a A 1o g’ @ ll o A o A @ [l
7. fwwasa lagldhnaululsunasnmiduideds Mmsswansmioud0e1g
3 AAg Y Y " v 9
nnlsgmssmneaaniinldndeumnuaie
MINUIN
COD (mg/l) = [(A-B) XM X8,000] / U5u1a4@20819 (ml)
Tag COD = A1 Chemical Oxygen Demand
a A Y o (% d Aa aa
A = 15um FAS alddwmsunuasa (Haaans)
a d‘ 9 o [ % 1 Aa aa
B = 15ua FAS flddwmsudiedns (aaans)

M = lya15aved FAS

2. YDIWUVINIHNA (Total Solids :TS)
1ae3B Gravimetric Method (APHA, AWWA and WEF, 2005)
A A d
in3eaNanazailnyal
Y
1. daensuiied (evaporating dish)

2. IN509¥90LI00A 4 AU
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3. QOULHA (oven)
4. dessicator
5. NIZUDNANUUIN 1 aﬂﬁ

ag a d
IENMIUAINSH
9

o v = A
1. H10YNTLLUDINY
9

Y

MMinAINuA1910 dessicator MHI aunA 1Fmin = A 5

v A 9

) ' J ] D] a g v2 o
2. auaegati lvinnuauanlelaelanszuenaie 100-200 va. (Wsuasalsvuny
Y

9 Y
USiaeadsluin ldludrenszidede 1 1 lszimeuusislotiauuis

Y
o Y

E4 [ [ 1 Y
3. ihdrenszidiosfiszmnimdwdr 1 1dludounfiquugil 103-105°C 1ivelannudu
0 o <3 .
wiwlszinm 1wy, wdnh i ldiouly dessicator
A 2 Y R o o a o
4. 1HpBUNAIT NG AUNE =B NN
MIAIUIN

Total Solid (mg/l) = [(A-B)X1000] /ml sample

~ g‘ v 9 di‘ 1 a d A a o
Taeh A = N UNDWNILIUDINOUNITUATIZH (HAANTY)
9 9

o % [ a d a a o
B = mwuﬂﬁ"mﬂmﬁawmmsamsww (Waansy)

a d d
3. MaannzriRmYialulnsou (Total Kjeldahl Nitrogen : TKN)
Taeds Macro Kjeldahl Method (APHA, AWWA and WEF, 2005)
A A <
in3eaNanazailnyal
4 , y 4 4 y o2
1. n3esiielumsdosdats Usznoudieniosgaimaiiogaletioanis
d‘ C:I = QI =}
2. n3eenau gameanumsnen lude lulasau
=
aand
1. ®15aza19d1M5UN15808 (Digstion solution) 3ol Iasazais InundiFengae
Y ' Y
(K,S0,) 134 NSy tag 7.3 N3N CusO, Warunulurinauilszuna 800 daaans ntiuay
A aa 9 o [ t:y ya ~ a gy :/’ = o
134 a@ans ¥9d conc. H,S0, A18ANNIENATLTI Az ldBuNguM)iie1InTiuTlsY

a 1

a o3| a Y < { 4 Y
Ysmasliiu 1 aas wanlididu wulBnguvgligenit 14 esruwaiBod etloeiunis
=2
ANRAN
14 [
2. azaelmdeonleason loa-Tafenls Todamla wiouTasazats NaoH 500
Y v
3w waz Twndey 15 Tedamlamuag lamsa (Na,S,0,.5H,0) $1uau 25 n5u TushnauudalSy
a I a
Ysuasawiy 1 ans
aa a d
BMIANH
A a d u v S a o O A ~
1. @eniSunasveuiviednliminzan  siniw@nhnauilsannueen Tuile

a I A Aaa
suIassIvalu 300 Naaaas
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2. umsazagdmsumsdesaatsadll 50 Naaans
9 A 9 A =) =~ Y = (R Qa:
3. dudRganldasazarela Reraedn 20 — 30 i MinuaaTuluadiule aniiy
Qy < [ a oy M) 3 A Aaa
nalgundlsulsuasdreinauldidlu 300 adaas
o I~ 1 4 [ A Aaa
4. mldiluae dreasazaneImdenlsason loa—Tmaonls lodamla 50 Jadans
c?/‘ o ) 9 a A Qy a a a Aaa 3 Y = Y
amii ladu Tagldasazarsduamasueiaoda 50 Naaaas wWudrduuey Tudisan &

a Aaa

A
a o I
Usmassmnanuailu 250 Haaans
:;’ o 1 A o Y a aa qg/’ t:y Y3 o @
ninimhdauiinau’la 250 adaas asnaldou dunlnmsaduaisazatensa
I A U
H,S0, 0.02 N aunaailudiiieeon
MIMUIN
NH, - N +Org -N (mg/L) = [(A - B)X280]/ ml. sample
Taon
- = a A J
NH, -N + Org -N = towTuiieTuTasiau + sunidlulasion
A= ladansesazalonInigIunia H,80,0.02 N #lslumslamsn
f10819

B = lananiasazaleninsgIunsaH,s0,0.02 N Aldlums lansn Blank

4. aMNAININNA (Total alkalinity : Alk) 135 Titration Method (F31ANIAINTTY
Funadeuuralszmea lneuas World Environment Center, 2535)
A A d
in3eaNanazglnaal
A [V I 1
1. 1n3eiannuilunsaaie (pH)
Y
2. JSATUIA 50 HadansLaguIAlIse 9d19as 2 o
3. el (Hot plate)
4 [ < . .
4. 1n3eanduuman i (Magnetic stirrer)
=
a151n3
o =
1. esazaneilives W 7.00
o d
2. asazaretlimes Wey 4.00
3. @sazaensa H,S0, Annududu 0.1 N

13818 NaOH NANududiu 0.1 N

»

ada d
IBAUAIITH

c?/‘ o 1 Y A o d‘ a ]
mmamﬂmﬂmﬂ'e)umem"lﬂmgmmmiumwwmucla

—

[ 1a J Aa aa
2. axaulalatmnes 2 1u luaz 50 Yaaans

[ d' [ 9 @ L=
3. 1U5u1A59999 pH Aeasazaretivines ey 7.00 tag 4.00
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Y
4. a pH 49301081911
[ L] 9 9 Lﬂ' [} <3
5. Inmsadiedndieaisazaienia H,80, maigiu lasldiniesniuwimanniu
a d' Y 1 [~
aaeanal l3u1asnsad pH 4.5 ud Inmseresu pH 1w 3.0
Y q ¥ A ~ o 2gva A Ay
6. aulaoanng Uszana 3 win nmiunaiisungumgiivie
) [ o
7.t Inmsedeansazate NaOH a1 pH Wy 4.0 Tagniuaaeaial 1alminms
v = a 1 a 9 =
Tnmsanean pH 4.0 31D pH 7.0 991511050190 1% lums Inmsan pH 4.0 94 pH 7.0
MIAIUIN

1. aMWANTYNA (Total alkalinity) (Wadnsu/ans Tugid caco,)

= (lndansveensa H,S0, A 1%vu pH 1lu 4.50 )X0.1X50 X 1,000

UaaanIUDIAI0819 X50

(Hadansvesnia H,S0, A% pH iy 4.50) X100

a d 3 o A
5. ’J!ﬂ§1$°ﬁi’)\1ﬂﬂ5$ﬂi’)‘lJélli’N!!ﬂﬁ‘U'Jﬂ1W
a ¢ ¢ o v 4
AUAT1ZH0ALTZNOVUNATININAIYLIATON Gas chromatography (HEWLETT
PACKARD j:uHP 6890 Series GC System) Ta81% Thermal conductivity Tumsaadledratn
TAnneridnios Ge
q Y a 4
annenlglumsiniiey
Column : ShinCarbon ST 100/120 micropacked column
1 1 J a A
Column description : mazﬁ'umg{uﬂﬂmqmﬂuaﬂ 1.0 Yaauag
9 1 4
durgudnatsnielu 0.25 luTasmas
Column Temperature  : 40 NGRIE TIED
Inject Temperature : 100 09FLy LT e
Detector temp. : 200 D9FLALTYE

Carrier gas, flow rate : Helium 8031715 111a 20 Jadansaeui

a d A
6. ﬂ153!ﬂ51$1’i1’nﬂ53ﬂﬂ!!9ﬂ1u9ﬁ
g X
6.1 911 131a81Y O
1.  Yeast Malt medium (YM)
szneudie

Yeast extract 3 NN
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Malt extract 3 N3N
Peptone 5 N3u
Glucose 10 N5U
Distilled water 1,000 yaaans

1 c?/‘ oy o v A I~ ~ <3 a g ]
azagduHaNInualuiingy dsuniemilu 5.5 N30 1MITUAUL ALY 20 NTL/
a 2 wyq v - A ~ A e Yy v
ans Mene e mslgungiiiszua 50 -60 oaruwaIBod @upenicillin AN 60
[ Aa Aan . 9 9 [ Aa Aaa
luTasnswdaaans wagstreptomycin ANVTNYU 100 JuTnsnSu/iiaaans
WIS : YM Agar 10503 Tag 14d1m1/52nouiguifionits YM broth Ay Bacto
agar 1.5%
aaa d
ABIATILH
MsTamssavesie
[ 1 A d' d‘ o A Y 1 dy
TagMsIanINIsganauLaInaNeINAY 540 W1 Tuwas Tasiin1si909190708131%0
Yy & 4 o o a A A
ainau ihliiammsganauuasianuenaau 540 w1 Tuwas
¢ b d
6.2 Mm3ranzrdSnaniimasaie Jae3B Dinitrosalicylic Acid Method (DNS)
(Miller et.al., 1959)
= =
MIAIaNaISIAN
=) 0'/ . . . . . v A 7 S 3
WTeNE1TAZA18 DNS lagwa 3,5- Dinitrosalicylic acid 10 N34 Wuoa 2 n5u TamAouda
4 % 4 % 4
T4 0.5 n5u waz Tuaadeuasioan 200 n3y azareluasazats Tnaoulaason lag 2 %

a A Aaa a 3’ M a I a Aaa <3
151105 500 Haaans LL%QMNHWﬂﬁH%HﬂﬁNW@IiLﬂH 1,000 Uaaans nuasazareluviagan

ada d
BN
1. AaA98 1 NNewdD 1 Hadans Tdaslurasanaass Aua15aza10 DNS |
a aa Y Y o
uaaaas Wyl
9 ]
2. Wllduluinden 5 uii nieunsgnudlathnnaea iveflesiumsszine
g’ Y aaa a a9 ] 3’ 3 o a J =
vo91i1 uaImgalnIemsinaddiensusiuaium Wunar 5 un
a 3’ o Aa Aaa Y Y o o Y] 1 A ~
3. @ushnay 10 daddas wauldidnnu i lilieamimsganauuasianuen
A
Aaw 550 W1 TuUAS
= Y 3‘ o @ ll o A A
4. 19383 blank TaglHminduunudIsg1n AuHUMIIMTaUNIITNARDA
o 1 ~ Y A 1 a 2’ ana o v g)
5. a1 oD 7 lasumanlSinanhmasarsiunsnasgiuihnang Ind

msnnninasgiimanglaa

1. @evensazateng Iaalilszauanududuminu o, 10, 20, 30, 40, 50 1az 60
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Naanfu/iiadans gamsazaleNieaudl 1 dadaas ldaslunasanaaouduaisazaie

[

DNS 1 Haaaas mau i

A =

Y 1
2. i hdulwinden 5 ui wieuiegnuiitlathnuase ietlosiumsszimeves
oy 9 aaa a ay 1 oy S o a I ~
U1 Lla'J‘ﬁﬁ.lﬂﬂ;]ﬂﬁEﬂfﬂﬁlﬂﬂﬁ@nEJﬂWiL!“]leHLGU\‘l‘W1!1’1 Lﬂunm 5UIM
a 3’ o a Aaa Y Y o o @ 1 A d‘ d'

3. KUUINaU 10 yaaaas Wﬁuﬁlﬁmﬂﬂu m"lﬂmmmﬁ@,ﬂﬂauuﬁwmmanﬂau

550 U TULUAS
o 1 A 9 ~
4. U111 0D %"lﬂmwﬂumwimmgm
d

6.3 3!ﬂ§1$°ﬁﬂ%3ﬂﬂ!!i’)ﬂ1uﬂﬁ

AnT1erTNIeNIUPAAIUIATEI Gas chromatography (HEWLETT PACKARD U
HP 6850 Series GC System) Taely Headspace (Agilent Technologies G1888Network Headspace

% 1 a 4 4
Sampler) Tumsaadledradn lmaeialenies GC
q Y a 4
annenlglumsiniey
Column : polyethylene glycol (HP-INNOWAX 19091 N-133E)
1 1 4 a A
Column description : wazﬁ'umguﬂﬂmqmﬂuaﬂ 0.25 waatuag
1 4
LéjHWWﬁuﬂﬂﬁNﬂ1ﬂﬁlu 0.25 UlﬂJIﬂiLll@lﬁﬂ'NiJﬁlTJ 30 LUN3

Column Temperature  : 50 NGRIE BIED
Inject Temperature : 200 D9FLALTYE
Detector : FID (flame-ionized detector)

Carrier gas, flow rate : Helium 8031715 111 20 Sadansaeui








