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# 44970443821 - MAJOR ENVIRONMENTAL ENGINEERING
KEY WORD: INDUSTRIAL WASTEWATER / BIOGAS / ANAEROBIC TREATMENT / BIOGAS SYSTEM

PAKARAT PROMYU : RELATION BETWEEN [INDUSTRIAL WASTEWATER
CHARACTERISTICS AND BIOGAS PRODUCTION PROCESSES. THESIS PRINCIPAL
ADVISOR : ASSOC. PROF. SUTHA KHAODHIAR, Ph.D., 137 pp.

The main objective of this research was to study the potential of biogas production from Agro-
Industrial wastewaters which had high organic and high solid load in 5 industries including cassava starch,
instant foods, palm oil mill, whisky, and Pulp and Paper. The study includes the technology selection for each
type of wastewater in different types of industries. The study was divided into two parts. The first part was to
collect the wastewater samples from 55 factories for wastewater analysis. The second part was to document the
paper and research inside and outside country to set up the benchmark to identify the wastewater that has high
potential for biogas production and to select the biogas system that is suitable for the wastewater characteristics
using the decision trees technique.

The results for biogas technology selection from the decision trees technique reveals that Anaerobic
Sludge blanket Process and Anaerobic Attached Growth Process are suitable technologies for wastewater from
cassava starch factories, pulp and paper industries, and instant-food industries except for 3 cassava starch
factories industries which had high suspended solid, the Anaerobic Suspended Growth Process is more suitable
for wastes with high concentration of solids. As well as, for palm oil industry which the wastewater contains
both high suspended solid and oil, the Anaerobic Suspended Growth is the most suitable wastewater treatment
system. The wastewater from whisky industries can be treated by Anaerobic Suspended Growth Process and
Anaerobic Sludge blanket Process depending on the concentration of wastewater and suspended solid in
wastewater before entering the system.

The study can be concluded that the wastewaters from 5 industries have high potential of biogas
production and the anaerobic treatment technology is the most suitable system for treating the agro-industrial

wastewater,
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2.2.1 apHatiuge
Y 9 :; =S [ 9
1) ANUUYNUHYDIHUTENOUUTELL
Yy 9 e o £ Aq 9 a A v o
aNunIuves nantluilotavite nlxluniswarsauinistaenlglseinngs
a o o W 3} = 19 9 a a o =~ 9 1
Ufnsalluszouiwiadndenuulilseonsiou vazanudunsolumsmanadaninlaun
a a < a a J
USannududuvesdled (COD) Usiavpadawuiuans (sS) Usuaansdunsdazaie
oy a : Y Y | o 2’ a
11 vazdFunaniuiuuas lvin fudu Teena liiudegaaunssuanmsulsgdnanaanis
& o A Aa Y 9 a9
M3nEAs Ui NasNNANUALIUAD UV
Yy 9 ~ = -1 % 9 ' ° '
- ANuTRILYRYE 1R (cop) lniudensuinszuylinlsdind 1,500 — 2,000
A A a a Y = ) Y A I [ 9
wn/a ez lsmaenismane yaduluszuumusaihunldldewidundenula
1l =} =1 a a =) =) 31 =) % 2
2191 NIND (Metcalf & Eddy,2004) 52u04msnasandsuas lealuindedseneunuonsi
a 3’ =\ & o g dy 9 o a AL A
Manaludeved 133011 Fadantlsnaaeatiazgnldlumaiiuiumssussnnasouns daall
1 a (9 a 4 [ a P
HAADNITNIITAINTIABN IHOAT1NITEVIINNATOUNTO HAZYUIAUDIN NIl Mz
o w g’ a9
lumsiiniatiudeade
a < oy I LY { { a
- suavesdwvivasslutinge (ss) illuaalsnileignldlszimiuana
Y
WuTuvea T azaNnua I luMIE0saa1eN19TINN (Demirel, Yenigun 1@g Onay,
& A ' A A o L IFI & f L 5 1q 9 A
2005) Fanwagellszansanmsiiiatndsvesszuniiniadudeluldesndiou uazms
A v A 9 1 1 add A ] ]
nosanlumsaa@enszuy aee1uri lunsainuugdelsneudlgvedulavivasauay
a A A v ° A @ 9 ] A A
asouns indesaasldensiuavun aziinalumsiaviamsaialiauuaiiise (Granules)
luszuvgeodi (UASB) Tedawansznuaoilsz@nsnmnsiiauaedszuuanal sou09wa
a I 1 [ a
YoIUTMUVDWIWVIUADEADIZUVAINT 09 1501717 (AF) Sllanududugannnulilern
a @ 3 o ) 9 a A [ 9 Y [
namsgaaulugudinars lvaslsz@ninmassdinsosliormea lamunu
a g) &% @ I a A dAA 1
- Suaniniuuas lvdiv (FOG) Wuansdunsdndianuainisalumsdesaaiy
= 9}:; 1 [ 9 1 1 9 a 9
Na¥In N 1aa1 Tasnisdesaars lviualtenszurumsdesaarsuuy luldeongiauay la

NALYDIOA (Glycerol) uazﬂiﬂ"lmﬁu%ﬁﬂimaqama (Long chain fatty acids, LCFAs) FINTA
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= 1

S . Y qg.;’ a Y o A = a o
uuaNiselusu (Demirel HazanLy, 2005) aarivdTua lviiuluivdevalinadonisinanis

1
v A

= @ a A LY~ [ Qa: ==\ 9 =~ A
iy Tagmwz ludusiia isudandu lvdunamnsodudwuaiseasralimulumsaesu
aa g & = = % a d”da 1 o a A o
ninozgamiumatimu ¥ luduriaiinyguusaini luduriaouds
A
2) msdudwazasiy ansaildnszuiunmsdesaatsluaninlioondiau
@ v & a 1 a Y o A o Yy 9 1 v W
vgayzdn 1A Feasivuaazyidalimansgnuiuszuunszauanududutanaeiuawaag
A 1 1 { o a © J
Tum3nen 2.1 wag 2.2 154 ngunasves langinmuluszuuraanadaninlaun Tx@ey
= = | A g 1 dy Y =
TduaaiTon uaarFen uazuuniiFeo Wesnnaisduileounguilvininmsldasaiilu
= Y 1 & 9 o e ! ' Y a Ao
auauiey Ivunszuy Wuaw iidsgaaivnssuaiu lualssnevdlrsasiyniluounsie

o

1 ==\ o @ 19 ¥ a [ o’;’ [ 9 = a g’
ﬂﬂllﬂﬂﬂL531U§$UUU1UQLLUUhh]iﬂf@@ﬂc]ﬂiﬂu ﬂ\mum!,ﬂufﬂmmﬂJﬂ1'§LLEJﬂﬁ1’iWH’e)fJﬂmﬂu1
a D) A ) ' A v Aa Y 9 A v o Yo
[FYNDUIVITESUD ﬁﬁ@11’7L3a1llﬂ5$UULW@iﬂllﬂﬂﬂlﬁﬂﬂulﬂﬂﬂﬂﬁ’]ﬁwyllagﬂiﬂﬂ’lqﬂﬂu
, )
@ni"IQﬁ 2.1 919Ny uazmié'fiJquﬂﬂ’izuaumiﬁ1ﬁﬂt£ﬂﬂ1ﬂ%@ﬂﬂ%ﬁ]ﬂﬂi&ﬂ%

131520 VBUNT & (Metcalf & Eddy, 2004)

anudaduiii I §h5eanaseras 50
asilszneu
(3ia@lara, millimole)

1 — Chloropropene 0.1
Nitrobenzene 0.1
Acrolein 0.2
1 — Chloropropane 1.9
Formaldehyde 2.4
Lauric acid 2.6
Ethyl benzene 3.2
Acrylonitrile 4

3 — Chlorol-1, 2-propanediol 6

Crotonaldehyde 6.5
2 — Chloropropionic acid 8

Vinyl acetate 8

Acetaldehyde 10
Ethyl acetate 11




v Y
319N 2.1 Ay vazasdudanszuaumstiiauuy luldeendnulsemnn

A151U352A0UBUNTH (Metcalf & Eddy, 2004) (719)

Yy Y d‘ o Y (aaa 4
ﬂ'J13»1!611Nﬂluﬂﬂﬂ?’iﬂg]ﬂiﬂ1ﬁﬂﬁ\ﬁ®ﬂﬁ$ 50
msilszneu o
(uaniua, millimole)
Acrylic acid 12
Catechol 24
Phenol 26
Aniline 26
Resorclinol 29
Propanol 90

1 k4
A5 2.2 A15NY Llﬁg’,ﬁﬁET‘]JETQﬂi3‘U’JL!fﬂi‘]_ol"Iﬁﬂ!!ﬂﬂullli%}@’f)ﬂcmﬁluﬂigmﬂ

151320 URTHUNT§ (Metcalf & Eddy,2004)

ANMINTHANTNYIEAUNA ANMYNTHINTRYIZA
msdsznev
(un./a.) JHUSI (WN./a.)

Na' 3,500 — 5,500 8,000

K’ 2,500 — 4,500 12,000

Ca” 2,500 — 4,500 8,000

Mg 1,000 — 1,500 3,000
Ammonium- 1,500 — 3,000 3,000

nitrogen, NH+4

Sulfide, S” 200 200

Copper, cu”’

0.5 (soluble)

50 — 70 (total)

. 6+
Chromium, Cr

3.0 (soluble)
200 — 250 (total)

. 3+
Chromium, Cr

2.0 (soluble)
180 — 420 (total)

Nickel, Ni*"

30.0 (total)

. 2+
Zinc, Zn

1.0 (soluble)
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2.2.2 amnaasnluMIAUIZUY
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a aAa

I~ o [l Aaan [l 1 o w 3’
) guugl dudusal§iseimsdesdats sreguugiintdenldluszuviniainde

Q U

9
uuulildeengioud 2 ¥19fo ¥r9gaungiiluna1s (Mesophilic) Aatd 30 — 38 °C 1Az ¥
9 [ 9
QNI (Thermophilic) AN 49 — 57 °C MINMIANYITERMIUNNDI Matinfaiuden

QATIMNITNNTZAY (Yilmaz, Yuceer 118 Basibuyuk, 2008) tazuilaiud1nzwas (Ahn uaz

a

{ a J @ !
Forster, 2000) 1N132U55NNA130UNIIgIalenansod 130 1mangungiias azliadesninuay

QU QU

A Aa o 1 { a Ao a I'4
Yszansnmlumsiinuvesszuuanngayiiuna1 uandnsIn1ssusTINNaIToUNTd

o' a A o w a o ] 1 1Y 1 1 a ]
d1q Uszdnsammsivedleduazmanamafmuaz liuanaany nandgumrgilugia

U

A A w

40 — 45 °C nuaiiGediniog 1A uAOAI NS Ida10 (decay rate) Ngalugreguugiigeil
Y

Q KU

E4 9
I a v o =

A A a 9 Y IR a A =1 af
Y ﬂl@QLL‘]Jﬂ‘VILiEJ‘VIﬁ’iNll!,‘Vlulsllﬂﬂafj(uEJi]QEJ"IﬂGl‘L!ﬂ"IiLﬂuizﬁ‘]J‘ﬂ‘qmﬂmJu AUUUN YUY

u u

=

1 a a (Y ()
Wﬁ@]i’)fﬂiLﬁ]iﬂ]um‘]JI@ﬁl’lemﬂﬁL YU NIIVYYNIVDINIY (Henze L4as Herremoes, 1983) Tag

v v

v o 1 =) a o [ {
ANNFTUAUTISUINGUVIHUN ATIMINAN RN ﬂ\‘lllﬁﬂ\ﬂug‘ﬂﬁ 2.3

‘P t:c'.--nly- r_l CEI— F
4 b \
ey \
/ | \
. A “.\ \
% i \
7 \
/JJ.-’ ‘I'II
£ ‘n‘
. " ik >
QUNY Hihunaig (Mesophilic) LR ﬁq\‘i (Themophilic)

{ v o ' Av @ a o
311 2.3 ANNFURUTIZHINQUUYNAVIATINIIAANMHFUINY (Henze 11ag Herremoes, 1983)

1 <} a 1 o w < @ Y
’f]fJ'l\‘]lliﬂﬁTNQillWQi]ﬁNa@’ﬂﬂWiﬂ”lﬂﬂ‘U@ﬁlﬂNaluﬁ3‘]_]‘]_]{31}'3‘(’1 Iﬂﬂ@"lﬁﬂﬂﬁﬂﬂ"liﬂ'ﬂll
A 09; =S [ a AL & A A Y
ﬁuﬂﬂl@ﬂuWLﬁﬂlla%ﬂ'JTMﬁ"liJWiﬂﬁlUﬂ15'(’J@fJﬁaT(’Jﬁ"li@uﬂﬁfJ “ﬁﬁﬂ?WﬂﬁUﬂMWﬁIﬂﬂ@ﬁﬂﬂﬂﬂﬂ
a 4 Y < o @
Ufnsaisznnszuuiidnatunmzda azmiulannmsiuvesnenses1$eona (AF) uaz

19ANAZNOU (Sedimentation Tank) lugaseuninuldaniigguuid (Metcalf & Eddy, 2004)
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9y
v o A

A Ao 9 A z £ A YL A '
miL‘WllQm‘Hﬂll“l/l11%ﬂ’ﬂll‘ViuWllﬁN‘Lﬂa@1aQ"‘lfx‘]ﬂfﬁ]&lcluLiﬁNﬂﬁﬂ’JuNﬁiJ]lﬂWUu DNNIYIUTIU

U

o Y a Y = A dgl 9 = A 1 A a [ | 9
MINYT UM ININNVTUAY 1INMITANHINHIULINY I mammzuumaaa”limmﬁ

a o

o g’ a < {
(Anaerobic Digester) 1M 311151 U781 T391URAAUBIUL (Cheese whey) NQUKAN 25 °C

U

a

) a a o 1w @ Jd o
1ag 35 °C USumMmsINamamInIwmInD 0.54 1ag 1.01 au.u./au.u.mmmﬂ;]ﬂim-au

o w <

o w 1 o a o = A d? I ~ A
MUAIAY AIUTNTIMINAMFUMUNBIUIIN 0.053 1T1 0.090 AV.1./NN.F TpANYNIITA &
A Qdy o 1 Y 2 a o = A dg’ = 1A
MINURUUNNIY 10 °C awaliiSmamanamadimminywney 2 minszeznally
v Y v ' Y
M3 (HRT) 10U 10 T (Ghaly, 1996) uagaugiveuhmniue1nilinmsiud,

1 <
5EHINVULVIAAAY (Mahmoud HaZANE, 2003)

2) smamsemnsnd iy dwmivlsmannuaesms lulasnunazeaesatiie
eunulsuiaemsiiodluszuuniaiian COD:N:P 9819108 100:1.1:0.2 (McCarty, 1964
9 = o g; a Y U 1A =
9190911 Henze  118¢ Herremoes, ~ 1983) nazmsdsuanmiingelvlianinaenos 1o
(Alk:COD) neuingsguu lutlosnd 0.2 iesniszauiitesluszuy bildimursoanasedis

I~ [ [l Ao { @ o W g’ :
asuaINansenugonuanGlussuy nnuITengInuMsTaludegaa NI suN
' <3 Y1 g} a ' a2 A 1A ' 9
dumziu 1d dndegeavnssudiuluaiidsunamaennsg liiesmedonnudoans

= a Y 3 d v [ a A J
voadn luszuy tazllsuaanuassmse s uilanduuewas NI UIINNETOUNTI

(Speece LAz McCarty, 1964) Aduaadlugin 2.4

v o 1 o 1 a I
qﬁ,‘]_]ﬁ 24 ANUTUNUTIEUINTATIU COD : N LLaZﬂWiZ‘UﬁﬁﬂﬂﬁTi@u‘ﬂ%ﬂ

(Speece 1ag McCarty,1964)



12

~ ~ Y o A 9 ~A A Y
3) WY 3JNaﬂig‘VI‘]JIﬂﬁ]@]ix‘lﬂ‘]Jﬂﬁ‘]/]NTHGU?NL!,"UFI‘I/IHEJ’(,TiNﬂiﬂ UASLUANLTYE T

= = Y a Y 3 < a 1 1 = A o [ 1 A A
UINU cm1/1ﬂmﬂ@msEmamazgﬂuwwaizuu IﬂEJ‘]f’NWL?J"]fT]LTﬁJWEﬁJﬁ’ﬂfi‘jﬂﬂqmmﬂ‘lﬂljfJ

Y A Y 1A A o P A o ey o
ﬁ'i'l\‘]iJW]UﬂigiJ'lm 6.5 —-82 (Speece, 1996) ﬂ'lﬂ'lWLE]"]fﬁjj’\‘]Wi@ﬁ']ﬂ’]']“]f')ﬂufllgﬂ'lclﬂﬂﬂﬂﬁﬁ'lﬂ'lﬁ

v
a o

a o a A o w J [l <

!ﬂﬂﬂ’lclfflLﬂuaﬁlla$ﬂ5$ﬁ‘ﬂﬁﬂ’lWElUﬂ'lﬁﬂ’mﬂf;ﬂi@u‘ﬂ?ﬂﬁﬂﬁ’lﬂﬁl’l\ﬁ?ﬂli? ﬂ’lﬂﬂ’lﬁﬁﬂ‘kﬂﬂ’lﬁ
o w o w :’ Qy C% o v 2 A A o 1 1 9 [ 9
‘]J'I‘UWUTUﬂuTVNi]’lﬂIﬁ'\N'lul,lfﬂ\Tllu?ﬂﬂgﬁaQ“If\‘]ilﬂWWL'f]ﬂfﬁ’lﬂgﬁlu%'N 39-52 ﬂ')ﬁlﬂ\?ﬂi@\‘]hli

Y

p1MAnUI Hudenimsnauguiitesnouinizuutinge 1fe1meazaniniudnsInse

v
14 1o A

a =4 a ~ [P= v A a 1 9
‘U‘i'ﬁ"l/c]ﬂiﬁi’é)uﬂﬁﬂvl@]QQﬂ?WuWLﬁﬂﬂUﬂuliJiJﬂTﬁ‘IJﬁ‘U“WLfJ‘]S UAagauaIIInITNOULVITSUU
(@Ina agWIUY, 2518)

@ a 4 4 3’

4) ATIMILUIINNEIIOUNT (Organic loading rate, OLR) 1lonnududuvosingde
~ 9 [ oy =~ A =] 1 [ a =4
VILﬂHﬁ&IJ‘]JLLﬁ%’E)@]iTﬂTill‘ﬁﬁ“llf)\‘]ﬂ%ﬁ'ﬂlﬂﬁﬂu ITHAANDBATINITSUITINNTITOUNTYLUAL

% OaJ d! U QSJ, U t;‘ = 1 a a o -7
ﬁ$ﬂ$£3ﬁ11ﬂﬂ'}3ﬂﬂu1ﬂl’t‘)\‘1§$‘ﬂﬂ %Qﬁﬂllﬂﬁﬂﬂﬁ'ﬂ\iﬁiu%&’Nwﬁﬂ@ﬂﬁgﬁVI‘ﬁﬂWWiuﬂTiﬂ"I%ﬂ
a s Jd a a o = ~ 1 A o
ﬁWi’ﬂuﬂﬁﬂLm%ﬂiNWﬂ!ﬂ'li!,ﬂﬂﬂ?‘?ﬁ%ﬂﬂWWiuiZU‘Ugl’m’ﬂﬁ‘U NATINBBDATINITSUIIND
a Al A dgl o Y @ oy 1 Y a a o w
AITOUNTYLNUUYU 1/]111453fJ%L’JZ‘]"IGLuﬂWiﬂﬂlﬂﬁﬂaQ mwa”lwﬂizﬁmmwﬁlumsmm
a S a o A Y A 3 £ .
AITOUNTYLUATNITINANIHTINTNAAAINIY Luﬂ%ﬁﬂﬂﬂ'ﬂﬂli’ﬂuﬂ”ﬁ"ﬁiﬁ‘ﬂu (Upflow velocity)
3’ A dgl [ A 1 = o W ZJ = a o o
ﬁlli’N‘L!W%QQmuﬂﬂlLﬁﬂﬂiu@ﬁNﬂ 2.3 L‘IJL!ﬂWif’Tﬂ‘B"IﬂTiTJ"I']Jﬂu%ﬁfﬁ]Tﬂiiﬁxﬂuﬂaml”ﬂﬁﬂuﬂiﬂ

ﬁ?ﬂiz‘ﬂﬂglﬂt@ﬁ‘ﬁ (Kalyuzhnyi, de los Santos i8% Martinez, 1998)

~ A [ a ~ g’ = a
A1519N 2.3 F\Ia"UENﬂTi!‘lJaEJuLL‘JJﬁQi’Jﬁi1ﬂ1i$1ﬁ'§‘1ﬂﬂfﬁiE]L!‘VliEJ"‘IJENHM?(EJmﬂI‘NQWuNaG]

a5 Ideszuugoeail (Kalyuzhnyi lazasiz, 1998)

#lof OLR (0. | szeznaly | YSwmams | anwss $ouazv0
Mn./a.) AL IN) msfnin Aamaiimy | venitlva | Uszanimw
(W) (a./8.53%) o @A) | Mmsmdadleq
8,300 4.37-13.08 1.9- 0.65 1-2.86 0.34-0.98 79 - 67.1
13,100 |~ 5.24-7.28 2.5-1.80 1.29-1.43 | 025-035 | 79.5-79.5
18,000 | 3.0-13.89 6-1.25 0.91-3.94 6-1.25 80 - 63.4
Hasodnyazanianude uazaninunadenlumsauszuy fanadiedud
mmﬁuﬁuﬁ‘"“uﬂ15Lﬁﬂﬁ”w%mwmﬂﬁyn?mﬁquﬁm“lugﬂﬁ 2.5



HRT

' o o a
[ NN ] [ ﬂﬂi1ﬂ1§"l1’iﬁu1!ﬁﬂ

OLR gt

A 4

Y Y qo’ a
[ ANNLVNV UG8

v

v \ 4 A 4

% a o =
> 9AIINIUNANBYININ

A A F X/ 1 @ a
zﬂ‘ﬂ 2.5 Llﬁﬂiﬂ’ﬂﬂﬁuwu‘ﬁigﬂﬂﬂﬂﬁ]ﬂﬂﬁﬂ1WL!3ﬂéjﬂﬂJL!ﬁ$ﬂﬁLﬂui$‘U‘U

v o a

) =
NUBATINITLNAN IV BT IN TN

23 dszanszumihnimihaanuy lildeendou

Y Y
sruutiniandsuuy lildeenFoulauuana 19 i uaUe g U UHLLUITE VY A

U U
Y

anvazmItau dmsaenldszuuudazlszianlumaihiaindogaamnssurzdos
v v

nnsandanyuzvesings Ysuumsnaindes tagRuny TageusouLInguueess U

o W 3’ = 1q 9 a [ TR— a g' .

ddedndenuylilgeengnwiu 3 nquae szuway Tauvauassluti (Anaerobic

Suspended Growth Process) 3 2UVNAINABANY (Anaerobic Attached Growth Process) Lo

QBJ} o J o y
SEUUNEY (Hybrid) H305¢VUFUAAAD (Anacrobic Sludge Blanket Process) 151802108aA311

2.3.1 szuAnlanuinaeeuiil (Anaerobic Suspended Growth Process)

Y v
a o . < @
szuua Tauvauaosluiii (Anaerobic Suspended Growth Process) (1 use UMz AL

g‘dd’d Yy 9 owgldd' Y a  Aad d:’w
IH!,ETEJ‘I/HJ?]’H%JLGUWUH’LIQ T;TTJJﬁﬂ‘]JTU@]u%’ﬁfj‘ﬂ‘ﬂigﬂEJ‘lJ@38@'15@1&%586811421]61]8%!%\1 HIWU

U

=2 = 2

o @ g’ a3 o o a ZA o 4

paz lugudumnduiudedudvavin dszandalnssindinsdnyine denavauysol
@ a d v W

(Completely Stirred Tank Reactor, CSTR) uazmﬂgmmuuuauwa (Anaerobic Contact

Reactor)
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] 4 I [ a oA 9 ;& o ] a

denauanysei (CSTR) Wudslnsaitladszmnnnii Fuiluszoviinia lildeendiou
~ 9y a A v 1 a a J 3’ ~ [ PN a a 9 =1
nlgraunsdiludrgesaarsarsounsd luindenesludinaunilaiasaliorna Tagdl

Q

Y
52Eza luMIANi (HRT) mnuszeznalumsnnazney (SRT) aglugig 15 — 30 Ju
LY a J ] 1 1 [ o [ Y
PNIINILUIINNETOUNTI (OLR) 0g54I19 1.0 — 5.0 nn.dlaadean.u.-Iu dimsung

a L4 v o 1 [ L4
U nsalunuduAa (Anaerobic Contact Reactor) 3ZHANANIINGINIUANYI 0 (CSTR) fAp U3

Y

Y
suthudnszuy ldlszeznarlumsinaznou (SRT) ganiiszezia1llumsnniii (HRT)

=)

o—

4
v @ %

a 4 1 1 a1 @
WUHNIIMILVIINNATOUNTI (OLR) Y1 1.0 — 8.0 NA.F IoAdDAL.N.~IU (Metcalf
: v o a 7 o (A @ 4
& Eddy, 2004) H4e31505 080510152055 E1500N3 0 lagandndalnseinuuniuauysel

< 9 0911 = 1A o o Y a 2 Y
(CSTR) tanHay Iﬂﬂﬁgﬂﬂ‘ﬂ\iﬁﬂﬁﬂ‘qmﬂuﬂ@ ﬂ']ﬁﬂ'luNﬁ‘lJﬂWfﬂuﬂﬂ@ﬁ@mﬂﬁW Vlﬂﬁfi)auﬂiﬂ‘lﬂ

q

3 9
o a 1 o R Y

v @ =4 £ A a o = Y =1
UHTNUAITOUNTYDYNNIN “BQ%]&’LWM?‘I’NJJZ’HlﬂiﬂiuﬂTiNaﬁﬂWGﬂ%’JﬂWW‘lﬂ@ﬂﬂ’Jﬂ ITUVU

A A aca 5 B Y~ < v vy
!,1]@ﬂau‘ﬂ3fJfJ'f]ﬂﬁa’]ﬂﬁ’]illmﬂua@ﬂiuu’]lﬁﬂ zl)gul@lﬂ’l“l)'GIf’Jﬂ']WLﬂuwawa@ﬂqﬂa@ﬂq@']uuu
o 3‘ A AA (A [ A a =4 oyd'd 9y 9 ) o
L‘ﬂll’]zﬂ‘lluuﬁﬁl“l/]llﬂﬁNWﬂlmﬂQL!ﬂlQQQﬁﬁﬂﬁ'ﬁ@uﬂﬁﬂaza’]ﬂi‘l’]ﬂuﬂ')']ule\]wmuqq ﬁ']ﬁﬁﬂijmuﬁ']
R o { Y

A o a Y [ a 4 = A AaAA a g A A A
muﬂwu‘lumimmz‘um]wmﬂgﬂimﬂszmwuﬂa mmwmmmﬂuﬂm NIDUAITN

fg)}

e

L4

anwawnsalumsnanioui lfluiauazeinsainieluvesszuudnuse Tasdalgnsal

=

N

apiauandlugln 2.6

/"'_'_' : Influent

a t Gas
385
/—4 Clarifier
e

Influent Effluent =
—] [
c:'.‘:J:Si Flocculator
e or degasifier
L -
e —
Do Sludge recycle 1

Sludge

falgnsaluvuniuauysel (CSTR) | fafnsaiinuududia (Anaerobic Contact Reactor)

51/ 2.6 dedrdalnssi luszuunuuay Tanvauaseluiii (Metcalf & Eddy, 2004)

U

232 3%UUNaN (Hybrid) 139 SXUUTHAEAD (Anaerobic Sludge Blanket Process)
4 v
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SS < 6,000 mg/L

SS 4,000 - 6,000 mg/L

[ S A 9
anyUSUUTULUT

SS>6,000 mg/L
»

SS < 4,000 mg/L

COD 1,500 —
60,000 mg/L.

COD 1,500 —

115,000 mg/L

FOG < 1,000 mg/L

FOG < 1,000 mg/L

Cannot be used

COD 8,000 —
180,000 mg/L

N

\ 4

Anaerobic Suspended

Growth Process

Cannot be used

a

[ ] FOG > 1,000 mg/L
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- Anaerobic Suspended Growth Process: AF/AFF (OLR 1 -10 kgCOD/ms-d)
- Anaerobic Sludge Blanket Process :
- Low Rate: Anaerobic Covered lagoon (OLR 0.5 — 1.0 kgCOD/ms-d)

- High rate: UASB (OLR 5-20 kgCOD/ms-d)

ABR (OLR5-20 kgCOD/m3-d)

Anaerobic Sludge Blanket Process : Anaerobic Covered lagoon

(OLR0.5-1.0 kgCOD/ms-d)

- Anaerobic Sludge Blanket Process :
- Low Rate: Anaerobic Covered lagoon (OLR 0.5 - 1.0 kgCOD/mS-d)
- High rate: UASB (OLR 5 — 20 kgCOD/m’-d)

ABR (OLR 5 — 20 kgCOD/m’-d)

- CSTR (OLR~ 1-6 kgCOD/m’-d)
COD > 80,000
- Anaerobic Contact Reactor
mg/L
(OLR~ 1-8 kgCOD/m-d)

Anaerobic Contact Reactor
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. 4 asaidy | danimslva | quurigil | mzhlidh filed EEE] voudazaeni | veandauvivaey | by .
ey ¥ol3aau o . fitey = M s Navua
f0ea (@U.3/ %) o) (ms/cm) @n./a.) @n./a.) NIruA @n./a.) NIruA @n./a.) @n./a.)
Wn./a.)
1 1,200 5.70 32 1.21 1,300 20,400 620 135 20 2
1 Tsanugsmnegdu
2 1,200 5.18 35 1.1 1,270 18,670 1,350 60 14 3
Anay 1,285 19,535 985 98 17 3
a o o
5 LVIEN 0IANIGIT ATY 1 600 4.00 48 32 44,500 124,800 96,400 21,150 2,350 77
a5Inea1la 9109
MzFuns) 2 600 430 48 37 45,370 130,900 87,020 14,800 1,880 62
Anay 44,935 127,850 91,710 17,975 2,115 70
1 576 5.00 45 79 49,000 105,600 118,920 29,250 3,010 110
3 V3EN Fgane Hida
2 576 4.86 46 110 69,280 169,680 111,770 22,000 2,830 110
Anay 59,140 137,640 115,345 25,625 2,920 110
w33 gludalnfived 1 105 5.00 92 27 34,500 95,349 63,333 11,900 1213 40
! 1eUA Aanames $1fia
2 105 6.90 90 17.4 45,475 134,400 81,720 19,100 1,890 44
Anay 39,988 114,875 72,527 15,500 1,552 42
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2 A v = . o o o o H o a « eavleSa
. A asendy | sanmslva | qamighl | mmiildh filed dloa voudsazaeh | veaudauvivaes | ey .
ey ¥olsaau o . ey - . . navaa
feeha (@U.3/ %) e (ms/cm) @n./a.) @n.Ja) NavuA @n./a.) NavuA @n./a.) @n./a.)
(un./a.)
1 550 4.66 64 75 65,000 170,000 118,950 24,200 3,190 130
5 U5EN uhFe e
2 550 441 62 100 56,860 180,070 120,570 17,700 1,450 90
ﬂ'naﬁsn 60,930 175,035 119,760 20,950 2,320 110
LE S wereTer i 1 340 4.85 90 35.5 45,000 168,720 111,190 11,300 1,480 70
° N
(WA ﬁll) 2 340 4.63 92 18.1 39,600 155,100 79,970 14,300 1,650 54
Anay 42,300 161,910 95,580 12,800 1,565 62
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S 4« v = . e a5 o H o a s ol
. 4 asaidy | danimslva | ganigi | manlilih iled Flof voudsazanenin | veswdawwruaes | WAdu | o
any yolssam " . ey = s s Janwiun
A20819 (@U.N/TH) ¢C) (ms/cm) @n./a.) ®in./a.) NIKUA (NN./0.) NIKUA (NN./0.) wn.J/a.)
an./a.)
Vit ogova ol 1 19,500 5.47 39 1.4 950 1,590 1,670 730 17 1
1 ,
oUANAT 1INA (WA 2 19,500 7.87 40 1.1 870 3,560 1,180 1,390 48 2
Anay 910 2,575 1,425 1,060 33 15
LSS Tsemunszau iy 1 4,900 7.20 38.5 3.49 1,080 3,360 4,190 2,830 22 0
2
nan vina 2 6.46 37 iyl 1,370 3,280 1,400 710 30 11
Anay 1,225 3,320 2,795 1,770 26 6
a o 4
s Tnanunnles 1 3,000 6.76 41 27 2,280 3,360 3,020 1,530 22 1
3 P00 (UNIHU)
(Mayif) 2 3,000 6.10 40 3.1 2,370 4330 3,490 1,240 ) 6
AuRdY 2,325 3,845 3,255 1,385 32 4
LS SumeulSinal 1 3,000 5.33 41 2.8 2,500 4,560 2,850 2,240 34 2
4 ‘1J d o w
o3 1na 2 3,000 6.94 40 6.35 2,600 5,600 32,000 3,600 34 3
AuRdY 2,550 5,080 17,425 2,920 34 3
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2 A v = . o o o o H o a « oavle
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120819 (QU.3/IM) CC) (ms/cm) wn./a.) n./a.) NIKUA (Wn./a.) NIKUA (Wn./a.) wn./a.)
@n./a.)
N NN 1 10,000 5.81 42 2.94 2,300 4,970 4,520 2,280 40 10
5
908
2 10,000 6.76 40 2.7 1,760 3,230 4,270 1,270 17 8
Anay 2,030 4,100 4,395 1,775 29 9
SE i wdens ilalled 1 3,500 6.80 38 4.5 640 2,600 5,600 600 14 4
6
908
2 3,500 6.70 40 4.81 840 1,780 5,460 720 20 1
Anay 740 2,190 5,530 660 17 2
a o o
s Tnanunnles 1 8,500 6.25 40 3.4 1,550 5310 3,410 2,850 34 3
7 1A (WHITU)
s 2 9,804 6.32 39.17 2.17 1,250 3,560 2,710 2,040 22 1
Anay 1,400 4,435 3,060 2,445 28 2
SE i gemas iy 1 13,440 6.92 39 2.32 1,240 2,590 2,430 800 28 1
8
AATIMNTTN 10A
: 2 13,440 7.01 40 1.85 1,430 3,330 2,910 1,270 25 1
Anay 1,335 2,960 2,670 1,035 27 1
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fdfy Yolssau L, B oy - . . Savianun
faedhe | (aua/iw CO) (ms/em) @n/a) | nsa) | Vanue insa) | Vanua unJa) | (nJa)
(un.J/a.)
1 10,000 7.60 40 151 950 4,670 1,860 8,440 2 1
9 uSEn uesmAada $iia
2 10,000 8.11 39 5% 870 3,400 1,270 4,580 28 1
Aunde 910 4,035 1,565 6,510 25 1
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Taalumsiieaulilsunsy Microsoft Excel

Private Sub cmdClear Click()
ClearForm
End Sub
Private Sub ClearForm()
If ActiveSheet.Name <> "sheet]" Then Worksheets("sheet1").Activate
For Each o In Controls
Select Case TypeName(0)
Case "TextBox", "OptionButton"
o.Value=""
End Select
Next o
txtSS.SetFocus
End Sub
Private Sub cmdExit_ Click()
Unload Me
End Sub
Private Sub cmdRun_Click()
SS1
End Sub
Private Sub SS1()
If txtSS.Value < 4000 Then
If txtCOD.Value > 1500 And txtCOD.Value < 60000 Then
If txtFOG.Value < 1000 Then
txtRes. Text = _

"COD Load =" & CODLoad() & "kg/day

"Anaerobic Attached Growth Process: AF/AFF(OLR1-10kgCOD/m3-d)" &

"% COD removal = 70-95%; Effluent COD =" & CODeff2(txtCOD) & "mg/L" & _

"&_
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typeC4(obSta, obInf, obPP) & "Anaerobic Sludge Blanket Process:" &
" -Low Rate: Anaerobic Covered lagoon (OLR 0.5-10kgCOD/m3-d)" &
"% COD removal = 50-85%; Effluent COD =" & CODeff3(txtCOD) & "mg/L" &
typeC3(obSta, obInf, obPP) &
" -High rate: UASB (OLR 5-20kgCOD/m3-d); ABR (OLR 5-20kg/m3-d)" & _
"% COD removal = 80-95%; Effluent COD =" & CODeff2(txtCOD) & "mg/L" &
typeC2(obSta, obInf, obPP)
Elself txtFOG.Value >= 1000 Then
txtRes. Text=_"COD Load =" & CODLoad() & "kg/day " &
"Anaerobic Sludge Blanket Process: Anaerobic Covered lagoon (OLR 0.5-1.0kg/m3-
d)" & "% COD removal = 50-85%; Effluent COD =" & CODeff3(txtCOD) & "mg/L" &
typeC3(obSta, oblnf, obPP)
End If
Else
CODI
End If
Else
SS2
End If
End Sub
Private Sub SS2()
If txtSS.Value >= 4000 And txtSS.Value < 6000 Then
CODI
Else
SS3
End If
End Sub
Private Sub SS3()
If txtSS.Value >= 6000 Then
If txtCOD.Value >= 8000 And txtCOD.Value < 180000 Then
If txtCOD.Value > 80000 Then
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txtRes. Text= _
"COD Load =" & CODLoad() & "kg/day "&
"Anaerobic Contact Reactor" & _
typeC5(obSta, obPalm, obWhi)
Elself txtCOD.Value <= 80000 Then
txtRes. Text=
"COD Load =" & CODLoad() & "kg/day "&
"CSTR (OLR~1-6kgCOD/m3-d)" &
"Anaerobic Contact Reactor (OLR~1-8kgCOD/m3-d)" &
typeC5(obSta, obPalm, obWhi)
End If
Else
txtRes.Text= _
"Cannot be use" & _
typeCl
End If
Else
txtRes. Text = _
"Please in put SS, COD and FOG"
End If
End Sub
Private Sub COD1()
If txtCOD.Value >= 1500 And txtCOD:Value <.115000 Then
If txtFOG.Value < 1000 Then
txtRes. Text= _
"COD Load =" & CODLoad() & "kg/day "&
"Anaerobic Sludge Blanket Process:" & _
" -Low Rate: Anaerobic Covered lagoon (OLR 0.5-10kgCOD/m3-d)" &
"% COD removal = 50-85%; Effluent COD =" & CODeff3(txtCOD) & "mg/L" & _
typeC3(obSta, obInf, obPP) &
" -High rate: UASB (OLR 5-20kgCOD/m3-d); ABR (OLR 5-20kg/m3-d)" & _



"% COD removal = 80-95%; Effluent COD =" & CODeff2(txtCOD) & "mg/L" & _

typeC2(obSta, oblnf, obPP)
Elself txtFOG.Value >= 1000 Then
txtRes. Text = _

"COD Load =" & CODLoad() & "kg/day

122

"Anaerobic Sludge Blanket Process: Anaerobic Covered lagoon (OLR 0.5-1.0kg/m3-

d)" & "% COD removal = 50-85%; Effluent COD =" & CODeff3(txtCOD) & "mg/L" & _

typeC3(obSta, obInf, obPP)
End If
Else
txtRes.Text = _
"Cannot be use" &
typeCl
End If
End Sub
Public Function CODLoad() As Long
CODLoad = (txtFlo * txtCOD) / 1000
End Function
Public Function CODeff2(ByVal txtCOD As Long) As Long
CODeff2 = txtCOD * (1 - 0.9)
End Function
Public Function CODeff3(ByVal txtCOD As Long) As Long
CODeff3 = txtCOD * (1 - 0.7)
End Function
Public Function CODeff51(ByVal txtCOD As Long) As Long
CODeff51 = txtCOD * (1 - 0.8)
End Function
Public Function CODeff52(ByVal txtCOD As Long) As Long
CODeff52 = txtCOD * (1 - 0.6)

End Function
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Public Function CH4pro2(ByVal obSta As Boolean, ByVal obInf As Boolean, ByVal obPP As
Boolean) As Long

If obSta = True Or obInf = True Then

CH4pro2 = txtCOD * 0.3 * 0.9

Elself obPP = True Then

CH4pro2 = txtCOD * 0.25 * 0.8

End If
End Function
Public Function CH4pro3(ByVal obSta As Boolean, ByVal obInf As Boolean, ByVal obPP As
Boolean) As Long

If obSta = True Or obInf = True Or obPP = True Then

CH4pro3 = txtCOD * 0.2 ¥ 0.7

End If
End Function
Public Function CH4pro4(ByVal obSta As Boolean, ByVal obInf As Boolean, ByVal obPP As
Boolean) As Long

If obSta = True Then

CH4pro4 = txtCOD * 0.32 * 0.9

Elself obInf = True Then

CH4pro4 = txtCOD * 0.31 * 0.9

Elself obPP = True Then

CH4pro4 = txtCOD * 0.27 * 0.8

End If
End Function
Public Function CH4pro5(ByVal obSta As Boolean, ByVal obPalm As Boolean, ByVal obWhi
As Boolean) As Long

If obSta = True Then

CH4pro5 = txtCOD * 0.3 * 0.8

Elself obPalm = True Then

CH4proS5 = txtCOD * 0.25 * 0.6

Elself obWhi = True Then
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CH4pro5 = txtCOD * 0.32 * 0.6
End If
End Function
Public Function typeC1() As String
typeCl = _
"This wastewater is not suitable treatment by Anaerobic Treatment Process or" &
"The Anaerobic Treatment Process is not the suitable system for treating this wastewater" &
"Cause:" & _
"-COD concentrations lower than 1,500 mg/L may produce insuficient” & _
" quantities of Methane to heat for production process" &
"-COD concentration greater than 180,000 mg/L are need to pre-treatment" &
" due to failure system."
End Function
Public Function typeC2(ByVal obSta As Boolean, ByVal obInf As Boolean, ByVal obPP As
Boolean) As String
If obSta = True Then
typeC2 = "Starch wastewater expected” &
"CH4 Yeild = 0.24-0.30 m3/kgCOD removed" & _
"% CH4 =60-70"& -
"CH4 productivity =" & CH4pro2(obSta, obInf, obPP) & "m3"
Elself obInf = True Then
typeC2 = "Instant-food wastewater expected" & _
"CH4 Yeild =0.29-0.33 m3/kgCOD removed" &
"% CH4 =64-88" &
"CH4 productivity =" & CH4pro2(obSta, oblnf, obPP) & "m3"
Elself obPP = True Then
typeC2 = "Pulp and Paper wastewater expected" &
"CH4 Yeild = 0.23-0.27 m3/kgCOD removed" & _
"% CH4 =60"&

"CH4 productivity =" & CH4pro2(obSta, oblnf, obPP) & "m3"
End If
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End Function
Public Function typeC3(ByVal obSta As Boolean, ByVal obInf As Boolean, ByVal obPP As
Boolean) As String
If obSta = True Then
typeC3 = "Starch wastewater expected" &
"CH4 Yeild = 0.20-0.25 m3/kgCOD removed" &
"% CH4 =60-70" & _
"CH4 productivity =" & CH4pro3(obSta, obInf, obPP) & "m3"
Elself obInf = True Then
typeC3 = "Instant-food wastewater expected" &
"CH4 Yeild = 0.20-0.27 m3/kgCOD removed" &
"% CH4 =64-88"&
"CH4 productivity ="' & CH4pro3(obSta, obInf, obPP) & "m3"
Elself obPP = True Then
typeC3 = "Pulp and Paper wastewater expected" &
"CH4 Yeild = 0.20 m3/kgCOD removed" &
"% CH4 =60"& _
"CH4 productivity =" & CH4pro3(obSta, obInf, obPP) & "m3"
End If
End Function
Public Function typeC4(ByVal obSta As Boolean, ByVal obInf As Boolean, ByVal obPP As
Boolean) As String
If obSta = True Then
typeC4 = "Starch wastewater expected" & _
"CH4 Yeild = 0.30-0.35 m3/kgCOD removed" &
"% CH4 =60-75"& _
"CH4 productivity =" & CH4pro4(obSta, obInf, obPP) & "m3"
Elself obInf = True Then
typeC4 = "Instant-food wastewater expected" &

"CH4 Yeild = 0.31-0.35 m3/kgCOD removed" & _

"% CH4 =68-70"&
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"CH4 productivity =" & CH4pro4(obSta, obInf, obPP) & "m3"
Elself obPP = True Then
typeC4 = "Pulp and Paper wastewater expected" &
"CH4 Yeild = 0.27-0.29 m3/kgCOD removed" & _
"% CH4 =60-70" & _
"CH4 productivity =" & CH4pro4(obSta, obInf, obPP) & "m3"
End If
End Function
Public Function typeC5(ByVal obSta As Boolean, ByVal obPalm As Boolean, ByVal obWhi As
Boolean) As String
If obSta = True Then
typeC5 = "Starch wastewater expected” &
"% COD removal = 60-90%;  Effluent COD =" & CODeff51(txtCOD) & "mg/L" & _
"CH4 Yeild = 0.24-0.30 m3/kgCOD removed" & _
"% CH4 =60-70" & _
"CH4 productivity =" & CH4pro5(obSta, obPalm, obWhi) & "m3"
Elself obPalm = True Then
typeC5 = "Palm oil mill wastewater expected" &
"% COD removal = 60%; Effluent COD =" & CODeff52(txtCOD) & "mg/L" &
"CH4 Yeild = 0.25 m3/kgCOD removed" & _
"% CH4 =60-70"& _
"CH4 productivity =" & CH4pro5(obSta, obPalm, obWhi) & "m3"
Elself obWhi = True Then
typeC5 = "Whisky wastewater expected” & _
"% COD removal = 60-80%; Effluent COD =" & CODeff52(txtCOD) & "mg/L" &
"CH4 Yeild = 0.20-0.32 m3/kgCOD removed" & _
"% CH4 =60"&
"CH4 productivity =" & CH4pro5(obSta, obPalm, obWhi) & "m3"
End If

End Function
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. @n/a) | @n/a) | (unJa.) e e a - ad .
(@u.a/7u) Madleq Faangniida)
V3t Twsiler ansy Anacrobic Sludge Blanket Process 8095 0.24 - 0.30
1 4. 3,900 9,230 2,630 2,205
maTulag 910a Anaerobic Attached Growth Process 70 - 95 0.30-0.35
2 V5 uilafunwdug $1ia 2,500 31,140 6,830 4,935 | Anaerobic Sludge Blanket Process 80— 95 0.24-0.30
3 USHM funySamsy siia 3,000 22,095 5,695 4380 | Anaerobic Sludge Blanket Process 8095 0.24-0.30
4 VTHN gATiNFa 3119 2,000 29,055 6,470 5320 | Anaerobic Sludge Blanket Process 8095 0.24 - 0.30
U3 gaamnssuudlaiu
5 “ e e 3,000 27,870 6,550 8,180 Anaerobic Suspended Growth Process 60 —90 0.24 - 0.30
FIUAUT 1NA
6 V3EN 1 10% unaidn 11 4,800 11,330 5,090 6,900 | Anaerobic Suspended Growth Process 60—90 0.24-0.30
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a1y ‘ﬂﬁiix‘l\‘ﬂu ul?‘iﬁ ulslllll! ﬂi%!ﬂﬂiZH‘UUTUGI‘NHﬁEJ ﬂigﬁﬂﬁjﬂw PINN (AV.N./DNDN.
L | @nsa) | @insa) | @inga) R
(@1 %) (un./a.) msMIndlen cﬂaﬂﬂgnmi}ﬂ)
Uszinnwanaduai laun inTesauidnaa lfulsg wazwa linsziloq
UTEN 51Wﬁﬂﬂff Anaerobic Sludge Blanket Process :
1 2w 600 9,220 3,040 2,020 1,238 50-85 0.20-0.25
TN I¥aFe 3119 Covered lagoon
V3TN IouMin Anaerobic Sludge Blanket Process 80-95 0.29-0.33
2 » N Y @ 1,000 23,565 4,520 640 93
dudzsansziles $ina Anaerobic Attached Growth Process 70 -95 0.31-0.35
v3Em héaurlane Anaerobic Sludge Blanket Process 8095 0.29 - 0.33
3 1 e 1,600 5,035 1,885 205 489
5 (1989) 31nA Anaerobic Attached Growth Process 70 — 95 0.31-0.35
UTEN Z’ffﬂllﬁ‘]ﬁﬁ Anaerobic Sludge Blanket Process 80-95 0.29-0.33
4 Ve 250 13,720 9,635 66 &
PATINNITU 91NA Anaerobic Attached Growth Process 70-95 0.31-0.35
v3En Al 1AYad Anaerobic Sludge Blanket Process 8095 0.29-0.33
5 Y o 2,680 10,880 5,900 600 69
(ﬂizmﬁvl‘ﬂ 8) 91NA Anaerobic Attached Growth Process 70 - 95 0.31 -0.35
UTHN QAEIUANITY
. Anaerobic Sludge Blanket Process 80-95 0.29-0.33
6 dudesanszileding 2,000 6,890 4,040 380 148
e Anaerobic Attached Growth Process 70 -95 0.31-0.35
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A COD TDS SS v
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any "Iﬁ?ﬂix‘l\ﬂu vlﬁﬁ ‘hmu ﬂszmmz‘uuumﬂmmﬂ ﬂigﬁﬂﬁjﬂw PFINMNW (AV.N./DDN.
L | @nsa) | @na) | (g e ae A -~ ad
@u.4/7Y) (un./a.) msMIndlen cﬂaﬂﬂgnmi}ﬂ)
VTHN dew
PATIMNTTUNINHAT Anaerobic Sludge Blanket Process 80-95 0.29-0.33
7 3 4 2,500 3,310 850 270 66
ﬁuﬂzsmmzauq Anacrobic Attached Growth Process 70 — 95 0.31-0.35
Nna
a o a o 4
V3 Inondadae
o oA Anaerobic Sludge Blanket Process 80-95 0.29-0.33
8 Fuilzsauazmaliou 1,200 2,840 1,015 665 60
. Anacrobic Attached Growth Process 70 — 95 0.31-0.35
9 N9
Uszinnwaaduad 1dun damuinsiles ernsnziausuda wazemsnsziloanlsgl
e A 9 oe e Anaerobic Sludge Blanket Process 80-95 0.29-0.33
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Anaerobic Attached Growth Process 70-95 0.31-0.35
V3EM Usryilawmd Anaerobic Sludge Blanket Process 80— 95 0.29 - 0.33
10 e 800 3,780 2,425 190 95
91049 Anaecrobic Attached Growth Process 70 — 95 0.31-0.35
e oo te o Anaerobic-Sludge Blanket Process 80-95 0.29-0.33
11 UIHYN AIIVIT 1NA 640 6,965 3,890 1,335 90
Anacrobic Attached Growth Process 70 — 95 0.31-0.35
U3 Tdvand 0.29-0.33
- Anaerobic Sludge Blanket Process 80-95
12 PATINNITUNITHNAA 2,400 4,075 1,815 810 o 0.31-0.35
. Anaerobic Attached Growth Process 70 — 95
1NN
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9MIIM3 IREEYITE Souazved oA IMIINANIY
.o 4 COD TDS ss y A o .
anay mﬂiwm "lﬂﬁ ul“llN‘I-! ﬂiZAﬂﬂiZ‘U‘UUHJﬂ‘iﬂ!ﬁﬂ ﬂi%i’l"ﬂﬁcﬂ1w FIMNW (AaV.N./DN.
. (wn/a) | un/a) | (wnJ/a) e e -~ ad .o
@u.4/7Y) n./a.) msMdndlen cﬂaﬂﬂgnmi}ﬂ)
UTHN de1uF01115 Anaerobic Sludge Blanket Process 8095 0.29 - 0.33
13 . o 1,800 6,210 3,515 1,265 %
a41Na 31NA Anacrobic Attached Growth Process 70 - 95 0.31-0.35
UTHN nsellaea uau
2 . Anaerobic Sludge Blanket Process 80-95 0.29-0.33
14 iIN] (ﬂismﬁ”lﬂa) 1NA 1,500 3,120 1,785 595 B
Anaerobic Attached Growth Process 70 - 95 0.31-0.35
(UHIYU)
Usznnwaadust dun Haadasiu
4 . Anaerobic Sludge Blanket Process 80-95 0.29-0.33
15 UIHN LATNAT 31NA 1,450 2,805 1,960 164 88
Anaerobic Attached Growth Process 70 - 95 0.31-0.35
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9NN alunaz Jouazves ansimstnamas
A COD TDS SS v
o U w o U o =S a a =
any ‘Iﬁﬂi\‘l\ﬂu vlﬁﬁ ul“ll?»l‘ln! ﬂi%!ﬂﬂi%ﬂu“ﬂTﬂﬂu“ﬁﬂ ﬂigﬁﬂﬁjﬂw PFINMNW (AV.N./DDN.
L | @nsa) | @na) | (g e ae A -~ ad
@u.4/7Y) (un./a.) msMIndlen cﬂaﬂﬂgnmi}ﬂ)
U3t indahay Anaerobic Suspended Growth Process
1 Ve 375 101,210 26,855 48,250 5,400 60 —90 0.25
(2521) 21n@ : Anaerobic Contact Reactor
v5¥n Tnemlas Anaerobic Suspended Growth Process
2 . v e o 352 108,940 27,730 53,750 6,050 60 —90 0.25
LDUADDYR VINA : Anaerobic Contact Reactor
VTHN angAaInnIIy
v v e Anaerobic Suspended Growth Process
3 Hiiuthaw 9104 475 98,155 31,575 31,275 7,950 60 —90 0.25
: Anaerobic Contact Reactor
(UNITU)
UTHN ﬁ?m?ﬂluﬂﬁ{ll Anaerobic Suspended Growth Process
4 v o 515 66,665 23,660 25,000 4,500 60 —90 0.25
2080 91NA : CSTR, Anaerobic Contact Reactor
V3t aouTuasy Anaerobic Suspended Growth Process
5 v e e 452 88,730 31,835 22,525 3,600 60 —90 0.25
1hau $1a : Anacrobic Contact Reactor
U5HN 1od.i.10.02 Anaerobic Suspended Growth Process
6 o ave o 480 89,170 19,260 57,020 4,600 60 -90 0.25
Tnsouadaasa 9109 : Anaerobic Contact Reactor
U5HN asuihmuilhay Anaerobic Suspended Growth Process
7 e 380 43,915 21,365 17,000 3,250 60 —90 0.25
21NA : CSTR, Anaerobic Contact Reactor
V3TN Wunadiy Anaerobic Suspended Growth Process 0.25
8 v e e 365 75,845 34,075 21,850 2,770 60 —90
1haw $11a : CSTR, Anaerobic Contact Reactor
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118w (1993) $1iia

: CSTR, Anaerobic Contact Reactor
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. o A COD TDS SS Y. o ¥ oA ﬂi%ﬁﬂﬁﬂﬂ/‘l PFIMW (V. N./
a ¥olssau va v Uszanszuuihtiasinae e e a e ad
. @n/a) | @nsa) | n/a) msmandlen nn. Flodtign
(@u.1/3u) (nn./a.) -
719A)
UTHN gﬁ‘ﬂﬁﬁl UAEANI Anaerobic Suspended Growth Process
9 Y e 1,035 72,830 25,455 19,640 6,500 60 —90 0.25
1NN : CSTR, Anaerobic Contact Reactor
V3T Manauhdu Anaerobic Suspended Growth Process
10 v . o 221 97,465 40,145 25,475 7,100 60 —90 0.25
HIWUYATINNITY 910A : Anaerobic Contact Reactor
FUUNANNIT Al Anaerobic Suspended Growth Process
11 P a0 e 480 94,350 27,060 44,350 4,710 60 -90 0.25
thawihdunszd 91na : Anaerobic Contact Reactor
YTHN aoﬁ;N @szme) Anaerobic Suspended Growth Process
12 Y e 195 84,915 30,515 19,125 6,900 60 —90 0.25
109 (UHIFU) : Anaerobic Contact Reactor
AnATAHANNEIA Y Anaerobic Suspended Growth Process
13 . o 1,220 80,805 =,195 22,050 13,800 60 —90 0.25
91NA : Anaerobic Contact Reactor
UTEN ﬁ%ﬂﬁ]ﬁ?ﬂﬂiin Anaerobic Suspended Growth Process
14 v v e e 240 71,205 16,155 19,950 9,500 60 -90 0.25
1iuihay 3na 1 CSTR, Anaerobic Contact Reactor
VTN inda 1 Anaerobic Suspended Growth Process
15 272 75,200 28,360 26,150 1,340 60 —90 0.25
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v o A COD TDS SS E o P oA ﬂsza‘nﬁmw PFIMW (V. N./
iy ¥olysau via i Uszanszuuihiasinae e e A - ad
. @n/a) | @nga) | @nJ/e.) MIMIndlen nn. Flodtign
(av.4/Y) ®n./a.) .
M)
UTHN qUaNsg ol it Anaerobic Suspended Growth Process
16 . 157 78,490 24,845 36,735 4,950 60 -90 0.25
1haw 3104 : CSTR, Anaerobic Contact Reactor
—e A 2. . Anaerobic Suspended Growth Process
17 UTEN NTU NADT 1NA 240 88,220 30,315 12,065 6,250 60 -90 0.25

: Anaerobic Contact Reactor
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N3N {onazvog NIIMSINAM Y
a1y ‘]5?]15\1\111! vl‘l’iﬁ ﬂizmmzuuumﬂmma ﬂi%ﬂﬂﬁﬂﬂ/‘lﬂ1i PFINN (AV.N./DNDN.
L | @) | @asa) | @n/a) e ae A ~ ad W
(@u.3N/3Y) Mdndlen Flodfignindm)
ao Anaerobic Sludge Blanket Process 60— 80 0.30-0.32
1 Tswmqmmwmu 1,200 19,535 985 98
Anaerobic Attached Growth Process 60 — 80 0.30-0.32
UTHN 94AMIYI AW
a o Anaerobic Suspended Growth Process
2 TITWAIUA 1NA 600 127,850 91,710 17,975 60 — 80 0.20-0.32
- : Anaerobic Contact Reactor
(RFUNT)
o A “ e Anaerobic Suspended Growth Process
3 UTEN FUIFTND 91NA 576 137,640 115,345 25,625 60 — 80 0.20-0.32
: Anaerobic Contact Reactor
YTHN glluLaﬂ]l’JﬁLuﬁ Anaerobic Suspended Growth Process
4 - - Ve o 105 114,875 72,527 15,500 60 — 80 0.20-0.32
UDUA ATNALDDT VINA : Anaerobic Contact Reactor
e Ae e Anaerobic Suspended Growth Process
5 UTEN UNYY 31NA 550 175,035 119,760 20,950 60 — 80 0.20-0.32
: Anaerobic Contact Reactor
V5HN ua law $1ia Anaerobic Suspended Growth Process
6 340 161,910 95,580 12,300 60 — 80 0.20-10.32
(Ung 1 ) : Anaerobic Contact Reactor
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oNIMI $ouazved 9N IMIINANIY
o U 4’ COD TDS SS o U : =S a a =
nau ¥olsanu va szanszuvihtainge szansmnms ¥ININ (AV.N./DN.
. xn./a.) *n./a.) An./a.) e ac A - ad o
(@u.3N/3Y) Mdndlen Flodfignindm)

v5Hm ayawa fanl Anaerobic Sludge Blanket Process 8095 0.23-0.27

1 o 2. 19,500 2,575 1,425 1,060
UATNT 1NA (UNI1FU) Anaerobic Attached Growth Process 70 —-95 0.27-0.29
V3 T5aunszapiiyg Anaerobic Sludge Blanket Process 80-95 0.23-0.27

2 . o 4,900 3,320 2,795 1,770
NAN 1NA Anaerobic Attached Growth Process 70 - 95 0.27-0.29
V3t Inanulnles i Anaerobic Sludge Blanket Process 80-95 0.23-0.27

3 - 3,000 3,845 3,255 1,385
@Y (MuIUYT) Anaerobic Attached Growth Process 70 — 95 0.27-0.29
V3t dumesulFan) Anaerobic Sludge Blanket Process 80— 95 0.23-0.27

4 o 3,000 5,080 17,425 2,920
1Wes $ina Anaerobic Attached Growth Process 70 — 95 0.27-0.29
Uit e lulnles Anaerobic Sludge Blanket Process 8095 0.23-0.27

5 . o 10,000 4,100 4,395 1,775
91NN Anaerobic Attached Growth Process 70 - 95 0.27-0.29
V3t umnFeasillnles Anaerobic Sludge Blanket Process 80-95 0.23-0.27

6 Y o 3,500 2,190 5,530 660

1NN Anaerobic Attached Growth Process 70 - 95 0.27-0.29
v3tm Ineaunln)es Anaerobic Sludge Blanket Process 80— 95 0.23-0.27

7 . Y. 8,500 44435 3,060 2,445
A (Wmww) 5uys) Anaerobic Attached Growth Process 70-95 0.27-0.29
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. Soaaz o oI IMSINAMN Y
. B dnsimslvia | COD TDS ss Lo A .
feu o153 . szianszuumitiainge Uszansow | Famw (@u.a/nn.
(@U.NAY) (ND./a.) (Hn./a.) (10./a.) e e a ol
msmandlen Flodfignindm)
V3TN oAz Anaerobic Sludge Blanket Process 80— 95 0.23-0.27
8 o 13,440 2,960 2,670 1,035
PATIVNTTN 91NA Anaerobic Attached Growth Process 70 - 95 0.27-0.29
Y o w a <3
#9919 A1S VI vD T IVIUADEY
Aa o o Y Y 1 = 9
VTHN wesmAdda ponneUIIT T %
9 . 10,000 4,035 1,565 6,510 - -
e

- Anaerobic Sludge Blanket Process

- Anaerobic Attached Growth Process
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