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PRASIT SRINAKORN : BIOGAS PRODUCTION FROM SHRIMP
CULTURE POND SEDIMENT BY ANAEROBIC DIGESTION. THESIS
ADVISOR : ASSOC. PROF. FLT. LT. KONTORN CHAMNIPRASART,

Ph.D., 225 PP.

MASS BALANCE EQUATION, ANAEROBIC DIGESTION, BIOGAS PROCESS,

SYSTEM IDENTIFICATION AND ARTIFICIAL INTELLIGENCE

Shrimp culture pond sediment is waste in marine shrimp cultures which
produce BOD, COD and Electric Conductivity higher than 500 mg/I, 3,000 mg/l and 8
ms/cm, respectively. Biochemical properties of the sediment have different organic
matter quantities depending on the shrimp cultures which is generally black sludge.
This sediment can affect the environment when discharged into the surrounding areas,
especially in mangrove areas. In this study, the shrimp culture pond sediment was
used as a renewable energyand to reduce effects of the environment. The sediment
was used to produce biogas by anaerobic digestion system in a batch bioreactor. The
experiments were including, the normal sediment fermentation, the co-fermented
sediment with 10% molasses, the co-fermented sediment with 10% urea, the different
ratio of co-fermented sediment with 4%, 8% and 12% molasses, the different ratio of
co-fermented sediment with 5%, 10% and 20% pig manures, the fermentation with
and without stirring, and the biogas production for using in a household. The results
showed that the co-fermented with 20% pig manure could produce the highest amount
of biogas at 0.00415 m%kg or 1.01 /g COD removal and the methane yield was
68.89%, the heating value was 30.23 MJ/kg . The system could reduce BOD and COD

at 84.76% and 45.36%, respectively. The non-stirring system could produce biogas



higher than in the stirring system which were 0.00027 m®kg and 0.000163 m®/kg,
respectively. The biogas production from the co-fermented with 20% pig manure for
using in a household could produce biogas at 0.00427 m*/kg that were sufficient for a

farmer household which has members about 3-4 people using biogas about 0.54 m*/d.
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a a o {
‘]Jiiﬂﬂ.!NaWﬁ@]ﬂ"l“]i%’mi‘i/‘l‘ﬂ§$3J"Imllﬁjﬁliﬂﬁllﬂ"li‘ﬁ 2.16

Q = kyuX
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v Fl
Y =

[ a a a (Y] a 4 1
’E]G]i1ﬂ"lil“’l]iillum‘uIWU@\11].61'Ll‘VIiEJ‘L!‘L!%%GIJ‘L!’E]Qﬂ‘]Jﬂ’J'lllL%ll%ﬂﬂJ@Qﬁ"li@ﬂ%%ﬂ (S), A

I I 1 a a a ®
anuilunsadluans (pH), gaungil (T) uazdsmmmsianadinim (Q) aunsalszumla

NNAUNTN 2.17

u® = uSupEH M) ...

4 a

@ o o 1 a a a Y] 4 9
ﬂ’JnJ'ﬁll‘W‘Ll‘ﬁ53W’31\1ﬂ'lﬁH]'iilulmllTﬁﬂ]ﬂﬂﬂﬁuﬂ%ﬂﬂﬂﬁ1i@uﬂgﬂﬂiZZJ'lmhlﬂﬁ]'lﬂﬁllﬂ1i

V99 Monod law (Monod, 1942) @4@un157 2.18

MmaxS
_.|_

u(s) = ks + 9

v o ' Aa Aa a Ao I I 1 Y
ﬂ'JTJJﬁlI‘W‘L!‘ﬁﬁzﬁ'J'NﬂTilfﬂﬁﬂluW]‘UT@]qJ@Qﬂau‘ﬂﬁﬂﬂ‘ﬂﬂ'JHJLﬂuﬂﬁﬂlﬂuﬂ’NﬂﬁglJ'lﬂlblﬂ

ANTUNITUDN Parabolic law (Rozzi, 1984) AaEAUNITN 2.19

w(pH) = a(pH)? + b(pH) + ¢

[

v o ' a a a ~ J a
ﬂ’Nilﬁ'iJWHﬁ’igﬁ’JNﬂﬁli]iiUUWIUIWU’ENﬂauTIiEJ ‘UQ‘EMﬂﬂ“nﬂi$3J1mul@9]’i]1ﬂﬁ3Jﬂﬁﬂl’éN

Arrhenius-type law (Topiwala and Sinclair, 1971) A9euM37 2.20

W(T) = a;exp(—E;/RT) — a,exp(—E,/RT) — a3

Y]

v o ' a a a J a
ﬂ’J']ﬂJﬁlIWHﬁi%W'J'Nﬂ'lilﬂiiymﬂi@m’f]ﬂﬂﬁuﬂ?ﬂ ﬂNﬂWﬁﬁﬂi$N1ﬂ‘lul€]}i]']ﬂﬁ1]ﬂ1i 2.21

_ ko
n(Q = kQ_+Q+ Q
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3.1.6.2 n3eadion 19 lumstszunams
1 [ a a( o a J 9
mMsdszuanmsamdulszansvessuudiasanienaiaeansoz e llsunsy
4
Matlab ttazidonldmsdummnouvesmidulszansaledsauuandanasny (GA) Tagld
~ & Ao ~ Y Y o o
aumIsi 2.11, 2.12, 2.16, 2.17, 2.18, 2.19, 2.20 uag 2.21 HUa5NA0IAUNIAINBUIIUIU

4 v
14 dutls madumsdulszansvosaumanaasaslugl 2.11 Tasmslddoyadunanla
a a 4 1 I~ I~ 1 a
nMInaasene Ysnaasdunsd  (s), manuwiunsailuaie (pH), gungi (T) uag
a o 3 o L] a Q‘{l [

HanaamMy3In N Q1) AU 1A TsunsuiimsUsznamdulszaniane Tasedons
[} 4 o [ a o [ 1 [ a Q( a {
nlSeumsumadnsveauuiaoInuTzUUTIwAaIMsUSuadulszans 19 I Tunamnian

o [ 1 1 4 09)1 a o
Mldmanuuana1szniueIdNANI@IanaIne KaRAANIFTININIINNITNARY Q1)
A @ o~ ) ° A & ~ v JAy Y
HAZNANAANFFININAINMIUTTINUMIAIELDUT AN ANAmMEns Q) azHaansh 1o

2 v
20n1U1A0 WamMsUszuamdulseansvesaumsng 14 duls

A A~
32 nsesdenlFlumsidu
A A 79 Yo v o KR &Y ! < ST
- gaATeIneNN NS Iedmsuunnnudeyavesamnnuilunsailuaia (pH),
a a a o =)
QUMY (T) nazlTnamsnanssInIn (Q)
d’ a 4 [ 9 o YY) 1 1 Y] v A
- 11304 pH Hmesuazi1 Insy pH lydmsuianazeuaives pH Tudanindinim
A I A J o v w A o sa 7qYo v w
- 195oUN0s Iuimes Wi lnsumoes lvAvlauaziid Insumesiames 15dmiuia
uazeumveguugil Tuduninmadinmuazgargiinouentaniin
- gadalSunamanamatinim wazmimesiuiuiusey ldmsuasiaians
a o =
AANEFININ

4 o @ a 7 I ® A
Lﬂ?ﬂﬂ Gas Chromatography (GO) 1%@1’1143“’3&?1513WL!Uﬂ@\iﬂﬂi$ﬂ@ﬂﬂlﬂ\iﬂ1‘ﬂf%’)ﬂ1w

@ v & = Y o [ &Y 1 dy Y A a o =
DNHUDDIFBINTN Gl“]fﬁ’lﬁiﬂﬁl]ﬂ@]$ﬂﬁ]ulﬁuﬁluﬂ@Laﬂﬂf}ﬁlW@Wa@ﬂ’]%%”)ﬂ’lW

v 3 W A Yo o & & A A a 9yyyq Y o A
NLDNUNIHEBININ 1%ﬁ1ﬂiﬂlﬂﬂﬂ1cﬁ%’3ﬂ1w1ﬂNﬁﬁvlﬂuhcl%ﬂi;\ifNﬂTiGlUﬂi’J!iﬁ)u
g o3 & A Yo v 3 O A A A o D] A o
- LN UDIEBINTN Gl%mmmﬂuﬂwmmwmmwmmmuaaﬁlﬂh@@"lﬂmm
o Y
m%!ﬂﬁﬂﬂﬁll
o (94 o % [V
- AN Glclgflfﬂﬂi‘uﬂqﬂhlrl/\'ﬂzﬂfﬂ?ﬂisluﬂiﬁﬁﬂu
A o @ A 4 A a4y X A 990 o o O A <
- ITONDANTIEBINTN Lﬂu!ﬂi@ﬂll’E]“I/]ﬁ’ﬂ\‘]eljuiﬂlwfﬂ“b’ﬁ1ﬂ'§‘ﬂf]ﬂﬂ1€]56]5’3ﬂWWﬁﬂﬂi]\ilﬂiJ

o P 3 J3 o A A o Yo A o o o Y
ﬂw"lﬂ”I,’ﬂumnqmﬂummwmwummmﬁlwmmmmw"lwaaaﬂ"lﬂmmmmﬂam@m



45

AVJ a W
3.3 YUADUNITIIVEY
= awv a o = ] dy Y [
MIANYIINIMIHAANSTINMIINAzno UL TULoIEeINT TaenszuIunsdosdaiy
Y
uuv1¥eenFnu ININAa0InINAZNoUEAURAIINTNAADIAI
33.1  mMsnaassrdinaznemaulni
Qs: csy I A o :/1 Ao ~
N15NAa09ATI Tl UAITISUNRINITNARDIATIUITNUDINITIVY Tael
[ S A = a a o = % 1 t:y Y
TagUszasamadnylTamanamssnmanmarinazneuau lulo@eans
3.3.1.1 uauinvedaznouEay
v Ay Aquoe A IR ¢ A v
aznouanluto@eadsnlgiinisnaaeansail Mwnnvhsu@eananga

YDUNBATNT TNURWHANW Sunodm Taniaase uazlinuauidneoundniadinwiaads

A
M1TNN 3.2

M13°99 3.2 puauiAvesngneuaulndneuriinmagann

AMANTAVDINZNOUIAUNDUNINMI BT ININ aznowuaulng
1. manuidlunsadluaig
7.7
(Positive potential of Hydrogen : pH)
2. Smae aianarua
139,859
(Total Solids : TS), (mg/1)
3. U5unavenivazateiianue
24,500
(Total Dissolved Solids : TDS), (mg/1)
4. 1Smave S uasenarun
112,200
(Total Suspended Solids : TSS), (mg/1)
5. USinmue i ziveriaviun
22,653
(Total Volatile Solids : TVS), (mg/1)
6. USNa1 v d9naf 19
139,603
(Total Fixed Solids : TFS), (mg/1)
7. ManudeinseendauialagIsainw
2,334
(Biological Oxygen Demand : BOD), (mg/1)
8. AINNADINITBBNTIAUIA TAsITIAN
7,840
(Chemical Oxygen Demand : COD), (mg/1)
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{ CZ ann v & '
A1519N 3.2 ﬂmﬁuummmﬂaumuﬂﬂ@maumﬂﬂw%amw (919)

AMANTAVDINZNOUIAUNDUNINMI BT INN aznouaulng

9. Tulasu
4,300
(Nitrogen : N), (mg/1)

10. oawesa

6.24
(Phosphorus : P), (mg/1)
11. Tddamaen
816.5
(Potassium : K), (mg/1)
12. M3VoU
42,700
(Carbon : C), (mg/1)
13. aUNIeing
73,500

(Organic Matter : OM), (mg/1)

3.3.1.2 4aN1inaany

k4
a o

[ v & [ a a [ % Y
- fandamadinn l¥danaraan PE ¥11a120 ans meludaninaadaii
o 1 I~ I~ 1 o o ' a
Twsviaaanuilunsailuag (pH) uazmiwsmﬂmqmwgu (T)
o |a o A Y o RN @ A a ny v
- ﬁlgﬂm’mmﬂimmﬂwmmw l¥nanmsunumitveamsinaald uayls
4 4 v o I 1Y o Aa a o =} o
MINR05 (Counter) HUTWIUTOUITUAINTIVIAYTUIMMTIAANIFTININ TIN5 L5A
o P 1T v = 4 a 3
uusen AN 1 seumduMaFInIN 15 ANVIANLFUALNAT (cm)
o =2 9 o =2 g ] A A s q Y .
- MIVUNNVDYA VUNNVDYAAIYIATOIADUNIUADT 1715050 Lab View

[ ' % 1 < I 1 a a a o
Gll!ﬂ']i'JﬂﬂHlag‘U‘Llﬁﬂ"’191163;11ﬁﬂlﬂﬂﬂWﬂ')TMlﬂuﬂiﬂlﬂuﬂWﬁ, Qﬂlﬁ{]llllﬁ%ﬂii]ﬁl!ﬂ?ﬁlﬂﬂﬂ']%

= o Y v 2 9 =
FINTN IﬂEIﬂ'l’I’iuﬂG],WI‘]JiLlﬂfill“]_luﬂﬂ%'ﬂialjﬁﬂﬂ 5 UIN favaANITNAaBN
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3.3.1.3 35M5MAa09
o 4 4 Y 1 [ v oY
aznewaui ldaninvhiudsidangavounsainilaasldludeminie
a a a [} a\ [ Y] 1 A $ 4 a 4
Fa0 U3na 80 a3 (109.6 0 1ansy) Uarhdamin iUy uazsuszUUNAT0INDUNUADS
Trhmsiiuiindeya szeznaiminaasamdn 1 fou
332 MINAABIHINAZNBUIAUNANMNINIAIANAZAZNBUIAUNANYISY
uaJ‘ dy 3 A A a a o = o
N5NADIATIN 1T UNITNAADUNDINVUTUIUNTINANIFFININ 1AsRINT
Y
HEuA I Rnaen 2 vl nfSeuiiounu Ao wauniniivia 10% (Silva etal, 2009) HAZHEL
g5 ludnsa v 10%
3.3.2.1 puantiaveInznoual
v Ay Aquoe & &4 o ¢ 2w
aznouan luto@eansnlgiinisnaaeansail Munnvhsu@eadanga
o a [y Iy Iy vAa 1 v &Y
wounbaing Mwan liuda dunedin Jandaass dauduiiavesngnouaunouninnes
= [ d'
FINNLAAIAIAIT N 3.3

Y

{ A o ~ ' o o =
GﬂiNﬁ 33 ﬂmﬁnummmﬂamauwaumﬂmmauagwaugﬁﬂﬂauﬁuﬂmcﬁmmw

o ' oo A - WaNMNIea | MaNgsy
AMANUAYDINZNBUIAUNBUTINNNIBY ININ ln@
10% 10%
1. manuidlunsadluaig
8.3 5.8 8.7
(Positive potential of Hydrogen : pH)
a < qu
2. USUUITINIHUA
57,035 131,423 104,689
(Total Solids : TS), (mg/1)
3. USuaveiivazaiei ey
15,500 123,600 78,000
(Total Dissolved Solids : TDS), (mg/1)
4. YSinaveaiiauiuaeianug
34,200 18,300 14,200
(Total Suspended Solids : TSS), (mg/1)
5. 1SIuve Tz ity
8,712 94,420 76,542
(Total Volatile Solids : TVS), (mg/1)
6. USNa1 v d9naf 19
45,941 45,180 24,318
(Total Fixed Solids : TFS), (mg/1)
7. MANNAoINIenFUIa Tne 3TN
735 41,963 396
(Biological Oxygen Demand : BOD), (mg/1)
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{ v 31 J v & 1
A1519N 33 ﬂmﬁuummmﬂaumumnmﬂmmauazwaugﬁﬂﬂauwuﬂﬂw%amw (919)

o Ve w oA . | waumniiea | wangisy
qmﬂu‘um‘uaamnaumunauﬁunmmmmw ‘IJfWI
10% 10%
8. MANNABINTONTIIUIA TAeITIAl]
) 6,227.2 105,084 3,697.4
(Chemical Oxygen Demand : COD), (mg/1)
9. luTasou
8,000 7,300 11,300
(Nitrogen : N), (mg/1)
10. Woawesed
191.19 213.7 136.89
(Phosphorus : P), (mg/1)
11. TdAamaen
) 1,233 9,405 1,361
(Potassium : K), (mg/1)
12. M3 UoU
56,300 87,300 47,700
(Carbon : C), (mg/1)
13. 9UNIBINY
] 96,900 150,100 82,100
(Organic Matter : OM), (mg/1)

3.3.2.2 4aN1inaany
9

@ v & [ a a [ % @
- ﬂ\jﬂllﬂﬂ’l“]f%')ﬂ’lwsl%ﬂ\‘lwa']ﬁﬁﬂ PE aU1@ 30 ang ﬂ’]flsluﬂ\‘]‘ﬁllﬂﬁﬂﬁ\iﬁﬁ
[ < I J Y o a
IWﬁU?ﬂﬂWﬂ?Tﬂlﬂuﬂﬁﬂlﬂuﬂqq (pH) uazﬁﬂwm’mmqmﬁ{]u (T)

[ a a o = 9 [ ~ gl 2 A A 9
- 51)"9]@]33%’3@‘]J3111mﬂ15!,ﬂﬂﬂ1“]56]53ﬂ”lw “l,waﬂﬂmmumuwmmmwa@%
4 =

9 J 4 v o IS @ [ a a o
Llﬁgsl“]ﬂ'ﬂ'l‘ﬂlﬁ]ﬂfi (Counter) ‘Lmmuauiamﬂumm’Ji]’mﬂimmmimﬂﬂwmmw Iﬂﬂ‘ﬂ’lﬂ’li

[ P v = J a 3
mmmuseu"lm 1 39UMNUMEFININ 10 @RUIANLEUANAT (cm’)

a

v KX 9 v = 9 1 I < 1
- NMTYUNNUBYAD Uuﬂﬂﬂlﬂy‘aIﬂfJﬂTii]ﬂﬂWﬂ’J”liJL‘]JL!ﬂim‘]JuﬂN, UNHN

u

o J J
URAZITHIUIBDUUDIUAINIADT ADDANTINAAD

v Y
jjﬂ‘l?l 33 Gljﬂﬂ'liﬂﬂaﬂﬂﬁﬁﬂﬁzﬂ@ulauﬂﬁﬂﬂ1ﬂﬁ1ﬁ1€1!tﬁ$@]$ﬂ@ulauNﬁﬂJNﬁiJQGEJ
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3.3.2.3 2505 NAADI
o Ay v ¢ A4 v ' & o
waznowaui laninhiuwdssdeanzmveunyasng useomiu 3 dans

NARDY 9L 15 a3

€

W1 vinaznouaulng 15 ans

=

Y
Jan 2 wilnaznauauraunIniiiaia 10% lasldaznoutay 13.5 ans
Y

(18.495 nlansy) uazwaumniiigia 1.5 aas (2.055 nlaniy) Usu1assiu 15 ans (20.55
Alansu)

o A % ~ 9 a =~

0991 3 HUNAZNRUNANYSY 10% Iasldnznouian 13.5 aa3 HagHangse
1.5 a9s 151195570 15 ans

333 MINAavIHNNAZNdMAUNANMININMalUTAa IUNUANAIINY
P 4 s Ao 4 4
A5NAADIATIN 1T UMITNAADUNOANH UNVIANIINITNAADAN 3.3.2 1194910
@ :} o a o < ] :JI qul 3 o
masninazneuurgunniaam ldnanss uazu1n §9UN1TNAA0IATIHIRINT
Y v Y

wSsumeunsnaumatiaaludadiunuanaiany A #HaunIntiinia 4%, 8% uaz 12%
A = a a %) =
HBANYIT UM TINAVBINIFEININ

3.3.3.1 puaniiavesaznou

=

oA o o Ao ¢
aznouludedesdeilgiinisnaasasaiiihunnrsuaesdinziaves
UIMeIaena Ty Tags1¥uInaaI 1% INeUVYAATI 9 UN0AINT TIHTANTI U duITAves
1 S = @ {
AZNBUAUNDUWINNITEININ LAAIAIAITIN 3.4

Y

{ A o 1 o o =
GﬂiNﬁ 3.4 AUFTUUAVDNAZNDURAUNTUNINUINANDUNUNNIE L INTN

AzNMIAUNANNMNINAIA

U \ U oY = a
AUTNUAVDINSNDULIAUNIUHNNINMIBYININ na
4% 8% 12%

1 I~ I~ 1
1. aanuitunsailuaig

. . 8.5 7.2 6.8 6.4
(Positive potential of Hydrogen : pH)

a < uaj
2. “]Jiiﬂm"ll@\?ll"llﬂﬂﬁﬁhﬂ

91,439 125,748 182,449 140,399
(Total Solids : TS), (mg/1) ’ ’ ’ ’

a < oy &
3. USinavesdsazarerinivua

35,300 79,000 122,900 84,750
(Total Dissolved Solids : TDS), (mg/l)

a < qaj
4. 5o uvsuassnIvua

56,139 46,748 59,549 55,649
(Total Suspended Solids : TSS), (mg/1)
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A1519N 3.4 ﬂmﬁuummmﬂaumuwmmﬂmmaﬂauﬂmmcﬁ%amw (919)
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AaanfvesnzneMaunUKIDMETINWN | Un@ L L UL
4% 8% 12%

5. USimveaniasmerianua

(Total Volatile Solids : TVS), (mg/1) 18,727 35,138 103,590 | 52,067
6. U manueaniansdwianun

(Total Fixed Solids : TFS), (mg/1) 72,712 70,610 78,859 88,332
7. MANNdeImseongiauialaedsainw

(Biological Oxygen Demand : BOD), (mg/1) 1,830 37,000 41,655 52,800
8. MANuAeInsoandauialaeIsiall

(Chemical Oxygen Demand : COD), (mg/1) 4,670.4 50,596 97,300 | 151,788
9. luTasu (Nitrogen : N), (mg/1) 3,100 3,800 3,600 3,600
10. Woawod (Phosphorus : P), (mg/1) 6.25 2.15 2.00 3.00
1. Tudandon (Potassium : K), (mg/l) 14485 | 3,055 | 32565 | 7,280
12. ﬂﬁmu (Carbon : C), (mg/1) 22,900 67,300 68,300 79,500
13. Suw?w‘?mq (Organic Matter : OM), (mg/1) 50,200 115,800 | 118,500 | 136,700

3.3.3.2 4aN1Inaany

Tdgamsnaasufertuiugansnaass 3.3.2

v Y
717 3.4 gamInaasarinaznouE@uNauMMiaa

3.3.3.3 2575 NAADY

o Ay v s 2 a o = ~
Ll'lﬁgﬂ@lﬁ/]Ulﬂfl]'Iﬂ‘l/‘hﬁlImENf;N‘VI%mEUENlIW'l’JVIfJ'IaEJLTIﬂIuTaFJi']GNNﬂE‘]ﬁﬁ

Aav Aa [ ] I Y [ a
%8 INPNVAN5I U9oemTlu 3 NTNAADY DAL 15 ang
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Faft 1 wiinaznemauraunIniaIa 4% Tagldaznouiau 144  aas
(19.728 nlansw) HaZHAUMAIIAA 0.6 AT (0.822 nlansu) HUSuassau 15 4as (20.55
nlansu)

Fift 2 wiinazneuauraunINiIng 8% Tasldaznouay 13.8 ans
(18.906 nlansu) WazHANMNAIe 12 A3 (1.644 nlansu) UU5uas593 15 4T (20.55

Alansu)

=

Y
o o o 9 a
N3 nunazneuaUNANNINEIAIa 12% laglsaznouway 13.2  aas
Y
(18.084 nlansy) uazwaunnNiiaia 1.8 893 (2.466 nlansy) YU5u195590 15 895 (20.55
nlansy)
334 MINAaIHINAZNOMIAUKNENYAENI IHdAT IUTIUANAIINY
Y 2 A 4 a 4
N1INAaBIATItIuUNITNAAUNOAN Y UNYIAN 91NNITNAADIN 3.3.3
d' [9) =1 ~ Y @ oy A Aa (4] =
o nmMadin i launnmsminazneuaunaunniiaa JuUsuuesnasiimu (CH,)
9 [ :’I 3 3 o Y] 1 { [ %
oo dariunsnaasenseiivanaaoaninaznowaunduyagns ludadiufinanaiany
4 a a [+
(Panishnumsin etal, 2010) TASHAUYAGNT 5%, 10% 1AT 20% WBANHIUTMIUNTIAAVDINIIY
= a Y 9 [9) =
¥ uazdlsuannududuvesmaiitnu (CH,)
3.3.4.1 uaniavednznou
Y v Y Y Y
1 =1 Y Aq Y o v A o 4 = 9
aznouauluto@eansnldiinmanaaesnsail Wwnannvhsu@eadanga
o a Y] @ o vAa 1 v &Y
Yo unyAINg 11w 1duda sunedin Janianss Inuduiiavesnz noumunouninne

FININ LAAIAITIN 3.5

M50 3.5 AuANTAYDIANOUIAUNETNYAGNIADUNINMBTININ

asndHIaUNaNYATNT

U \ U oY = a
AUTNUAVDINSNDULIAUNI UKD VY ININ na
5% 10% 20%

[ I~ I~ 1
1. aanuilunsatluana
8.4 7.8 7.6 7.3

(Positive potential of Hydrogen : pH)
v
2. USinaveauiiaiavua

50,126 40,647 53,099 61,768
(Total Solids : TS), (mg/1)

a < o w
3. ﬂiﬂ1mﬂl@ﬁllﬂlﬂﬁ$ﬁ1ﬂu1ﬂﬂﬁﬂﬂ

24,000 23,500 24,250 14,125
(Total Dissolved Solids : TDS), (mg/l)

a < Y
4, USuavesadauvIvaeneviua

26,126 17,147 28,849 47,643

(Total Suspended Solids : TSS), (mg/1)




A13197 3.5 AuENTAYeINLNOUIAUNANYAGNTNOUNINMFTINN (90)
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AsNIUlaUNaN AN

a

paENAvaINzNIMAUNDUKRIDMBTINW | Un@
5% 10% 20%

5. 1S avendeszinen e
38,569 11,472 15,669 24225
(Total Volatile Solids : TVS), (mg/1)

6. USunauvoatanadniavug
11,557 29,175 37,430 37,543
(Total Fixed Solids : TFS), (mg/1)

7. MANUADINITNFUTA TAsITFIN N
2,820 4,440 5,160 8,460
(Biological Oxygen Demand : BOD), (mg/1)

8. ANNUARINIToNTaU A TasdTiIAN
3,240 7,500 7,020 12,060
(Chemical Oxygen Demand : COD), (mg/1)

9. TuTasiau (Nitrogen : N), (mg/l) 7,000 9,200 8,700 10,900
10. WoaWose (Phosphorus : P), (mg/1) 193.31 185.23 185.04 179.9
11. Tﬂﬁﬁﬁ}ﬂu (Potassium : K), (mg/1) 1,171 1374 1372 1,879
12. M ueu (Carbon : C), (mg/1) 38,600 50,100 56,400 76,600

13. auﬂ’%ﬂ%ﬁq (Organic Matter : OM), (mg/1) 66,400 86,100 97,000 131,800

3.3.4.2 4aN1INAany

9y v W {
T¥gamsnaasufedrtuiuganiinaassi 3.3.2

317 3.5 yamInaaesiinazneUNTUYa NS
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3.3.4.3 35MINAaeg

o Ay v s &y " < o

waznowaui laninvhiuwdssdanzmveunyasng useomiu 3 dans
NABBY 098 20 N 1ansu (15.06 an9)

09 1 wlnaznouaunauyagns 5% lagldaznouau 19 nlansy (13.87

v

an9) Hauyagns 1 0 lansy (0.93 ans) Vimiingdu 20 nlansu

09 2 winaznowaunaNyagns 10% lagldaznowau 18 Alaniy (13.14

v

an9) Hauyagns 2 1 lansy (1.85 ans) Vimiingdu 20 nlansu

89 3 wilinaznewaURENYagnI 20% lagldaznouau 16 nlansy (11.68

v
ans) HauYagns 4 0 lansy (3.7 ans) Wiwiingw 20 Alansy
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a d A X (Y] Y
n.1 #amsAnsIzHnaENAvesnznowanluUIaINe NoY - AT HIDMABTININ
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EaMsnaaey ' . USnams
v nou g -
A | = 4 =}
poanDRvesnznouaulul@eads wasunilas
1. manudunsailuai
7.7 7.5 0.2
(Positive potential of Hydrogen ; pH)
a I :/)
2. YTNUV0 IV LA (mg/)
139,859 15,978 123,881
(Total Solids ; TS)
3. USinaveaudsazanarinianua (mg/)
24,500 9,700 14,800
(Total Dissolved Solids ; TDS)
4. YSnaveaudauiuaneianua (me/l)
112,200 5,750 106,450
(Total Suspended Solids ; TSS)
a I :/’
5. YTV IVITLINNIHUA (mg/l)
22,653 2,450 20,203
(Total Volatile Solids ; TVS)
6. USinaveadenadaianua (mg/)
139,603 10,922 128,681
(Total Fixed Solids ; TFS)
7. MAnudeamseendauialasIzEInm (me/)
2,334 324 2,010
(Biological Oxygen Demand ; BOD)
8. MANUAeIMIeenFnIa laed sl (me/)
7,840 1,197 6,043
(Chemical Oxygen Demand ; COD)
9. TuTpsau (mg/) A
4,300 5,000
(Total Nitrogen ; N) 700
10. Woerosd (mg/) RTRVEA
6.24 136.95
(Total Phosphorus ; P) 130.71
11. Tal@adey (mg/1)
816.5 662.5 154
(Total Potassium ; K)
12. M3VOU (mg/l) LAY
42,700 47,300
(Carbon ; C) 4,600
A A o A 2
13. 9UN38309 (mg/l) RATETRIAN
73,500 81,300
(Organic Matter ; OM) 7,800
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. gaungi (°C) USnamstimnm’)
M pH o
T, T, T, T, Ao azaw

1 2444772 | 23.51046 23.6354 22.89188 7.663807 0 0

2 | 2396669 | 2377834 | 2438318 | 24.04561 7.132003 0.000675 | 0.000675
3 2393580 | 2395364 | 24.67249 | 24.15662 7.086005 0.000945 0.00162
4 243905 2448518 | 2519916 | 24.84045 6.849594 0.00114 0.00276
5 2480401 | 2515523 | 2553147 | 25.24862 6.681634 0.001185 | 0.003945
6 | 24.63251 | 24.66457 24.7765 23.70158 6.517114 0.00045 0.004395
7 | 2356214 23.5284 23.64502 | 22.57964 6.381751 0.00036 0.004755
8 | 2292839 | 22.97671 23.305 22.55754 6.368808 0.000405 0.00516
9 | 2294048 | 23.10884 | 23.52849 | 23.12353 6.360384 0.000405 | 0.005565
10 | 2292346 23.0819 2337431 | 2277118 6.316624 0.00027 0.005835
11 | 2256863 | 22.66827 | 22.89658 | 22.10313 6.280468 0.000135 0.00597
12 | 2216301 | 2234757 | 2285073 | 22.36379 6.320852 0.000135 | 0.006105
13 | 2328125 | 23.58903 | 24.09231 | 24.01354 6.289623 0.000225 0.00633
14 | 23.69606 | 23.84512 | 23.95472 | 23.40092 6.225345 0.000045 | 0.006375
15 | 2376004 | 24.04517 | 2456956 | 24.53534 6.290661 0.000315 0.00669
16 | 2452351 | 2481572 | 2524477 | 25.11921 6.225373 0.000405 | 0.007095
17 | 2479419 | 25.01254 252514 24.83985 6.192388 0.000315 0.00741
18 | 2475788 | 25.00598 | 2549745 | 2523915 6.23222 0.00036 0.00777
19 25.0136 2521226 25.4974 24.89132 6.169543 0.00027 0.00804
20 | 2488349 | 25.10569 | 25.53186 | 25.09541 6.206704 0.00027 0.00831
21 | 2525548 | 2559712 | 26.19139 25.9304 6.195531 0.00045 0.00876
22 | 2592388 | 2623704 | 2674185 | 2633912 6.172336 0.00045 0.00921
23 26.38162 26.65608 27.12406 26.65352 6.182138 0.000495 0.009705
24 26.6784 2691877 27.33955 26.95818 6.185032 0.00045 0.010155
25 26.98628 27.27092 27.73549 27.46842 6.201786 0.000495 0.01065
26 27.29886 27.54074 27.8514 27.39547 6.10317 0.00042 0.01107
27 27.14329 27.3575 27.67191 27.21508 6.119672 0.00033 0.0114
28 26.90829 27.04276 27.23111 26.58121 6.089595 0.00018 0.01158
29 26.63811 26.85865 27.28473 26.92553 6.14504 0.00027 0.01185
30 26.89357 27.13979 27.56513 27.21513 6.43999 0.000315 0.012165
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pansznauveIMesi 1NN NaMIAATIZH
1. dSmamasiimu (CH,); (%) 44.34
2. Sinamamsveulasenlud (CO,); (%) 491
3. USwnama lulasou (N); (%) 17.23
4. UsinamalaTasou (1); (%) Tadw
5. s laTasnuda e (1,S); (ppm) Tuwu

¢
[} a Aa o a d
n.4 Wﬁﬂ'lﬁ‘l]‘i%lﬂﬂ!ﬂ"lETN‘IJ53Eﬁ’lﬁﬂlﬂﬂ!!ﬂﬂﬂ]ﬁﬂﬂﬂ%?ﬂmﬂﬂ]ﬁﬂi

fals mdnlszanslaelszanas
X 5
Ke, -0.7947
K, 2
K, 5
Ko, 19.434
T 0.9316
a -0.9949
b 13.5861
c -45.6025
a, 1.68E"
a, -5.10E”
a, -0.0444
kg 11.5905
kq 12
Error 0.8515
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a d wa X (Y] o
.1 HamsIANzRAMaNTRAveINzno MUl UaIBEeN NOY - 1A HINMIBTINN

S1IEMINAaey aznomaulnd AzNBMIAUNANMNHIMA AzNUIAUHNANLYITE
U \ dw Y 1 U d‘ \ U d‘ 1 U d'
paanDAveInznoManlula@eada fou 109 wasuuias fou 1iaq wasuuilas nou 109 wasumlas
J I I J A 4?
1. arnnudlunsailuag ATEVETAY
8.3 7.1 1.2 5.8 5.4 0.4 8.7 9.3
(Positive potential of Hydrogen ; pH) 0.6
2. UFmnaveadaianua (mg/)
57,035 13,209 43,826 131,423 128,800 2,623 104,689 25,409 79,280
(Total Solids ; TS)
3. YSaveadsazareiiavua (mg/)
15,500 8,890 6,610 123,600 69,275 54,325 78,000 15,500 62,500
(Total Dissolved Solids ; TDS)
4. YSnaveudaiuaneianua (me/l)
34,200 5,380 28,820 18,300 12,875 5,425 14,200 11,350 2,850
(Total Suspended Solids ; TSS)
5. YSmaveadassmeianua (mg/)
8,712 2,070 6,642 94,420 87,579 6,841 76,542 7,085 69,457
(Total Volatile Solids ; TVS)
6. YSuueadanad i amua (me/l)
45,941 11,139 34,802 45,180 33,221 11,959 24318 18,324 5,994
(Total Fixed Solids ; TFS)
7. ANNARIMIBaNFIIUIA TAs 3TN N LAY WA
735 85 650 41,963 45,638 396 1,029
(mg/l) (Biological Oxygen Demand ; BOD) 3,675 633
] F
8. AANNARINIRRAT LA TR IDIAL A
6,227.2 769.4 5,457.8 105,084 75,112 29,972 3,697.4 4,763.2
(mg/1) (Chemical Oxygen Demand ; COD) 1,065.8

9Cl1



a d wAa 2 (¥} Y
1.1 HamsIRTzHAMaNDAveInznouaul o Now - 1A HANMATINN (AD)

eMsnAaeU aznowauind AznNOUIAUNENNINIINIA AzNOMIAUNANEISY
AaanAvenzneManluUeiReaa now nas | Waeuas|  new was | dsuas|  neu nas | wasuulas
9. luTnsau (mg/l)
8,000 700 7,300 7,300 600 6,700 11,300 4,700 6,600
(Total Nitrogen ; N)
10. Woawosa (mg/l) A A
191.19 25343 213.7 9.61 204.09 136.89 232.28
(Total Phosphorus ; P) 62.24 95.39
11. Td@anFeon (mg/)
1,233 1,077 156 9,405 7,510 1,895 1,361 1,039 322
(Total Potassium ; K)
o
12. MUY (mg/l)
56,300 32,600 23,700 87,300 70,900 16,400 47,700 33,400 14,300
(Carbon ; C)
13. BUN38Iag (mg/)
96,900 56,200 40,700 150,100 121,900 28,200 82,100 57,500 24,600
(Organic Matter ; OM)

LTI



V.2 %’@yawamsmamﬂﬁnmnamaumummimmuazmnawauwaugﬁﬂ

gaungi (°C) pH P3nasmazinn (m)
M o o o y o o o a1 it 2
aafi 1 997 2 991 3 ioq dan 1 i 2 999 3 — —
A9IU asau NI asay

1 22 22 22 23.5 7.73 6.12 7.91 0 0 0.00006 0.00006
2 23 23 23 25 7.27 5.57 8.81 0 0 0.03557 0.03563
3 23.5 23.5 23.5 22.5 7.25 5.40 9.12 0 0 0.02073 0.05636
4 22.5 22.5 22.5 23 7.21 5.28 9.11 0 0 0.04261 0.09897
5 225 225 225 22 7.18 5.20 9.11 0 0 0.02271 0.12168
6 225 225 225 23 7.18 5.20 9.13 0 0 0.00473 0.12641

v

wnayg : 999 1 viinaznewaulnd

Y
% )

2 RUNAZNDUAUNTUNINUING 10%

€

=).

N

v

N 3 HINEZNBUIAUNANYITE 10%

8C1
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. o aznoMIaY e -
29nlsznouveIM BT 1NN ) . HangiSe
na mnima
1. USinamasiimu (CH,); (%) - 1.61 -
2. USinamamsveulasenlud (CO,); (%) - - -
3. USwnama lulasou (N); (%) - - -
4. Usinamalalasou (1); (%) - 24.4 -
5. S laTasnuda e (1,S); (ppm) - 38.03 -

' o a Qd o a d
V.4 N@fﬂ‘é‘1.]5ZSJ1il!ﬂ1%1’34‘I.Ii3’61’7]5"11@)Q!!U‘U‘iﬂﬁi’NﬂNﬂmﬂﬂlﬁﬂﬁ

mdnlszanslaelszana
aauls v
AzNOMAUNANMNIAIA 10%
X 0.003
k) 0.0094
k, 0.6494
k, 0.0082
ke 0.0008
W 0.0071
a -0.9999
b 13.9972
c -47.9904
a, 2.32E"
a, -8.96E™
a, -0.0276
k, 2.8013
kq 1.2340
Error 9.8907
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a d wa X (Y] o
A.1 HamsInTzHAMEaNDRveINz oUWl aIBEeN NOU - HAS HINMBTININ

AZNDUIAUNTHNINKINIA AZNDUIAUNTHNINIIMIA AZNBUIAUNTUNMNHINIA
F1EUMINATIU ASNOU
" P ) 4%) 8%) (12%)
puanvAvesnzneanlula@e e rauiln@ - - - - - - - = -
NOU iag wagunlas NOU 1ag waenlas NOU ag waeunlas
1. manudunsaduans
8.5 7.2 5.6 1.6 6.8 6.0 0.8 6.4 4.4 2
(Positive potential of Hydrogen ; pH)
2. UFnaveadaianua (mg/) A
91,439 125,748 94,841 30,907 182,449 105,831 76,618 140,399 148,116
(Total Solids ; TS) 7,710
3. USinaveaudsazanarinianua (mg/) A
35,300 79,000 61,775 17,225 122,900 79,150 43,750 84,750 133,075
(Total Dissolved Solids ; TDS) 48,325

4. YSnaveudauiuaseianua (me/l)
56,139 46,748 33,060 13,688 59,549 26,681 32,868 55,649 15,041 40,608
(Total Suspended Solids ; TSS)

5. YSuaveadassmeianua (mg/) TR TN
18,727 55,138 56,149 103,590 59,095 44,495 52,067 92,795
(Total Volatile Solids ; TVS) 1,011 40,728

6. USinaveadenadianua (mg/1)
72,712 70,610 38,692 31,918 78,859 46,736 32,123 88,332 55,321 33,011
(Total Fixed Solids ; TFS)

7. manudesnsoandauialaedtFinn (mg/) LAY WA
1,830 37,000 21,660 15,340 41,655 56,250 52,800 54,375
(Biological Oxygen Demand ; BOD) 14,595 1,575

8. MANUAeINTeonFNIA laed Tl (me/)
4,670.4 50,596 36,670 13,926 97,300 90,710 6,590 151,788 121,590 30,198

(Chemical Oxygen Demand ; COD)

Iel



a d wAa 2 [ v
A.1 wamsInzHAEaNDRAveInzneMaulula@een NOY - HAY HINMBEININ (1)

AZNBUIAUNTNMNININIG AzNOMMAUNANNNINME AZNOUIAUNTNMNIINIG
TIEMINATIU AZNDY
" e ) 4%) 8%) (12%)
ﬁ]mau‘l.lﬂsummnﬂumiﬂuumamqa ulnf - : - : - :
NOU ‘ﬂﬁq waenlas NOU ﬁﬁq waenlas NOU ‘}iﬁq waeunlas
9. TuTasau (mg/) AL AL RTRVETA
3,100 3,800 4,900 3,600 5,200 3,600 4,900
(Total Nitrogen ; N) 1,100 1,600 1,300
10. Woawosa (mg/l) A A A
6.25 2.15 6.67 2.00 2.10 3.00 22.24
(Total Phosphorus ; P) 4.52 0.01 19.24
11. TS (mg/l) AL AL A
1,448.5 3,055 5,171 3,256.5 6,865.5 7,280 8,002.5
(Total Potassium ; K) 2,116 3,609 722.5
12. MUY (mg/l) AL TRV
22,900 67,300 46,600 20,700 68,300 71,200 79,500 88,900
(Carbon ; C) 2,900 9,400
13. dUN3o A (mg/l) N N
50,200 115,800 80,200 35,600 118,500 122,500 136,700 152,900
(Organic Matter ; OM) 4,000 16,200

43!



A.2 Yoyanan1snaastiinazneMaNNaNMNNIMaldaT I TINANA1INY

manuilunsailuag Qaungi (T) Y31naumaszInn (m’)
o1V (pH) o) mmmm?smm 4% waummﬁmm 8% waummgmm 12%
% | 8% | 12% | 4% 8% | 12% | teq Ao azaw Ao T azan Ao T azan
1 | 658 | 661 | 650 31 31 31 32 0 0 0.00008 | 0.00008 | 0.00023 | 0.00023
2 | 594 | 642 | 646 | 287 28 28 25 0.02007 | 0.02007 | 0.01784 | 0.01792 | 0.00876 | 0.00899
3 | 566 | 609 | 614 | 25 247 | 253 23 0.01752 | 0.03759 | 0.02254 | 0.04046 | 0.01499 | 0.02398
4 | 559 | 601 | 596 | 23 23.7 23 243 | 0.00612 | 0.04371 | 0.03381 | 0.07427 | 0.01878 | 0.04276
5 | 546 | 589 | 578 | 243 25 25 28 0.00183 | 0.04554 | 0.02013 | 0.0944 | 0.03562 | 0.07838
6 | 536 | 577 | 563 | 233 | 233 24 253 | 0.00101 | 0.04655 | 0.0147 0.1091 0.02753 | 0.10591
7 | 534 | 551 | 533 | 247 | 247 | 243 | 257 | 0.00039 | 0.04694 | 0.00668 | 0.11578 | 0.01416 | 0.12007
8 | 541 | 529 | 509 | 293 30 30 31.7 | 0.00075 | 0.04769 | 0.00481 | 0.12059 | 0.00449 | 0.12456
9 | 566 | 513 | 488 | 303 | 297 | 303 | 293 | 0.00125 | 0.04894 | 0.00494 | 0.12553 | 0.00099 | 0.12555
10 | 578 | 522 | 478 | 283 | 283 | 287 29 0 0.04894 | 0.00885 | 0.13438 0 0.12555
11 | 578 | 532 | 470 | 283 28 283 | 283 0 0.04894 | 0.01049 | 0.14487 0 0.12555

eel



A.2 doyanamsnaaesninazneuEauHaNMNMaluFad IUNNANA 1N (D)

manuilunsailuag Qaungi (T) U31naumaszInn (m))
o1V (pH) o) waummﬁmm 4% mmmm?smm 8% waummgmm 12%
% | 8% | 2% | 4% 8% | 12% | %ieq Ao azan Ao T azan Ao azan
12 | 578 | 580 | 474 | 245 | 245 24 245 0 0.04894 | 0.0106 | 0.15547 0 0.12555
13| 578 | 6.00 | 4.67 26 26 26 26 0 0.04894 | 0.00961 | 0.16508 0 0.12555
14 | 58 | 627 | 472 | 245 25 24 24 0 0.04894 | 0.00673 | 0.17181 0 0.12555
15 | 601 | 636 | 484 | 233 23 23 22.7 0 0.04894 | 0.00426 | 0.17607 0 0.12555
16 | 6.02 | 651 | 488 21 21 20.5 21 0 0.04894 | 0.00276 | 0.17883 0 0.12555
17 | 600 | 656 | 500 | 205 21 21 245 0 0.04894 | 0.00218 | 0.18101 0 0.12555
18 | 594 | 655 | 5.01 20 20.5 20 23 0 0.04894 | 0.00146 | 0.18247 0 0.12555
19 | 594 | 657 | 498 | 235 | 235 | 225 | 245 0 0.04894 | 0.0002 | 0.18267 0 0.12555
20 | 594 | 661 | 497 | 285 | 285 29 29 0 0.04894 | 0.0004 | 0.18307 0 0.12555
21 | 598 | 668 | 500 | 287 | 293 | 287 | 303 0 0.04894 | 0.0001 | 0.18317 0 0.12555
22 | 596 | 671 | 4.98 29 286 | 283 | 293 0 0.04894 | 0.00004 | 0.18321 0 0.12555

vel



a d d -4 =
.3 Nﬁﬂ]i?!ﬂiw‘ﬁi’)ﬁﬂﬂizﬂi’)‘lJ“lI’ENﬂ]‘lf‘U’Jﬂ1W

d 24 =
i’Nﬂ‘lJi%ﬂi’)‘Uﬂl’ENﬂ]‘lf‘U’Jﬂ1W

AzZNdUIAUNANNINIIAG

AzNdUIAUNANNINIIAIG

AzNdUIAUNANNINIIAIG

(4%) (8%) (12%)
1. USinaiastimu (CH,); (%) 61.57 7.73 4.06
2. Sunamamiveulasenlad (0,); (%) 6.72 41.74 41.15
3. Usinames luTasiou (N); (%) 41.74 41.15 2.60
4 Usinamalalasou (1); (%) 450 46.34 48.96
5. USunamesla Tasinuda Tid (1,8); (ppm) Tainy 7.38 Taiwy

Gel



¢
[ a a ° a d
.4 Nﬁﬂ'l‘i‘IJ5$3J'lﬂ!ﬂ"lﬁ?l1]58ﬁ"nﬁﬂl@\‘i!!ﬂﬂﬁ]'lﬁ@\'iﬂ'l\‘iﬂﬂ!ﬂﬂ'lﬁﬂﬁ

d
manilszanslagyszaa

ﬂgmji Nﬁ?»lﬂ1ﬂ131ﬂ1il 4% waumnﬁmm 8% N@'Nﬂ1ﬂ‘l§1ﬂ1ﬁ 12%
X 0.0001 0.3107 0.0001
k) 0.0001 7.4233 0.0003
k, 0.0600 19.9997 0.9315
k, 0.0001 02173 0.0001
Ko 0.0001 1.0000 0.0103
W 0.1000 1.0000 0.0042
a -0.9997 -0.9997 -0.9997
b 13.9986 13.9986 13.9972
c -47.9856 -47.9856 -47.9856
a, 1.53E" 4.83E" 24E"
a, -2.77E" -1.02E” -1.65E”
a, -0.0441 -0.0444 -0.0274
ks 495.6079 118.0217 72.8860
kq 1.0000 1.9990F" 0.0144
Error 1.7334 146.3086 2.2298
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a d wa X (Y] o
4.1 HamsInzHnaaNDRvesnzneuaulua@een Nou - 1A HINMBTINW

FEgNMINATOU ATNOU AsndUIAUNTNYANT (5%) AsndUIAUNaNYagNI (10%) AsnNdUIaUNaNIagNI (20%)
o = a ' o 4 ' o 4 ' o 2
AaantRvenznemanlule@ead auiln@ nou ving nfagunlag nou Hal nfdeumlag nou riag agunlag
J 1< I J A dg} A d?
1. mmwmﬂummﬂum& [SARNNINE] NNV
8.4 7.8 7.8 0 7.6 8.4 7.3 8.2
(Positive potential of Hydrogen ; pH) 0.8 0.9
= < 2 z 7 =7 =7
2. ﬂﬁmmmammmwm (mg/1) IWHUU IWUUU IWNUY
50,126 40,647 151,614 53,099 122,418 61,768 109,422
(Total Solids ; TS) 110,967 69,319 47,654
a < :) :/) A d?
3. ﬂiu1ﬂ!ﬂl@ﬁklﬂ]ﬁﬁ$ﬂ18u1ﬂiﬂﬂﬂ (mg/1) IWNYY
24,000 23,500 20,000 3,500 24,250 19,490 4,760 14,125 24,692
(Total Dissolved Solids ; TDS) 10,567
= < z T 7 7 T 7
4. ‘]JﬁiJ"ImﬂlﬂQLLﬂNlHl']uﬁﬂUﬂﬁﬁNﬂ (mg/l) [SARVRINS INNUYU INNUY
26,126 17,147 131,614 28,849 102,928 47,643 84,730
(Total Suspended Solids ; TSS) 114,467 74,079 37,087
= < Z =z 7 <7 <7
5. ﬂiiiJ'lm"UﬂQLL"lNﬁgilﬂﬂVNﬁilﬂ (mg/l) [SARVRIRS INNUYU INNUY
38,569 11,472 33,847 15,669 30,418 24,225 28,142
(Total Volatile Solids ; TVS) 22,375 14,749 3,917
= < v o - A 2 4 2
6. 1.]‘5111‘[?1!%9\11,!,61]\1?1\1@1’31’]\114%{"1 (mg/1) IWUUU IWNUU WYY
11,557 29,175 117,767 37,430 91,990 37,543 81,280
(Total Fixed Solids ; TFS) 88,592 54,560 43,737
7. MAnufeamIsendianialagisainm (mgl)
2,820 4,440 3,442 998 5,160 2,126 3,034 8,460 1,289 7,171
(Biological Oxygen Demand ; BOD)
8. AANNABINT0anTIUIA Tl (me/l) TEVEA
3,240 7,500 9,302.4 7,020 6,976.8 43.2 12,060 6,589.2 5,470.8
(Chemical Oxygen Demand ; COD) 1,802.4

8¢1



a d wAa 2 (¥} Y
9.1 HamsInNzHAaaNDnveInzneuaul o Now - A9 HANMATINN (AD)

(Organic Matter ; OM)

IUMINATOU AZNOU AzNOUIAUNANNAYNS (5%) AZNOUIAUNENYAGNS (10%) | ATNOMAUNANYAENS (20%)
AaanAvesnznomanluyedene udnd | o Wae | o | fow Wie | ndenles | fow Wia | nfRsunlas
9. luTnsau (mg/l) AL AL RTRVETA
7,000 9,200 | 9,400 8,700 10,100 10,900 | 12,000
(Total Nitrogen ; N) 200 1,400 1,100
10. Woanosd (mg/l)
193.31 185.23 182.48 2.75 185.04 166.76 18.28 179.90 169.24 10.66
(Total Phosphorus ; P)
11. Td@aaen (me/) A A
1,171 1,374 1,145 229 1,372 1,529 1,879 | 2,076.5
(Total Potassium ; K) 157 197.5
o
12. MUY (mg/l)
38,600 | 50,100 | 45,800 4,300 56,400 | 49,200 7,200 76,600 | 73,400 3,200
(Carbon ; C)
13. BUN38Iag (mg/)
66,400 86,100 78,800 7,300 97,000 84,600 12,400 131,800 | 126,200 5,600

6¢1



1.2 Yoyanan1snaastiinaznoMANNANYagNs I udad IUTIUANA 1N

amanudunsailuais QautgH (T) USnamst1mn (m’)
T (pH) o) Wanyagns 5% Wauyagns 10% WaNYagNs 20%
5% 10% | 20% | 5% | 10% | 20% | +ies Ao azaw Ao U azaw Ao U avan
1 7.01 7.00 6.91 26 26 23 27 0 0 0 0 0 0
2 7.01 7.07 6.76 29 29 26.5 29.5 0.00041 0.00041 0.0004 0.0004 0.00083 0.00083
3 7.01 7.08 682 | 275 28 25 28.5 0.00102 0.00143 0.00155 0.00195 0.00147 0.0023
4 7.01 7.12 6.86 | 285 29 255 | 285 0.00082 0.00225 0.00226 0.00421 0.00205 0.00435
5 7.01 7.10 687 | 285 29 26.5 30 0.00071 0.00296 0.00218 0.00639 0.00268 0.00703
6 7.01 7.12 6.88 28 28 24 28 0.00045 0.00341 0.00194 0.00833 0.00405 0.01108
7 7.01 7.08 6.91 27 27 24.5 28.5 0.0005 0.00391 0.00213 0.01051 0.00439 0.01547
8 7.01 7.10 6.88 27 27.5 25 29 0.0008 0.00471 0.00296 0.01347 0.00543 0.0209
9 7.01 7.10 6.84 28 28 26.5 29 0.00105 0.00576 0.00374 0.01721 0.00602 0.02692
10 7.01 7.12 6.82 27.5 28 25.5 27.5 0.00105 0.00681 0.00413 0.02134 0.00607 0.03299
11 | 701 7.15 684 | 265 | 275 24 | 275 0.00101 0.00782 0.00334 0.02468 0.00552 0.03581
12 | 701 7.13 6.89 27 | 275 | 235 | 295 0.00097 0.00879 0.0039 0.02916 0.00539 0.0439
13 | 701 7.11 688 | 285 29 26 | 295 0.0013 0.01027 0.00399 0.03315 0.00533 0.04923
14 | 701 7.08 692 | 285 29 26.5 30 0.00121 0.01148 0.00369 0.03684 0.00464 0.05387
15 | 7.01 7.05 694 | 285 | 2905 | 265 | 305 0.0011 0.01258 0.00347 0.04031 0.00384 0.05771

orl



1.2 doyananisnaaesnNNaz NeUAUNANYagnsIUdATIUTIUANAIINY (AD)

manuilunsailuag QautgH (T) YSanamaszamn (m’)
Tu (pH) (C) Wanyagns 5% Wauyagns 10% WaNYagNs 20%

5% 10% | 20% | 5% | 10% | 20% | #oq LR azan Ao azan LR azam
16 7.01 7.08 6.97 28 28.5 25.5 29 0.00073 0.01331 0.00288 0.04319 0.00314 0.06085
17 7.01 7.15 7.01 27.5 27.5 25 27.5 0.00036 0.01367 0.00234 0.04553 0.00245 0.0633
18 | 7.01 7.14 | 7.05 27 27 23 | 275 0.00014 0.01381 0.00207 0.0476 0.00241 0.06571
19 | 701 717 | 708 | 265 | 27 | 225 | 27 0.00003 0.01384 0.00172 0.04932 0.00222 0.06793
20 | 7.01 717 | 710 26 27 22 27 0.00008 0.01392 0.00161 0.05093 0.00174 0.06967
21 | 701 7.13 710 | 265 | 27 24 | 285 0.00001 0.01393 0.00151 0.05244 0.00149 0.07116
22 7.01 7.14 7.12 27 27.5 24.5 28.5 0.00004 0.01397 0.00159 0.05403 0.00154 0.0727
23 7.01 7.11 7.13 27.5 28 24.5 28.5 0.00005 0.01402 0.00163 0.05566 0.00143 0.07413
24 7.01 7.04 7.16 27.5 27.5 24 28.5 0.00001 0.01403 0.00161 0.05727 0.00124 0.07537
25 7.01 7.04 7.17 28.5 28 24.5 30.5 0 0.01403 0.00159 0.05886 0.00095 0.07632
26 | 7.01 7.02 | 7.8 28 | 285 | 245 | 29 0 0.01403 0.00144 0.0603 0.00058 0.0769
27 | 7.01 7.01 7.17 29 29 26 30 0 0.01403 0.00143 0.06173 0.00195 0.07885
28 | 7.01 709 | 7.16 28 | 285 | 25 | 295 0 0.01403 0.00135 0.06308 0.00165 0.0805
29 | 700 | 704 | 717 | 275 | 275 | 255 | 29 0 0.01403 0.00118 0.06426 0.00119 0.08169
30 | 7.01 7.05 701 | 275 | 275 | 255 | 29 0 0.01403 0.00116 0.06542 0.00123 0.08292

4!



a d J 4 =
1.3 Nﬁmi’J!ﬂ‘ﬂzﬂﬂﬂﬂﬂﬁ%ﬂﬁﬂ‘lﬁﬁﬂﬂVﬂ‘lﬂﬂ1‘W

, V. AzNOUIAUNANYAYNS AZNOUIAUNANYAYNT AZNOUIAUNANYAYNS
panlsznouveIMBT 1NN
(5%) (10%) (20%)
a 9] =\

1. U5mnamesiimu (CH,); (%) 81.57 81.59 68.89

2. USinamamisueulasenled (CO)):; (%) 27.68 24.73 42.62

3. Usinames luTasiou (N); (%) 0.95 1.35 0.92

4. dsmamalaTasou (H); (%) lsiny laiwy Tsin

5. USunamesla Tasinuda Tid (1,8); (ppm) 0.4 1.48 0.14

(44!



[} a Qd o a d
1.4 Wﬁﬂ'lﬁ‘l]533»1'lmf’]"lﬁN‘IJ53E’ﬁ’lﬁ‘ll?)\‘l!lﬂﬂﬂ]ﬁi’)ﬁﬂ'lﬁﬂﬂ!ﬂﬂ]ﬁﬂﬁ
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mnlszanslagszanas
grauls
Naunjagns 10% wanyagns 20%

X 3.4054 1.7490
k) 0.0535 0.0104
k, 15.9566 73118
k, 23292 3.8348
ko 1.0000 1.0000
i 1.0000 1.0000
a -0.9997 -0.9997
b 13.9986 13.9986
c -46.9859 -47.9856
a, 5.23E" 9.67E"
a, -1.02E” -1.02E”
a, -0.0444 -0.0037
ks 7.0081E’ 1.5000E’
ko 9.500E’ 1.5000E’

Error 9.2851 18.8624
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2.1 Yoyanwamsnaassninazneuaundsuunuwasazliniuwaw

145

. gamigh | USinamsiamwiuuniuwan (m) | YSinamasimmeuuliniuwan (m’)
o o) Ao avan Ao U azaw
1 32.5 0 0 0 0
2 32.5 0.19 0.19 0.41 0.41
3 31 0.2 0.39 0.6 1.01
4 30.5 0.24 0.63 0.56 1.57
5 31.5 0.17 0.8 0.51 2.08
6 32.5 0.08 0.88 0.26 2.34
7 32.5 0.11 0.99 0.1 2.44
8 32 0.2 1.19 0.18 2.62
9 32 0.24 1.43 0.18 2.8
10 32.5 0.3 1.73 0.22 3.02
11 31.5 0.12 1.85 0.09 3.11
12 29.5 0.16 2.01 0.07 3.18
13 30.5 0.16 2.17 0.14 3.32
14 29.5 0.14 2.31 0.09 3.41
15 28.5 0.08 2.39 0.02 3.43
16 30.5 0.13 2.52 0.21 3.64
17 31.5 0.15 2.67 0.19 3.83
18 31.5 0.1 2.77 0.12 3.95
19 32 0.1 2.87 0.11 4.06
20 31 0.06 2.93 0.02 4.08
21 32 0.11 3.04 0.12 4.2
22 31 0.04 3.08 0.05 425
23 31 0.05 3.13 0.06 431
24 29.5 0.03 3.16 0 431
25 28 0 3.16 0 431
26 29.5 0.05 3.21 0.08 4.39
27 31 0.03 3.24 0.12 451
28 30.5 0.01 3.25 0.03 4.54
29 31 0.06 331 0.1 4.64
30 31 0.03 3.34 0.03 4.67
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P a o A A qu o A
a.1 ‘Ui’)yﬁﬂﬁﬂ‘l'i‘nﬂﬁi’)\‘lWﬁﬂﬂ]“U‘U'Jﬂ1W!Wi’)Gl‘UQ11ﬂuﬂ§'Jﬁi’)u
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. NaN1INANDI
M - o o . > ;
agil () MY¥ADIU (m) Magzan (m)
1 29.5 0 0
2 32.5 0 0
3 32.5 0.05919 0.05919
4 31 0.55869 0.61788
5 30.5 1.34355 1.96143
6 31.5 1.41009 3.37152
7 325 1.51269 4.88421
8 32.5 1.54545 6.42966
9 32 1.47657 7.90623
10 32 1.17795 9.08418
11 325 1.1001 10.18428
12 31.5 0.89319 11.07747
13 29.5 0.63912 11.71659
14 30.5 0.3084 12.02499
15 29.5 0.10698 12.13197
16 28.5 0.9975 12.23172
17 30.5 0.2853 12.51702
18 31.5 0.31143 12.82845
19 31.5 0.31629 13.14474
20 32 0.28155 13.42629
21 31 0.07737 13.50366
22 32 0.21945 13.72311
23 31 0.14037 13.86348
24 31 0.14715 14.01063
25 29.5 0.06246 14.07309
26 28 0.00315 14.07624
27 29.5 0.05391 14.13015
28 31 0.07797 14.20812
29 30.5 0.07548 14.2836
30 31 0.10125 14.38485
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% a

a d A o
UNINENH ﬂﬁ!ﬂ‘ﬂ!!ﬁ%ﬂi%!ﬂuﬂﬂfJ:ﬂ"IWﬂl@Qﬁ%'U‘U

1. WansnAaesnNnnzneuaulni

YoyaninmInaass (Aznouaulnf)
SnaaEan e = 12165 1
S Sumaznewauiishszun = 80 1
- A1 TS venznowaUIdsEUY = 139.859 o1
_ A1 TS Up9nzNOUAUNDNIINTZUY = 15.978 o/l
_ 1 TDS veeaznouaUiItIszuY = 245 o1
_ A1 TDS veenznouaUiipanIINszUL = 9.7 o1
- A1 TSS vosaznouEURiTT I = 1122 ¢/
- A1 TSS Y0IAZNOUAUTNDBNIINTZUY = 5.75 o1
~A1TVS vesazneuEuiItIsEun = 22,653 of |
~ A1 TVS vesAzneuauiieanINgT Il = 245 g/l
_ @1 TFS v09aznouauiinss iy = 139.603 o1
_ @1 TFS 04AZnouaufiosna sz = 10.922 g/l
~ @1 BOD Y0eaznowauiinizy = 2334 g1
_ @1 BOD ¥09A2Nouaufionndnszul = 0.324 g/l
_ @1 COD YoenznouausL = 7.84 o1
_ 1 COD vpIAzneAUAinnnaINTLIY = 1.197 g/l
_ A K veeaznemauiinssun = 0.8165 o1
_ A1 K 499AZnemaufionna gyl = 0.6625 ¢ |

- Famatimu (% CH,) = 44.34%

1.1 52@NTMNMIMIAVDI5ZUD (% Removal)

L 3 AIDUNTINATZVY — AITOUNTIN0ONINTLL
152@NTNINMIAA (%) = — X 100
AIOUNTOMINTE L

a a o o 139.859 - 15.978
1.1.1 Ys2@nsmumsnidg TS ¥9952 U X100

139.859
88.57%

. a A Ia A dA < o o = v
< TOUNTYDUNTYDUS ﬂﬂwuamiuwwuaazﬂaaﬂu
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1.1.2 Y52@ns5nnmsnida TDS Y952 UL = 60.41%
1.1.3 Ys2@nsnmmsnida TSS ¥o952uU = 94.88%
1.1.4 Y52@n5numMsnda TVS Y9521 = 89.18%
1.1.5 Ysz@nsnmmsnida TFS ve952uU = 92.18%
1.1.6 Y52@NTNNNTH199 BOD 4995211 = 86.12%
1.1.7 Y52@n5NWMsida COD ¥9952 U = 84.73%
1.1.8 Y52@n5numsnIdn K ¥e95euy = 18.86%

G %

A 4 = -4 = d' a v o o a ¢ o
ﬂﬁu1mmmmnmuazﬂ%mmmmumumnmmumunmmumwgnm 2l

(Total biogas per wt.organic removal and total CH, per wt.organic removal)

a 4] { a 1 g‘ % a & o w .
YsmamadnuinaaetimingsdaunIdngniida (wt.organic removal)

a 4] { a -4 Qsl‘
USuamaFinmnninadunaua

Q(So - 9)

a (2] = A A 1 oy o a A A o w .
ﬂﬁﬂmﬂ”l“]ﬁJL'VI‘lWILﬂﬂG]’E)HTHL!ﬂﬁTif’Ju‘ﬂifJVIQjﬂfﬂ%ﬂ (I/wt.organic removal)

a A A a dgl o 3 @ ~
(wamadmnmiinaduniue X wosigumalimu)

: Q(So = S)

Q feollSuaazaeuunEiszuY (1)

A a a =4 a9
S, AoUTaaITUNTIVIRZNOUEUTNIANTZUY (g/D)

A a a - Jd A
S AUTINUATOUNTIVDIALNOUIAUNODNIINTZ LI (g/D)

a 2] = a 4] = A a ! g} Y = o v
1.2.1 smamaaamuazlsnamatimunineaeiimiin TS fgafiva

12.165
80(139.859 - 15.978)

0.0012 1/g TS removal
(12.165 X 0.4434)
80 (139.859 - 15.978)

0.00054 1/g TS removal

a [ qu/ 1 a 1 [
1FINaMFFINNNIUANAAADNTY TS =

a [ H a ] 1Y
snamesimunnanensy TS =

. a A da A dA < o o = o
< EATOUNTYDUNTYDUS ﬂﬂWu’Jmsluﬂ1u@\1!ﬂEJ’Jﬂu
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a (2 = a [ =\ A a 1 g/ Y A o w
1.2.2 USnamadinmuazlSnamalimuinaderimin TDS Ngniida
Y v
Ysunamasiinmiamuaitnaaensy TDS = 0.0103 g TDS removal
Ysunamaiimuiinaaensy TDS = 0.0046 1g TDS removal
a (2 = a [ = A a 1 g/ Y A o w
1.2.3 UsnamazinmuazlSinamalimuinadeimin TSS fignida
Y v
YSuamassimmiauaitnanensy TSS= 0.0014 Ig TSS removal
Ysuamaiimuiinanensy TSS = 0.00063 lg TSS removal
a (9 = a [ =\ A a 1 :’ @ A o w
1.2.4 USnamainmuazSnamalimuinadeimin TVS 1gniide
Y v
YTamaFinmwiaruaiinadensy TVS = 0.0075 lg TVS removal
YSnamatimuninadensy TVS = 0.0033 /g TVS removal
a 2] = a () =\ A A 1 oy o ~ o w
1.2.5 Usmnamadinmuazdsmamastimuiinaaetimin TFS igniiia
Y v
YTamaFinminaruaiinaaensy TES = 0.0012 Vg TFS removal
YSnamatimuninanensy TES = 0.00052 I/g TFS removal

o w

a (2 = a () =\ A A 1 oy @ ~
1.2.6 Usmamadinmmuazdsunamastimuninaderimiin BOD Ngniida
a [ 3 { a 1 Y]
USuamesFinmisivaninanensy BOD = 0.0757 1/g BOD removal
a [ { a 1 @
USunamelimuiitnaaensy BOD = 0.0335 1/g BOD removal
a (2] = a () =\ PPN 1 g} o ~ o w
1.2.7 Ismamassnmuazlsuamalimuninedeiiivin COD Ngnida
a 1) c?zl A a 1 [
UTamasFInmisiuannanonsy COD= 0.0229 1/g COD removal
a 4] A A 1 [
Usunamalimuninaaneniy COD = 0.0101 1/g COD removal
a 4] = a [ =1 A a 1 g’ Y] ~ o w
1.2.8 smamaaamuazlsnamstimunnagerimin K 1gnida
a 4] c?zl A a 1 [
UTamas3nminsiuannanoniy K= 0.9874 1/g K removal

Ysunamaiimuiinanensy K= 04378 Ug K removal

szifiudnamnussszuuriNnaznemaulni
oy INNINAADA
A A

- aznouauiTIAITIN 80 1

- aeNOUIAUYIN 80X1.37 = 109.6 kg

- nUNAZNOUIBY 30 MU

a %) {
-Finamsdnnnld 0012165 m’

- Fuametinu (% CH,) = 44.34%
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0.012165

1.3.1 Usunamsthamadininge u = 0.000406 m/d

a %) = 1 a
1.3.2 Ysnamsiinmaolsuasaznounau
Aa a o A Y 3
aznoumulsung 80 1 WﬁﬂﬂWclf“If’Jﬂ'lWllﬂ 0.012165 m

Coaznewaudiines 11 waamainmld X m’
(1x0.012165)

80
0.000152 m’  =(0.152 1)

. a a o = 4 3
. .G]gﬂ'E]ULa‘NﬂiiJ'lﬁi 11 Waﬁﬂ“lf“b")ﬂ’lwulﬂ 0.00015 m
9
1.3.3 ﬂﬁiﬂﬂ!ﬁT“B%’JﬂTW@]@ﬂTﬁﬁﬂ@gﬂGULﬁu
o a o A Y 3
ALNDULUYIUN 109.6 kg Wa@]ﬂ’]“b’“lf')ﬂ'lwllﬂ 0.012165 m

Coazneuauniin 1 ke Manmawiamld X m’
(1x0.012165)

109.6
0.00011 m’ ~(0.11 1)

CoaznouEunin 1 kg naama3nld 0.00011 m°
1.3.4 ndanuainnueui 1dnnmainmiinaannaznewaningd
91909doyaaIn http://en.wikipedia.org/wiki/Heat-of-combustion CH, i
AAuiougns 55.5 Ml/kg
90 CH, 100% fin1nusou 55.5 Ml/kg

. MaEan il CH, 44.34% fimanuden X Mi/kg
(0.4434X55.5)

1
24.6 Ml/kg

. MaBIA A CH, 44.34% HiAnnuiou 24.6 Mikg
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2. wamimamﬂﬁnmnamauwaummimmuazmnamauwauqﬁﬂ
o0 1NNINAADY (waummﬁmm 10%)
CSafaEanmirue = 12641 1
v .
- UTnaznemaunaunniiiaa 10% nnseun = 15 1
1 TS Yo9AZNDUAUNANANIAG 10% AITIT2UD = 131.423 g/l
- 1 TS UDIAZNDUAUNALAINTIAA 10% AOOAIINTZL = 128.8 g/l
 #1 TDS Y04AABUIALAANATNING 10% Adhsz1 = 123.6 g1
 #1 TDS Y04 ABUIALAALAINIING 10% H00NIIATEL = 69275 g/l
1 TSS UD4ALDUIAUHANAINNG 10% TNz1U = 18.3 g/l
 #1 TSS YDA ADUIALAANAINING 10% H00NINTEL = 12.875 g/l
-1 TVS Y09 ADUIALAANATNNG 10% Fdhsz1y = 94.42 g1
-1 TVS U04AZNDUIRUAELATNIIATA 10% H00nINTEUY = 87.579 g/l
1 TFS U04AENOUALAANAINING 10% Fdhszuy = 45.18 g/l
¢ TFS U04AENOMAUHANAINING 10% HDONIINTZUY = 33221 g1
- #1 COD UBnZNDUIAUNENMATIATA 10% 13201 = 105,084 g/l
- /1 COD UD4ALNDUAUNANMANIATA 10% HBBADINTEUL = 75.112 o1
- N Y09nZnOMEUNENAAIAG 10% Rd1szun = 7.3 /1
1 N UD9AZNDUAUNENAINIING 10% REBADINTEUL = 0.6 /1
1 P U099ZN0UIAUNALNAIAG 10% AITITEUD = 02137 g/1
1 P U099ZNOUIAUNELNINTAG 10% AOOAIINTZLU = 0.00961 /1
- 1 K U0992n0 MR uNaNnnihna 10% Ad1szun = 9.405 /1
- 1 K U09A2N0MWaUNENAINIINTG 10% R08N9INTEUL = 7.51 /1
1 C veangneMIRUAANNINTIAA 10% Tidhszuy = 87.3 g/1
1 C Y09nZABUIALAANMINIANA 10% HDONINTZUL = 70.9 /1
- #1 OM Y04ANBUIAURANAAIATA 10% Tidhszun = 150.1 /1
- #1 OM U4ANBUIAURANATAIATA 10% TOANTEUL = 121.9 g1

- Famestimu (% CH,) = 1.61%



2.1 U52@NEMNMINVAV9IITVUY (% Removal)

. 3 AFOUNTINANTZVY — F130UNTINDDNIINTELY
UszanFTnmMsneg (%) = — X 100
AIOUNIINANTEU

A a o 131.423 -128.8
2.1.1 Y52@nsmmmsniig TS Y9932 UY =\
131.423

1.99%

)XIOO

. a A da A P& 3 o o ) v
< L TOUNTYDUNTYDUS ﬂmmm‘lumummmrﬁu

2.1.2 Y52@ns5nnmsnda TDS Y952 UL = 43.95%
2.1.3 Ys2a@nsnmmsnida TSS ¥o952UY = 29.64%
2.1.4 Y52a@n5NMNMsnIa TVS Y9521 = 7.25%

2.1.5 Ysz@nsnmmsnida TFS ve952UY = 26.46%
2.1.6 Y52@n5NWMINIIA COD U952V = 28.52%
2.1.7 Y52@nsnmmsniia N 499521y = 91.78%
2.1.8 Ys2@nTNUMINIa P U095z uY = 95.5%

2.1.9 Y52a@nsnmmMInin K ¥995euy = 20.15%
2.1.10 Ysz@nTmnmsnida C ¥9952uY = 18.79%
2.1.11 Yse@nTmumsnida OM ¥e935eul = 18.79%

G %

y Z, LY da o
22 PinamasiimwezdSinamsiimuiifanetiminasdunidiignida
(Total biogas per wt.organic removal and total CH, per wt.organic removal)
Aa 24 = A a 1 oy o a A A o w .
‘]J'iinﬂ!ﬂ”l“]f“]ﬂﬂ"I‘WVILﬂﬂ@]i’)u"IWuﬂﬁ'ﬁ@u‘ﬂﬁfl‘ﬂfq]ﬂﬂﬁ]ﬂ (l/wt.organlc removal)
YsmnamaFinmininatuiaiue

Q(So - S)

a [ Aa 1 3‘ o a N o o_w .
Ysnamaimuiinaaemina15eun3dngniige (Vwt.organic removal)
(VwnamaFinmiieduianue X nlefiduiadimy)

. Q(So = S)

[ v v
e Q felSwamzneuaunaumnihiang 10% Mnszuy (1)
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A a a =4 31 A 9
S, AvilTmnamspunIdussazneuaUNANMINEIAIG 10% N5V (/1)

a a 4 31 {
S felsuadisouniduesaznouuRaunIniInia 10% Noonnszuy (g/l)

a 2] = a 4] = A a 1 g/ o A o w
2.2.1 5mamaminmuazalsunamaiimuninaaeiimiin TS fgnfida
126.41
15(131.423 - 128.8)

3.2128 1/g TS removal
(126.41 x 0.0161)
15(131.423 - 128.8)

0.0517 1/g TS removal

a [ qg/l y a 1 [y
FINaMEFINNNIUANAAADNTY TS =

a [ H a 1 19
Usnamasimunnanensy TS =

. a A da A CA 3 o o = @
< ATOUNTYDUNTYDUC ﬂﬂwuamiumummmw

o w

a %) = a [+ =~ A a 1 :’ o A
222 YsnamarnmuazlSnamalimuinadoimin TDS Ngniida
a %) aa/l { a 1 o
YSnamasmimwisnuainaaensy TDS = 0.1551 1/g TDS removal

Ysunamaiimuiinaaensy TDS = 0.0024 1g TDS removal

o w

a 4] a [ A a 1 g’ Y] ~
2.2.3 smamsrinmuazlsuamalimuninaaeiimin TSS Ngnida
a 1) c?zl A a 1 [
UTIamaFInmisiuannanonsy TSS = 1.5534 1/g TSS removal

YSamatimuninadensy TSS = 0.025 1/g TSS removal

o w

a (2] = a () =\ PPN 1 g} o ~
2.2.4 Usmamsminnuazdsnaumaimunmnaneiimiin TVS NnYNNIIA

Y
Ysuamasiinmimuaitnaaensy TVS = 1.8478 Ig TVS removal

Ysuamaiimuiinaaensy TVS = 0.0297 Ig TVS removal

o w

a (2] = a () =\ JREPN 1 g} o ~
2.2.5 snamasminmuazdsnamaiimuninaasiiiniin TFS NngnNnNIIA

v
YSuamassinmiauaitnanensy TES = 0.7046 1/g TFS removal

Ysunamaiimuiinaaensy TES= 0.0113 lg TFS removal

o w

a (4] = a () =\ A a 1 09; @ A
2.2.6 Usinamsminmuazdsnamaimunmnaasiiimiin COD ngnnIvA

Y
Ysuamasiinmimuaitiaaensy COD= 0.2811 Ig COD removal

Ysunamaiimuiinaaensy COD = 0.0045 Ig COD removal

o w

a (9 = a (4] = A a 1 g} @ ~
2.2.7 smamssinmuazdlsnamalimuininaneiiimiin N igniida
a %) Qle { a 1 [
UTamMesFInniauannanonsy N= 1.2578 1/g N removal

YSnamatimuiinadensy N= 0.0202 I/g N removal

o w

a [ = a () =\ A a 1 g’ @ ~
2.2.8 Usinamsminmuazdsnamaimunmaneimiin P ngnmia

U

k4 v
YTamaFinmiaruaiinanensy P= 41.2922 1/g P removal



a 4] { A 1 [
USuamatimuiinanensy P= 0.6648 g P removal
a (2 = a [ =\ A a 1 g/ Y ~ o w
2.2.9 YsnamarimmuazlSnamalimuinadeimin K fignida
a 4] qg/l { A 1 [
MUMFTPINNNIHUATNNARDNTY K= 4.4471 1/g K removal
Usuumes g
a 4] { A 1 [
USuamatimuiinanensy K= 0.0715 1/g K removal
a (2 = a [ =\ A a 1 g/ Y A o w
2.2.10 YsinamamimnuazlSinamalimuinaderimiin € Ngniida
a 4] qg/l { A 1 [
USuamaginwnaiuaiinanensy C= 0.5138 Ug C removal
a (9 { A 1 [
USuamatimuitnanensy C= 0.0082 lg C removal
a (2 = a () =\ A A 1 oy o ~ o w
2.2.11 smamasrinmuazlsunamalimuninedeiiiviin oM Ngnida
a (2] qu { A 1 [
FIMNNIHUATNAADNSTH OM = 0.2988 1/g OM removal
Usunaumasy g

YTnamatimunnadensy OM = 0.0048 1/g OM removal

2.3 UYszUADEMNYBISZTUUHINAZ NEHIAUNANMNINIAANAZAZ N UIAUNANYISY
Wo3yan1NNINAADY
A a
- aznewEauNlT NI 15 1
- AENOUAUNN 20.55 kg
- HuUNPENOUEAY 6 U
a (4] {
~USunaumeFInnn'ld 0.12641 m’
- Fmamastimu (% CH) = 1.61%

0.12641

2.3.1 Usuamsnamaininaoiu = 0.021 m/d

a ) = 1 a
2.3.2 Usnamsminmaellsunasaznounau
Aa a @ A Y 3
aznouaulsuiag 15 1 Nﬂﬁﬂ"l“b’clf?]ﬂ”lwhlﬂ 0.12641 m

Coaznewaudiines 11 waamainmld X m’
(1x0.12641)

15
0.00843 m’ ~(8.43 1)

. A a o = 2 3
Coaznouaudsunng 11 Waama Il 0.00843 m
Y
2.3.3 Usunamssimuaeiiminas noway
] a o A Y 3
ATNOUAUNIIN 20.55 kg HAAMFFINNIA 0.12641 m

. o a o = 4 3
Coaznouauniin 1 ke waamesannld X m
_ (1x0.12641)
B 20.55
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= 0.00615 m’ ~(6.15 1)
Coazneuaunin 1 kg waame3nm'la 0.00615 m’
234 ndanumanudoui ldnnmaFin minaannaznewauraunINhAIa 10%
é’Nquﬁ’ayamﬂ http://en.wikipedia.org/wiki/Heat-of-combustion CH, &
MANNToUANS 55.5 MI/kg
910 CH, 100% HA1n1u3ou 55.5 Ml/kg

. faFandl CH, 1.61% fianudeu X Mikg
(0.0161x55.5)

1
0.89 MJ/kg

. MaTn i CH, 1.61% fiamnuiou 0.89 Mikg
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3. Han1INARRIHITIAT N MEUNENMMNMalUFad uTAnA 1R

31 WihazneMAUMANMMNMa 4%

o0 1NNINAADA (waummﬁmm 4%)
S Eawianun = 48.94 1
S aingneuEURENMAIATE 4% Tz = 15 1
_ 1 TS UDIALADUIAUAALAINIINTG 4% T2 = 125748 g/l
-1 TS UDIALNDUIAUAALATAIATG 4% ADONIINTZUL = 94.841 g/l
- #1 TDS Y04 ABUIAUAALAINIIATE 4% RU1TEL = 79 g1
¢ TDS Y04 ADUIAUAALAINIINTG 4% ABONIINTZUL = 61,775 g/l
_#1 TSS YDA ADUIALAANAINIING 4% AUTT2UL = 46,748 g/l
1 TSS YDAZABUIAUAANAINIIAG 4% H0DNIINTZUL = 33.06 o1
- #1 TFS 099 ABUIRLAANNINIIAA 4% TA1T200 = 70,61 o1
- 1 TFS Y0992 UAANAINIAG 4% H00NIINTEIL = 38.692 o1
- #1 BOD U04agnoMAUHENMATIATG 4% 15z un = 37 o1
- #1 BOD U04A8NOUAUNANMAY AT 4% F0OANTZLY = 21.66 o1
- #1 COD UD4AENOUAUNENMATIATA 4% 152 UL = 50596 o1
- #1 COD UD4ALNDUAUNANMAYIATA 4% FOOAINTZLY = 36.67 o1
- 1 C YeanZnBMIRLAANNINTIIAA 4% TdhTEIn = 67.3 gl
1 C Y0NZABUILAANAINIIIAA 4% HDDNIINTTUL = 46.6 g/l
- #1 OM UDIANBUIRUAALATNIIATE 4% T2 = 115.8 g1
- 71 OM UIALNBUIAUNANAIAIIATA 4% HDONIINTZL = 802 g1

- Famatimu (% CH,) = 61.57%

3.1 UszanEmnnsMIAveIszuy (% Removal)

L 3 AIDUNITINATZVY — A1TOUNTIN0ONINTLL
152@NTNINMIANA (%) = — X 100
AIOUNTONINTE

A a o w 125.748 - 94.841
3.1.1.1 Yse@nsmnmsnida TS vose L ( ) X 100

125.748
24.58%

s

. a A Ia =~ 3 o o = @
< HITOUNTYIDUNTYIDUS ﬂmmmiumummmﬂu
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3.1.1.2 Yse@nsmumsnida TDS voseuy = 21.8%

3.1.1.3 Use@nsmumsnidn TSS ¥e9ssuy = 29.28%
3.1.1.4 Use@nTmumsnida TFS ¥e9s5suy = 45.2%

3.1.1.5 Use@nsmumsn1da BOD vodseul = 41.46%
3.1.1.6 Yse@nTmumsn1da COD vodseul = 27.53%
3.1.1.7 Yse@nsmmmsnida C ¥e95suy = 30.76%
3.1.1.8 Use@nTMmumMIn1aa OM ¥e952uy = 30.74%

G %

A Y b Y ¢a o
312 PBinamaiimweezdSinamstimuiifanetiminasdunigiignida
(Total biogas per wt.organic removal and total CH, per wt.organic removal)

a 4] { a 1 g‘ % a & o w .
YsmamadnuinaaetimingsdaunIdngniida (wt.organic removal)

a 4] { a -4 Qsl‘
USuamaFinmniinadunaua

Q(So—9)

a (2] =\ A A 1 oy o a A A o w .
ﬂﬁiﬂmﬂ']“]flll'i/]ucﬂlﬂﬂ@’ﬂu']ﬁUﬂﬁ'ﬁ@uﬂiﬂﬂQﬂﬂ'mﬂ (I/wt.organic removal)
v v v
(WSmataFnminetuiame X nlofiduialimu)

) Q(So —9S)

Y 1
e Q felSmamzneumunannniiiana 4% Nnszuy (1)
A a Aa A J gl Ay
S, AU EITIUNTIVRIA N U UNTNNINTIAIE 4% NIV (g/1)

a a -4 g’ 4
S ﬁ@ﬂimmmiauﬁﬂmmmﬂamauwﬁumﬂmma 4% NooNINITLUY (g/D)

a 2] = a 4] = A a ' g} Y ~ o w
3.1.2.1 smamaminmuazalsnamalimuninaaeiimiin TS Ngnfida

48.94
15(125.748 - 94.841)

0.11 1/g TS removal
(48.94 X 0.6157)
15 (125.748 - 94.841)

0.06 1/g TS removal

a [ qu/ 1 a 1 [
FINaMsFINNAIHUANAAADNTY TS =

a [ H a ] 1Y
snamesimunnanensy TS =

. a A Ja A dA < o o = @
< ATOUNTYDUNTYDUC ﬂmmmiumummmm



o w

a (2 = a [ = A a 1 g/ @ A
3.1.2.2 dsmamssimnuazdsnamsimuiinadeliimiin TDS Ngniida
a (2 qg/l { A 1 [
USinamasminwiimuaiinaaensy TDS= 0.19 1/g TDS removal

Ysmnamalimuiitnanensu TDS = 0.12 Vg TDS removal

o w

a [ = a [+ = A a 1 g/ @ A
3.1.2.3 Ysuamassinmnazlsnamsiimuninanotiimin TSS Ngnida

U

YSnamassinmiaruaiinaanensy TSS= 0.24 Ug TSS removal

Ysuamaiimuiinaaensy TSS= 0.15 lg TSS removal

o w

a %) = a 4] ~ A a 1 :’ o A
3.1.24 ﬂiiﬂ‘mﬂ1G]5°lf’Jﬂ1W!La$°]Jiiﬂmﬂ?“lim‘I/]uVlLﬂﬂG]’EJHWWUﬂ TFS n9nn1a

U

Y v
YTamadinmiaruaiinadensy TES= 0.1 g TFS removal

YFnamatimuninanensy TES = 0.06 Ug TFS removal

o w

a 2] = a () =\ A A 1 oy o ~
3.1.2.5 Usmamassinmuazlsuamalimuininadeiiiviin BOD 1gnida
Y v
YFamaFinmiaruainadensy BOD = 021 lg BOD removal
YTnamatimuninadensy BOD = 0.13 I/g BOD removal
a (2 = a () =\ A A 1 oy o ~ o w
3.1.2.6 Usmamassinmuazlsmamalimuininadeiiimiin COD Ngnida
Y v
Ysuamasiinmimuaitiaaensy COD= 0.23 l/g COD removal
Ysunamaiimuiitianensy COD= 0.14 1/g COD removal

o w

a (2] = a () =\ PPN 1 g} o ~
3.1.2.7 Ysmnamasinmuazlsmamalimuimnaneiimiin C Ngniaa
a 1) c?zl A a 1 [
UTNumMsFInNNauannanonsy C= 0.16 /g C removal
a [ d' a 1 1Y
Usuamalimuiinaasniy C= 0.09 Vg C removal

o w

a 4] a [ A a 1 g’ Y] ~
3.1.2.8 Usmamasrinmuazllsnamalimuninadeiiimin oM Ngnida

a 4] c?zl A a 1 [
UTINUMsFINNNuaNNanonsy OM = 0.09 1/g OM removal

Ysunamaiimuiinaanensy OM = 0.06 1/g OM removal

3.1.3  UseiudnamMnus sz uUHNNALNOUIAUNANMNIIAIG 4%
oy INNINAADA
A A
- agnouwauNlsuIaITIN 15 |1
- AENOUAUNIIN 20.55 kg
- nUNAZNOUIIBY 9 TU
a %) {
-Finamsdnnnld 0.04894 m’

- Smametinu (% CH,) = 61.57%

160



161

4894

3.1.3.1 Ysinamsifamasininas u = 0.00544 m’/d

a 2] = 1 a
3.1.3.2 Ysmnamasimmaedsunasaznouau
a a o = 4 3
aenoumulsnag 15 1 Wﬁﬂﬂ1°lf“l$’3ﬂ1wllﬂ 0.04894 m

Coazneuwauliines 11 waamainmld X m’
(1x0.04894)

15
0.00326 m’ ~(3.26 )

. a a o =~ 4 3
. .G]gﬂ'E]ULa‘NﬂiiJ'lﬁi 11 Waﬁﬂ“lf“b")ﬂ’lwulﬂ 0.00326 m
Y
3.133 ﬂ?lﬂmﬁ1%%’3ﬂ’lWﬁﬂﬁ’lWﬁﬂ@]$ﬂ@umu
@ a o A Y 3
ATNDULUYIUN 20.55 kg Wa@]ﬂ’]“b’“lf')ﬂ'lwllﬂ 0.04894 m

Coazneuauniin 1 ke manmawiamld X m’
(1x0.04894)

2055

0.00238 m’ ~(2.38 1)

Coaznouauniin 1 kg #aama3nm’la 000238 m’
3.1.34 ndamanudoud Idnnmainminaannaz newauraumniiea 4%
91909doyaaIn http://en.wikipedia.org/wiki/Heat-of-combustion CH, i
AAuiougns 55.5 Mi/kg
910 CH, 100% fin1nusou 55.5 Ml/kg

L BFanmi CH, 61.57% fimanudou X Mike
(0.6157X55.5)

1
34.17 Mlkg

. MaBI0 A CH, 61.57% fimanuiou 34.17 Mikg

3.2 HUNAZNOUIAUNTNNING N1 8%
Vo3 INNINAABI (HANNINKINA 8%)
a (4] = z
- USUUMEFININNINA = 18321 1
v v
-SinaaznouauraLNINIAIEa 8% MINTEUL = 15 1
v v
- A1 TS VonzNoUAUHANNINGIATG 8% NTNTEUY = 182.449 ¢/ 1
v v
- A1 TS Y9IAZNOUAUNTUNINTIAIEG 8% N109NINTZUY = 105.831 g/l
v v
- A1 TDS VednzNoUUHNANNNEIAIE 8% MANTEUY = 122.9 ¢/l

Y '
- A1 TDS Y04AZNOUAUNTNNINGING 8% NOONNTZUL = 79.15 g/l
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1 TSS Y0AZNBUIALAHANAINTIAA 8% TANT2UL = 59.594 g/l

- 1 TSS Y04AZNOUIALAANAINIIATA 8% HOONIINTZUL = 26.681 g/l
-1 TVS Y04nZnoUaUHALNAINIAA 8% TENTE1 = 103,50 g/l

-1 TVS Y040ZNOUAUHALAINIIAA 8% HDONIINTZUL = 59,095 g/1
1 TFS Y099 noMaUAANAINIIAA 8% TANT211 = 78.859 g/1

- 1 TFS 0492 NouauAHaNnINiIAa 8% H0onainssin = 46.736 g/l
- #1 COD ¥p4AENOMAUNTNMAI AT 8% MN3LUL = 97.3 g/1

- ¢ COD YodnzneuauHaNMAIG 8% MOONIINTZUL = 90.71 g/l

- USamatimu (% CH) = 7.73%
4

321 UYszanEmnnsMIaveIszuy (% Removal)

L . AFOUNTINANTZUY — F130UNTINDDNIINTELY
s2@NTANMTNG (%) = — X 100

A15OUNTINAITZU

3.2.1.1 U5£@nsnnn1sman TS Y9952V

182.449 - 105.831
X 100

182.449
41.99%

. a A Ja LA 2o o = @
. m‘mumaaumaﬁuq ﬂmmmiumummnﬂu

3.2.1.2 Yse@nTmnmMIn1aa TDS ¥odseUly = 35.59%
3.2.1.3 Yse@nTMmWMIn1aa TSS ¥e95eUl = 55.19%
3.2.1.4 Ys@NTMAMINAA TVS vodseUy = 42.95%
3.2.1.5 Use@nTmnmIn1aa TFS ¥095suy = 40.73%
3.2.1.6 Ysz@nTmnnNIsmaa COD Vo952l = 6.77%

= %4

A o = [ = d‘ a v ?; 7 a o’d‘ o
3.2.2 ‘1J‘§3~l1ﬁ!ﬂ1°lf“lﬁﬂ'l1/‘l!!ﬁl$‘lj%3~l1ﬂ!ﬂ1““Nmi!ﬂ!ﬂﬂﬂ?)u'mﬂﬂﬁﬁﬂu‘n gngnnIvn
(Total biogas per wt.organic removal and total CH, per wt.organic removal)
Aa (24 = A a 1 oy o a A A o w .
‘]Jilﬂﬂ.!ﬂ”l“]f“]ﬂﬂ”lWVlLﬂﬂ@]’ﬂl!”I‘ViLlﬂﬁ’Ti@Ll‘VIiEJ‘VIfq]ﬂﬂﬁ]ﬂ (I/wt.organic removal)
YSnamesiimmiinavuivua

Q(So - S)

a (2] =\ A a 1 g’ @ a A A o w .
“lJiiJ']ﬂ!ﬂ1G]51JWIu‘VILﬂﬂﬁ@uTﬂUﬂﬁWiGUﬂiﬂﬂgﬂﬂWﬂﬂ (I/wt.organic removal)
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a ) = A a d? q’/’ I3 o =)
(Smamadinminadunamus X wesidumaiimu)

i Q(So = S)

2 v
Q follsuaazreuuraNmmiing 8% Mgy (1)
A a a ~ oy Ay
S, AU EITIUNTIVRIA N U UNTNNINTIAIE 8% NWTTUY (g/1)

A a a =4 3, A
S AUTINUETOUNTIVRIALNOUAUNTUNINUING 8% NOBNIINTZUU (g/D)

a (2] = a () =\ JREPN 1 oy o ~ o w
3.2.2.1 smamamnmuazlsnamalimuninaaeiimiin TS Ngafiva

183.21
15(182.449 - 105.831)

0.16 1/g TS removal
(183.21 X 0.0773)
15 (182.449 - 105.831)

0.01 1/g TS removal

a 4] aa/l i A 1 [
UFNamMsFINNNIuaNNaAonsY TS =

a [ H a 1 @
Usnamsumunnanensy TS =

. a A Ia A A < o o s o
L @150UNIgaUNTIaUa nAUIM I ueuReIny
a (2] = a () =\ PPN 1 g} o ~ o w
3.2.2.2 smnamesrinmtazUsmamalimunmaneiiimiin TDS Ngniva
a 4] c?zl A a 1 [
UTamesFInmisivannanonsy TDS= 0.28 Ug TDS removal
a 1) A A 1 [
Usamalmuiinaneniy TDS = 0.02 /g TDS removal
a 1) = a [ =1 A a 1 g’ Y] ~ o w
3.2.2.3 smamarinmuazdlsnamaiimuininaneiiivmin TSS Ngniida
a 1) c?zl A a 1 [
UTamesFInnisiuannanonsy TSS = 0.37 /g TSS removal
a 4] A A 1 [
Usuamalimuninaneniy TSS= 0.03 /g TSS removal
a (9 = a () = A a 1 g} @ ~ o w
3.2.2.4 USmamesrinmuazlsmnamaimuiinaneiiivin TVS Ngnida
a 4 Qle PN 1 o
UsnamesFInnisiuannanonsy TVS = 0.27 lg TVS removal
a 4 PN 1 o
Usuamalmunnaasnsy TVS = 0.02 /g TVS removal
a (9 = a () = A a 1 g} @ ~ o w
3.2.2.5 smamarinimuazlsnamaiimuininaneiiivmin TFS Ngniida
a [ 09// { a 1 1Y
USuamainwisuaninanonsy TFS= 0.38 1/g TFS removal
a [ { a 1 1Y
USuamatimuiinanensy TFS= 0.03 /g TFS removal
a [ =\ a () =\ d' a 1 g} o d' o w
3.2.2.6 smamaminmuazllsunamalimuininaaeiiivin COD Ngnida
a [ 3 { a 1 [y
UTnamasminwiinuaiinaaeniy COD= 1.86 1/g COD removal

Ysnamalimuiinaaeniy COD= 0.14 Vg COD removal



323 UseiudngmMNUaIsTUVHNNALNOUIAUNANMNIIAIA 8%
o0 1NNINAADY
A A
- azneuwauNlsIIRIITIN 15 1
- AENOUIAUNIN 20.55 kg
- vunNeENOUE@Y 22 T
a (%) {
~USuame¥Innn'ld 0.18321 m’
- Fuametimu (% CH,) = 7.73%

0.18321

3.2.3.1 Usinamsifamasininas u = 0.00833 m’/d

a ) = 1 a
3.2.3.2 Ysmamasinmmaedsuiasaznouau
Aa a o A 4 3
aznoumulsuag 15 1 Nﬁ@]ﬂ?"l)’“lf’)ﬂ”lwllﬂ 0.18321 m

Coaznewandiines 11 waamainnld X m’
(1x0.18321)

15
0.01221 m’ ~ (1221 )

. A a o = 2 3
Coaznouaudsunng 11 waama I la 0.01221 m
Y
3.2.3.3 USinamsdiinimaethninaznouay
AzRBUIUNIIN 20.55 kg WaamsHInN1A 0.18321 m’

Coazaouunin 1 kg Maamadnnla X m’
(1x0.18321)

L

0.00892 m’ ~(8.92 1)

. % a o
Coazneuauniin 1 kg maamaw3nnla 0.00892 m’
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v { =) { a :l
3234 wmqmﬂ’;m%'auﬁ"lﬁ'mﬂﬂw%mwﬁNammﬂmﬂamaumumﬂmma 8%

5’1&8@%’@y’amﬂ http://en.wikipedia.org/wiki/Heat-of-combustion CH, &

AMANUSOUGNT 55.5 MI/kg
910 CH, 100% JA1nu3ou 55.5 Mi/kg

. AaFanwdl CH, 7.73% fianudeu X Mijkg
(0.0773x55.5)

1
= 429 Ml/kg

L M0 CH, 7.73% Hamnuiou 429 Mikg
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33 nHinaAzNoMAUNANMNIINIG 12%
%’agamnmsmam (Wﬁ'&lﬂ1ﬂ‘1:ﬂﬂ1ﬁ 12%)
a ) = 091/
-Snams3nunimue = 125.55 1
a g’ Y
- USuaazneuaunaumniiiaa 12% Mnsguy = 15 1
9 [
- A1 TSS U9IANOUIAUNTUNAIAG 12% ﬁl"’lghig“ﬂ‘ﬂ = 55.649 g/l
9 [
- A1 TSS U9IANOUIAUNTUNAYIAG 12% ﬁﬂ@ﬂ%']ﬂi%ll‘ﬂ = 15.041 g/1
P ]
- A1 TFS ¥09A N U UFNTNNINEING 12% ﬁlffl)'lﬁg‘]J‘U = 88.332 g/l
P ]
- A1 TFS Y0902 Na U UFNTNNINGING 12% ﬁﬁ]’ﬂﬂiﬂﬂig‘ﬂ‘u = 55.321 g/l
P ]
- A1 COD YR NaUaUNTNNINHINIG 12% ﬁlffl)'lﬁg‘]J‘U = 151.788 g/l

- 11 COD vY89AZNoUIaUNENNINKIAE 12% NPoNIINTEUL = 121.59 g/1

- Fuamestimu (% CH,) = 4.06%

33.1  Usz@nEmnmsnanveaszuy (% Removal)

L 3 AIOUNIINATZVY — ATOUNTIN0ONIINTLLL
152@NTNINMINNA (%) = — X 100
A3OUNTIMINTE L

A a o 55.649 - 15.041
3.3.1.1 Yse@nTmnmsnida TSS ¥e95e Ul — ) X100

55.649
72.97%

. a A Ja LA 2o o = @
. m‘mumaaumaﬁuq ﬂmmmiumummnﬂu

3.3.1.2 U52@n5nnn1smaa TFS 095201 = 37.37%

3.3.1.3 U52@nTN1NN157199 COD U9I5LUL 19.89%

G (v

Y ?)‘ LY q ! o
332 dSnamasiimneezlSmamaimunnaneimina5dunigngnmaa
(Total biogas per wt.organic removal and total CH, per wt.organic removal)
a (9 = A A 1 oy o a A A 0o w .
YTnamainwninaneimiinassunIgngniida (/wt.organic removal)
YsmnamaFinmiinaduiaiue

Q(So - S)




a [ = A a 1 g’ @ a A A o w .
ﬂimmmqmmumﬂﬂmumuﬂmiaumawgﬂmfoﬂ (I/wt.organic removal)

A
U9

333

a 4] = A a d? q’/’ I3 o =)
(Smamadinminadunamus X wesidumaiimu)

i Q(So = S)

9 [
Q feollsuaazreumuraNmnia 12% nnszuu (1)
A a a =4 oy A Y
S, AU EITIUNTIVRIAS N U UNTNNINIIAE 12% N Uy (g/1)

a a 4 g’ 4
S ﬁaﬂimmmsauw‘%'ﬂéummﬂaumuwﬁumﬂmma 12% NoONINTLUY (g/)

a %) = a =) ~ A a 1 :’ o A o w
3.3.2.1 smamarinmuazlsnamaiimuininaneiiivmin TSS Ngniida
125.55
15(55.649 - 15.041)

0.21 1/g TSS removal
(125.55 x 0.0406)
15 (55.649 - 15.041)

0.0083 1/g TSS removal

a 4] aa/l i A 1 [
UFINUMFFINNAINUANAAADNTY TSS =

a [ H a 1 @
Fnamsumunnaaonsy TSS =

o

. a A Ia A A < o = o
L @150UN5IaUNTgauq nA1uIM luiuewuReIny
a 1) = a [ =1 A a 1 g’ Y] ~ o w
3.3.2.2 smamerinmuazlsnamaiimuininaneiiivmin TFS Ngniida
a 4] c?zl A a 1 [
UsamesFnmisivaninanonsy TFS = 0.25 1/g TFS removal
a 4] A A 1 [
Usunamalimuiinanensy TFS= 0.01 g TFS removal
a 1) = a [ =1 A a 1 g’ Y] ~ o w
3.3.2.3 Usmamasrinmuazlsunamalimuininadeiiivin COD Ngnida
a 1) c?zl A a 1 [
UTama3Inmisiuainanoniy COD= 0.28 /g COD removal

Ysunamaiimuiinaaensy COD= 0.01 Ig COD removal

szl udnaMNUBITTUVHNNAZNBMAUNANNMNYTIMA 12%
oy INNINAAD
A A

- agnouwauNlsuIaTTIN 15 |1

- AENOUAUNIIN 20.55 kg

- nUNAZNOUIIBY 9 TU

a (%) {
-USuaumesFInnn'ld 0.12555 m’

- USmamastimu (% CH,) = 4.06%
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0.12555

3.3.3.1 USinamsifamasininas u ——,— = 00139 m’/d

a %) = 1 a
3.3.3.2 Ysuamasimmaedsuasaznouau
Aa a o A Y 3
aznoumulsuag 15 1 WﬁﬂﬂWclf“If’Jﬂ'lWllﬂ 0.12555 m

Coaznewaudiines 11 waamadinnld X m’
(1x0.12555)

15
0.00837 m’ ~ (837 1)

. a a o = 4 3
. .ﬁgﬂQULQUﬂ53J1@5 11 Wa@]ﬂ’]clﬂf'gﬂ'l‘wulﬂ 0.00837 m
Y
a %) 1 o o
3333 ﬂimmm%%’;mwcﬁ’amwuﬂmﬂamau
@ a o A Y 3
AsNOULUYIUN 20.55 kg Wa@]ﬂ’l“lf“]f')ﬂ’lwhlﬂ 0.12555 m

Coazneuauniin 1 ke Manmawiamld X m’
(1x0.12555)

© 2055

0.00611 m’ = (6.11 1)

Soaznouauniin 1 kg #aamaiinm’la 0.00611 m’
3.3.3.4 wdnuaudeui ldnniadnminaannaneuauraummima 12%
91909doyaaIn http://en.wikipedia.org/wiki/Heat-of-combustion CH, i
AMAuiougns 55.5 Mi/kg
910 CH, 100% finnusou 55.5 Ml/kg

- AFan i CH, 4.06% TiAudou X Mi/ke
(0.0406X55.5)

1
2.25 Mlkg

. MaBIA MR CH, 4.06% IA1nwfou 2.25 Mikg



168

4. wamsnAReaniinAzneMauRaNyagnsluTad ARy
41  nADAZNRMIAUNANYAGNS 5%
93y INNINAARI (HANYAGNS 5%)
- Smnafdn e = 14.03 1
- USmnmagneumurayagns 5% itz = 15 1
- /1 TDS YosaAznoURLAHANYATNT 5% idhszun = 235 /1
- #1 TDS Y04 NOUIALAANYATNT 5% NDONNTEUL = 20 g/
- 71 BOD v0dnznouauNauyagns 5% Mdssin = 444 g1
- 71 BOD Y04nZnouIauNauyagns 5% Moenainisiy = 3.442 g/
-1 P vosAznOUIRLAANYATNT 5% MdsEUn = 018523 g/
-1 P U090ZNOUIAUNANYATNT 5% N0ONIINTEUL = 0.18248 g/1
-1 K U09nznouaunauyagn 5% idhasun = 1374 /1
-1 K U09AZN0UIAUNTNYATNT 5% N00NINTEUL = 1.145 g/
-1 C veangneumUAANYAgNT 5% AIt1Izun = 50.1 g/l
-1 C YDINZNBUINLAANYAANT 5% DONINTZUY = 458 g/
- 71 OM Yo9nZNOUIAUNANYATNT 5% Tdhazun = 86.1 g/
- 71 OM UDIAZNOUIAUNANYATNT 5% NDONIINTZUL = 788 o1

- Fametinu (% CH,) = 81.57%

4.1.1  YszanEMnNsMIAV8ITZVY (% Removal)

o 3 ATOUNTINANTZUY — F130UNTINDDNIINTELY
‘]J'igﬁ‘ﬂ‘ﬁﬂ"I‘Wﬂ']ﬁﬂ'ﬁ]ﬂ (%) = . X 100
a a9
ATOUNIININTLVY

- A Y o 23.5-20
4.1.1.1 Usza@nsmumsnioa TDS U845 UY = —5s ) X100
= 14.89%
. a  ada  add < o 0 2 o
L @5oUNsgaUNIgauq nAud Il ueuReIny
4.1.1.2 U52@nsnINN15A19A BOD ¥095sUU = 22.48%
4.1.1.3 Usza@nsnnmsnion P veassul = 1.49%

4.1.1.4 Usga@nsmMnmsnion K ¥9952U1 = 16.67%



4.1.1.5 Usz@nsnnmsmnien C voaszul

8.58%

4.1.1.6 Us£@n5NNNsHI9a OM Y9952 UL

8.48%

G v

4 S 4 ! A a v % a dal o
4.1.2 ﬂ“immmmmﬂmuagﬂ%ﬁu1mmmumumnﬂﬂ’aumunm‘mu‘n angnnian
(Total biogas per wt.organic removal and total CH, per wt.organic removal)
a (9 = A a 1 g} o a ada o w
ﬂﬁJ']fL!ﬂ1“]5%3ﬂ1w1/llﬂﬂﬂf)u1‘ﬁuﬂﬁ'ﬁ’é]l!’ﬂ'ifJ‘VIQﬂﬂ'ﬁ]ﬂ (I/wt.organic removal)
' k4 9
Ysnamsinmiinaduiavug

Q(So - 9)

a 2] =\ A A 1 oy o a A A o w .
Ysunamsimuiinaaeiimina15aun3dngniige (Uwt.organic removal)
(WSmataFnminatuiame X nlesidumaiimu)

: Q(So = S)

4 a { g
We Q ﬁaﬂimmmﬂaumuwauy’aqﬂi 5% 5Eu (1)
A a a A Y
S, ﬂ@ﬂiﬂ?ﬂ!’dﬁ@u‘ﬂiﬂﬂlﬂﬁﬁ%ﬂﬂulauﬂﬁuuﬂﬁﬁﬂi 5% MU1TEUU (g/l)

A a a A o A
S ﬂ@ﬂih?ﬂ!’dﬁ@u‘ﬂiﬂﬂlﬂﬁﬁ%ﬂﬂulfduWﬁiJlI”ﬁ’Q(ﬂ‘i 5% NDBNIINTSUY (g/l)

o w

41.2.1 ViinahadnnmuazSinafatimuiifasermiin Tos figniida
14.03
~ 15(23.5-20)
0.27 1/g TDS removal
(14.03 X 0.8154)
15 (23.5 - 20)

0.22 1/g TDS removal

a [ 3 H a 1 @
1FINUMFBFINNNIUANINAADNTY TDS

a 4] PN 1 o
IFnamasimuninanensy TDS

. a A da A dA < o o = o
< EATOUNTYDUNTYDUS ﬂﬂWu’Jmsluﬂ1u@\1!ﬂEJ’Jﬂu

o w

a (4] = a () =\ PPN 1 09; @ A
4.1.2.2 YsnamaminmuazlSinamalimuinaderimin BOD fignida
a 4] 09// { a 1 [
USuamasinwiauaiinanensy BOD = 0.94 1/g BOD removal

Ysuamaiimuiitnanensy BOD= 0.76 1/g BOD removal

o

a (4] = a () =\ A a 1 09; @ A
4.1.2.3 YsmnamasimwiazUsunamsimuninanotiimviin P 19niiaa

Y

4 H
YsmnamaFimwiauaiinadensy P= 340.12 Ig P removal

Ysmnamalimuiinanensu P= 277.33 /g P removal
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4.1.3

o w

a [ = a [ = A a 1 g/ @ A
4.1.2.4 YsmnamasimwazUsnamsimuninanetiimiin K ngnmia

U

a 4] qg/l { A 1 [
USuamainnnuaiinanensy K= 4.08 lgK removal

Ysuamaiimuiinanensy K= 3.33 Ug K removal

o w

a [ = a [+ = A a 1 g/ @ A
4.1.2.5 YsmnamasimwiazUsnamsimuninanetiimin C N19niiaa

u

a 4] qg/l { A 1 [
USuamainwiuaiinaanensy C= 0.22 1/g C removal

Ysunamaiimuiineaensy C= 0.18 /g C removal

o w

a %) = a 4] ~ A a 1 :’ o A
4.1.2.6 ﬂiiﬂ‘mﬂ1G]5°lf’Jﬂ1W!La$°]Jiiﬂmﬂ?“lim‘I/]uVlLﬂﬂG]’EJHWWUﬂ OM ngnnNIaa

U

Y v
YTamaFinmiaruainaaensy OM = 0.13 l/g OM removal

YFamatimuninadensy OM = 0.1 /g OM removal

UsziuADEMNYBIsTUUHINAZ NBUIAUNTNYATNS 5%
Wo3yan1NNINAADY
A (a

- aznouuNYTIINITIN 15 1

- AZNOUAUNUN 20 kg

- ninAzNBUAU 24 T

a ) {
- USunamadinwi1é 0.01403 m’
- Fametinu (% CH,) = 81.54%

0.01403

4.1.3.1 USnamsipamasininas u = 0.000585 m’/d

a 2] = 1 a
4.1.3.2 “]J‘iiJWmﬂ1G]5°]f’Jﬂ1WG]E]’]JillW]iG]gﬂf]‘uLﬁu
a a o = Y 3
Gl%ﬂfl‘ulﬁ‘uﬂilﬂﬁi 15 1 NﬁﬁﬂWGﬂG]S’Jﬂ1Whlﬂ 0.01403 m

Coaznouanl3unes 11 paamaFinmld X m’
(1x0.01403)

15
0.000935 m’  ~(0.935 1)

. a a o = 2 3
Coaznouaulsuias 11 Waﬁﬂ’]“ﬁ“b’i]ﬂ’lwulﬂ 0.000935 m
9
4133 ‘]Ji?ﬂmﬁ1“]5%3ﬂ"|‘1/‘|@]i’)ﬂ"lﬁﬁﬂ@]$ﬂ@ulau
@ a o =R 14 3
AznNIUIUNUN 20 kg NaﬂﬂT“ﬂ%’Jﬂ1Wllﬂ 0.01403 m

Coazneuauniin 1 ke maamawiamld X m’
(1><0.014-03)

20
0.000702 m’ = (0.702 1)
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Coazneuaunin 1 kg waameinmla 0.000702 m’
4.13.4 wé’wmmm%’auﬁ"lé'mﬂf‘ﬁ”w%mwﬁwﬁmmﬂmﬂamauwamvaqm 5%
é’Nquﬁ’ayamﬂ http://en.wikipedia.org/wiki/Heat-of-combustion CH, &
AMANNToUANS 55.5 MI/kg
910 CH, 100% HA1nu3ou 55.5 Ml/kg

. faFanndl CH, 81.54% fimanuden X Mi/kg
(0.8154X55.5)

1
4525 MJ/kg

. M0 i CH, 81.54% Tisinnuiou 4525 Mikg

42  wipAzneMAUNANYAgNT 10%
Uo3aINNINAABI (WANYAYNS 10%)
- Bmnafin e = 6542 1
- SmmagneumuRayagns 10% fdhszuy = 15 1
- /1 TDS Y09nZNOUIAUNANYATNT 10% Midhszuu = 2425 /1
- /1 TDS Y09nZNOUIAUATUYAANT 10% T00NINTZUL = 19.49 g/
- 71 BOD vp4agnouaunauyagns 10% Aidiszun = 516 1
- 71 BOD U04agnoUaUNaURAgNT 10% 0ennnizul = 2126 g/l
- /1 COD vpsaznoUaUHaNYAgNT 10% Aid1szun = 7.02 /1
- /1 COD Y04AENOUIAUNEUYATNT 10% 0BANINTEUL = 6.9768 g/
-1 P U090ZNOUIAUNANYATNT 10% Nidhszul = 0.18504 g/
-1 P U090ZNOUIAUNANYATNT 10% N00NNTEY = 0.16676 g/ 1
-1 C veanzneuIMUAANYAgNT 10% Tdhasun = 564 g/l
-1 C YIALNOUIAUNAULAGNT 10% TI0ONNTEUL = 492 g/
- #1 OM YpaAENOUIMUAANYATNT 10% Tud1ssuu = 97 g/
- #1 OM ¥04AENOUIAUNANYATNT 10% NOONINTLLY = 84.6 g1

- Famatimu (% CH,) = 81.59%



421  Usz@nEmMnmMInInveIszUY (% Removal)

. . AFOUNTINANTZVY — F130UNTINDDNIINTELY
UszanFTnmMsneg (%) = — X 100
AIOUNIINANTEU

5 a o 24.25-19.49
4.2.1.1 Uszaninmnismida TDS 109352V I

24.25
19.63%

)XlOO

. a A da A P& 3 o o ) v
< L TOUNTYDUNTYDUS ﬂmmm‘lumummmrﬁu

4.2.1.2 Uszansnmnismia BOD ¥0452UU = 58.79%
4.2.1.3 Uszansmmnismia COD vo452UU = 0.62%
4.2.1.4 Uszansmwmsida P ¥e9szuy = 9.88%
4.2.1.5 Uszansmwmsida C ¥e95zuY = 12.77%
42.1.6 Uszanimmmsmia OM vedseuy = 12.78%

G %

422  BunamsiinmezlSnamsimuifadetihwinasdunidngnidn
(Total biogas per wt.organic removal and total CH, per wt.organic removal)
a 2] = A a ! 3) o a A A o w
YFnumadimwiinaaetimina15aun3gNngnnida (Vwt.organic removal)
v 9 9
YsnamaFinmiinaduiaiuae

Q(So—9)

a (2] = A A 1 oy o a A A o w .
ﬂﬁiﬂmﬂ']“]flll'i/]ucﬂlﬂﬂ@’ﬂu']ﬁUﬂﬁ'ﬁ@uﬂiﬂﬂQﬂﬂ'mﬂ (I/wt.organic removal)
(wnamaFinmiieduianue X nlefiduiadimy)

. Q(So = S)

o Q fAelSunmazneumuwauyagns 10% Mdszuy (1)
A a a =4 A 9
S, AvUFImEITBUNIIVeIRZNEUAUNANYANT 10% NNV (/1)
a a -4 {
s felSnamssunidvetnznouauraNyagns 10% Ne0nNTZUY (g/1)

o w

a 4] = a [ =\ A Aa 1 09; o A
4.2.2.1 smamaaamuazlsunamatimuninadeiimiin TDS Ngnfiia
65.42
15(24.25 - 19.49)

a [ 3 { a 1 [y
T INaMEBFINNNINANINANDATY TDS

172



4.2.3

0.92 1/g TDS removal
(65.42 x 0.8159)
15 (24.25 - 19.49)

0.75 1/g TDS removal

a [ H a 1 [
Usnamasimunnanonsy TDS

. a A Ia A LA S o o = @

L EAIoUNIIoUNIIOUY N u TuiueuAeIiY

a (2 = a [+ = A a 1 g/ Y ~ o w

4.2.2.2 YsnamaminmuazlSinamalimuimnaderimin BOD fignida

a %) aa/l { a 1 o

YSnamasminwiinuaiinaaensy BOD = 1.25 1/g BOD removal
a %) { a 1 @

USunamasimuiinaaonsy BOD = 1.02 1/g BOD removal

o w

a (2 = a () =\ A A 1 oy o ~
4.2.2.3 YsmnamasimwtazUsunamsimuninanetiivin COD ngnnNIIA

Y v
YTamaFinwiaruafnadensy COD = 100.95 lg COD removal

YTnamatimuninanensy COD = 82.37 I/g COD removal

o w

a (2] = a () =\ A A 1 oy o ~
4.2.2.4 YsmnamasimwiazUsunamsimuninanotiivin P 19ni1aa

QU

Y v
YTamaFinmiaruaiinanensy P= 238.58 1/g P removal

YFamatimuninadensy P= 194.66 lg P removal

o w

a (2] = a () =\ PPN 1 g} o ~
4.2.2.5 YsmnamasimwiazUsnamsimunnanotiimiin C N19ni1aa

a (2] 3 { A 1 [
USuamasinwiuaninanonsy C= 0.61 1/g C removal
a (2] { a 1 [
USuamaimuiinanensy C= 0.49 1/g C removal

o w

a 1) a [ A a 1 g’ Y] ~
4.2.2.6 smamariamuazlsunamalimuninedeiimin oM Ngnida

a 4] c?zl A a 1 [
UTINumMsFInninauannanonsy OM = 0.35 1/g OM removal

Ysunamaiimuitnaanensy OM = 029 1/g OM removal

UsziuAnEMNYBIsTUUHINAZ NOUIAUNANYATNS 10%
oy INNINAADA
A (A

- aznowaulsNaIsIn 15 1

- AZNOUAUYN 20 kg

- HUNAZNOUAU 30 TU

a [9) 1
- YFamestinnild 0.06542 m’
- Famatimu (% CH,) = 81.59%

0.06542

4.2.3.1 USnamsinamasininasu g - 000218 m’/d

173



174

a [ ~ 1 a
4.2.3.2 1sams¥innaslsuinsazneumy
Aa a o A Y 3
aznouEaUlT NG 15 1 HAAMIYTININ A 0.06542 m

Coazneuwauliines 11 waamaainmld X m’
(1x0.06542)

15
0.00436 m’ ~(43.6 )

. Aa a o = 9 3
Coazneuaudsuas 11 Nﬁ@ﬂ?“ﬁ“lﬂﬂ'lwblﬂ 0.00436 m
9
4233 ﬂﬁiﬂﬂ!ﬁT“B%’JﬂTW@]@ﬂTﬁﬁﬂ@gﬂGULﬁu
5 a o = 14 3
ATNDULUNIUN 20 kg Wa@]ﬂ’]“b’“lf')ﬂ'lwllﬂ 0.06542 m

Coazneuauniin 1 ke Manmawiamld X m’
(1x0.06542)

20
0.00327 m’ ~(3.27 1)

Coaznouauniin 1 kg #aamainm’la 000327 m’
4234 nisnuanudeuiildnnmadinmiinaannazneuaunauyagns 10%
91909doyaaIn http://en.wikipedia.org/wiki/Heat-of-combustion CH, i
AMAuiougns 55.5 Mi/kg
910 CH, 100% Hin1nusou 55.5 Ml/kg

- AFanmil CH, 81.59% fimanudou X Mikg
(0.8159X55.5)

1
4528 Ml/kg

. MaTn i CH, 81.59% tisinnuiou 4528 Mi/kg

43 wiipaznaMAUNANYAGNT 20%
Yo3aINNIINAADI (WANYAYNS 20%)
e mitone = 82.92 1
- SmmagneumuRaNYagns 20% fdhszuy = 15 1
- 71 BOD wonznouiaurauyagns 20% iidnszun = 846 g/l
- 71 BOD U040ZnoUIauNeuyagns 20% 1oonnnszun = 1289 g/
- 1 COD YoaagnOUAUNEUYALNT 20% M35 U1 = 12.06 ¢/1
- 1 COD U04ALNOUAUNENYATNT 20% DOAINTZUY = 6.5892 ¢/

- 1 C Y0IRNOUAUNTNYATNT 20% NANT2UU = 76.6 ¢/



- A1 C YBIASADUAUNANYAYNT 20% NOBNINTZUD = 73.4 g/l
- 11 OM Y0IANOUIAUNTNYAANT 20% NdszUD = 131.8 /1
- A1 OM VOINENOUAUNANYATNT 20% NOBNINITEVY = 1262 g/1

- Fuametinu (% CH,) = 68.89%

43.1  Usz@nEmnmInInveIszuy (% Removal)

L 3 AIDUNIINATZVY — AITOUNTIN0ONINTLL
Yszansmumsnig (%) = N X 100
AIOUNTIMANTE LY

4.3.1.1 Usza@nsnnnsnign BOD U455

(8.46 -1.289
8.46
84.76%

)XIOO

. a A Ia A dA S o o = @
< HITOUNTYIDUNTIDUS ﬂﬂ1u3m1Uﬂ1ummﬁl’mu

43.1.2 Usz@nsnMnmsnign COD ved4ssUY = 45.36%
4.3.1.3 Usz@nsmMnmsnien C voaszul = 4.18%
4.3.1.4 Us£@nsnnMsnion OM Yo952U1 = 4.25%

G %

4 = -4 = A a Vo o a da o
4.3.2 ﬂ%mmmmmn muagﬂ%um!mmumumnﬂﬂaumunmﬁ@mmﬂ‘ngﬂm 2

(Total biogas per wt.organic removal and total CH, per wt.organic removal)

[

a 1) = d' a 1 :) o a = c’d‘ o
YFnumasimwininanetimina15aun3gNngnnda (Vwt.organic removal)
YSinamaFimwninavuiaua

Q(So - S)

a [ Aa 1 3‘ o a N o o_w .
Ysnamaimuiinaaemina15eun3dngniige (Uwt.organic removal)
(VwnamaFinmiieduianue X nlefiduiadimy)

. Q(So = S)

o Q fAellSunmazneumuwauyagns 20% Mdszuy (1)
A a a =4 A 9
S, AvUFImEITBUNTIVOIRZNEUAUNTNYANT 20% NNV (/1)

a a -4 {
S ﬁaﬂsmmmsaumﬁﬂﬂjmmﬂamauwﬁuy‘aqﬂi 20% NooNINTLUY (g
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o w

a 2] = a 4] = A a 1 g/ Y A
4.3.2.1 smamaaamuazlsnamalimuninadeiivin BOD 1gnida
82.92
15(8.46 - 1.289)

0.77 1/g BOD removal
(82.92 x 0.6889)
15 (8.46 - 1.289)

= 0.53 I/g BOD removal

a [ qg/l y a 1 [y
FINuUMEBFININNIUANINAADATY BOD

a () H a 1 I
snamsimunnanensy BOD

. a Ja 7 A < o o Y

L asdunsdounIdoun nevia luiueadediy

a (9 = a [ =\ A a 1 :’ @ A o w

4.3.2.2 YsnamarinmuazSunamalimuinaderimin COD Nignida

a 9 aa/l { A 1 [

USuamaginwiauaiinaaensy COD = 1.01 /g COD removal
a 9 { A 1 [

USuamatimuiinaanensy COD = 0.69 1/g COD removal

o w

a 4] = a [ =\ A A 1 :’ Y] ~
4.3.2.3 smamaaamuazlsunamstimunineaeiimiin C gnfida
a 4] = aa/l A A 1 [
UTamesFInninauannaanonsy C= 1.73 /g C removal
a [ d' a 1 1Y
Usuamalmuiinaaeniy C= 1.19 Vg C removal

o w

a 1) a [ A a 1 g’ Y] ~
4.3.2.4 smamasramuazlsnamatimuninedeiimin oM Ngnida

Y v
Ysuamasiinmimuaitiaaensy OM = 0.99 I/g OM removal

Ysnamaiimuiitnanensy OM = 0.68 1/g OM removal

433 dszdiudnemMnveaszuuninazneMaUNaNagnT 20%
1o 1NNIINAND
A A
- aznowaullsuaiw 15 1
- AZNOUAUNUN 20 kg
- ninAzABUEY 30 TU
a 4 {
- USinamaainmi 18 0.08292 m’
- UTanamafimu (% CH,) = 68.89%

0.08292 \
——— =0.00276 m/d

43.3.1 USnamsihamasininas u
a [ =1 1 a
4.3.3.2 Usuamsyinnaslsuinsazneumy
A a o A Y 3
aznou@aUlT NG 15 1 HAANIYTININ A 0.08292 m

. Aa a o = 4 3
Coaznouwaudsuns 11 Na@ﬂwcﬁﬂf'}ﬂﬁlwblﬂ X m
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(1x0.08292)
15
= 0.00553 m’ ~(5.53 1)

. a a o = 14 3
Coazneuaudsues 11 Wa@]ﬂ’]%“b"]ﬂWWUlﬂ 0.00553 m
Y
4333 ﬂimmﬁvw%mwmBﬁmﬁﬂmmumu
@ a o = Y 3
peNoUUYUN 20 kg Waﬁﬂ’l“ﬁ"]ﬂﬂTWulﬂ 0.08292 m

CoaznouEunin 1 kg Maama3nnld X m’
(1%0.08292)

20
0.00415 m’ ~(4.15 1)

Coagneuaunin 1 kg waame3nmla 0.00415 m’
4334 nisuanudeuiildanmatinmiinannnazneaunauyagns 20%
é’n?ﬁqqﬂfagamﬂ http://en.wikipedia.org/wiki/Heat-of-combustion CH,
Aanuiougns 55.5 Mi/kg
910 CH, 100% HA1nu3ou 55.5 Ml/kg

- AFan il CH, 68.89% fimanudou X Mike
(0.688955.5)

1
30.23 MJ/ke

. MaBI0 A CH, 68.89% Himanuiou 30.23 Mikg
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5. wamsnaavInNnaznouaulnAuuunIUNaNmaz LN IuNaN
5.1 UsziudnagmMnusssUUnNNAznoMauUNALUUNIUKNEN
o0 1NNINAADA
A a
- azneuEauNTINTIIN 15 1
- genoUIUNEN (15X1.37) =20.55 kg
- vunNeZNOUE@Y 30 TU

- USamasininn 1 0.00334 m’

0.00334

5.1.1 USunamsmname3inimaoiu = 0.000167 m’/d

a ) = 1 a
5.1.2 Ysmnaumasinmaslsunasaznouau
Aa a o A Y 3
aznoumulsuag 15 1 Nﬁ@]ﬂ?"l)’“lf’)ﬂ”lwllﬂ 0.00334 m

Coaznowaudiines 11 waamadinnld X m’
(1x0.00334)

15
0.000223 m’  ~(0.223 1)

. A a o = 2 3
Coaznouwaudlsung 11 waama3imnld 0.000223 m
Y
5.1.3 USunamasinmaeiiminas nouau
AZRBUIUNIIN 20.55 kg WaamsHINN]A 0.00334 m’

Coazaouunin 1 kg Maamadnnla X m’
(1x0.00334)

2055

0.000163 m’ =~ (0.163 1)

CoaznouEuniin 1 kg naama3inn’la 0.000163 m’

5.2 szimiudnannvesszuuriinaznouaulnfivuuluniunas
Yoy INNIINAND
A A
- agnouwauNlsuIaITIN 15 |1
- penoUIUNUN (15X1.37) =20.55 kg
- vunNazNOUIE@Y 30 U

- USmamadininn 1d 0.00467 m’

0.00467

5.2.1 Sinamsmameinimaeiu = 0.000156 m’/d
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a [ ~ 1 a
5.2.2 samasiininaslsuinsazneumay
Aa a o A Y 3
aznouEUlT NG 15 1 HAAMYTININ A 0.00467 m

Coazneuwauliines 11 waamaainmld X m’
(1x0.00467)

15
0.000311 m’  =(0.311 1)

. Aa a o = 4 3
Coaznouwandsuns 11 Nﬁ@ﬂ?“ﬁ“lﬂﬂ'lwblﬂ 0.000311 m
9
523 ﬂﬁiﬂﬂ!ﬁT“B%’JﬂTW@]@ﬂTﬁﬁﬂ@gﬂGULﬁu
@ a o A Y 3
ASNDULUYIUN 20.55 kg Wa@]ﬂ’]“b’“lf')ﬂ'lwllﬂ 0.00467 m

Coazneuauniin 1 ke Manmawiamld X m’
(1x0.00467)

20.55
0.000227 m’ ~(0.227 1)

CoaznouEunin 1 kg naama3nnld 0.000227 m'
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= [ = d‘ Y v A
Wan1INAaRINanmMasInNR]Y Wl uAS IS U
UszudnennUe 93z uUMIHanM TN N IF Ml uAS IS o U
9

VBYAVINNIINAADN (ATNDHIAUNANYAGNT 20%)

- AENOUIAUNTNYATNT 20% NTINTTIN 600 1

- HIAMFAININSIUIY 4 69 600X4 = 2,400 1

- agnowan 480 1(1 1 Win 1.37 ke) 480X1.37 = 657.6 kg
-yagns 120 1(1 1 win 1.08 k) 120X1.08 = 129.6 kg
- AZNOUIAUNTNYATNT 20% Wi 787 ke 787X4 = 3,148 kg

- vunNPENOUE@Y 20 T
- USnamadinnnla 13.42629 m’

- Fuamastinu (% CH,) = 68.89%

13.42629
20
a ) = 1 a
6.2 Usunaumsyinmaolsuasaznounau

6.1 USamanamssInna o = 0.67 m/d

AZNOUIUNANYAENT 20% USR5 2,400 1 waamaTinnld 1343 m’

L AznouUNANYagNT 20% USuas 1 1 waamadinmld X m’
(1x13.42629)

2,400
0.0056 m’ ~(5.6 1)

. a a o =
L aznoulauNauyadns 20% Usmas 1 1 waamadinmla 0.0056 m’
a %) = 1 3’ Y
6.3 ﬂimmm%mmwmmmmmﬂamau
o a o
AZNOUIAUNTNYAANT 20% 41N 3,148 kg WwAAMaEINMIA 1343 m’

L AZNOUIAUATNYAENT 20% Wiin 1 ke waamadinmld X m’
(1x13.42629)

3,148
0.00427 m’ X (4.27 1)

L AZNOUIAUAHANYAENT 20% Wiin 1 kg waanadinwla 0.00427 m’
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a o = d‘ Y v A
uwum‘maﬂmmmmwmﬁlmm”!uﬂ‘msau

i St
3 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 2 23 24 25 26 27 28 29 30
1 0842 | 0378 | 038 | 0369 [ 0204 | 0275 | 0223 | 0159 | 0077 | 0026 | 0024 | 0071 | 0077 | 0079 | 0070
2 0842 | 0378 | 038 | 0369 [ 0204 | 0275 | 0223 | 0159 | 0077 [ 0026 | 0024 | 0071 [ 0077 | 0079 | 0070
1.684
065 | 1.034
1790
2065 | 1140
1912
<065 | 1262
2.000
2065 | 1350
1938
065 | 1288
3 0000 | 0000 | 0014 [ 0139 | 0335 | 0352 | 0378 | 038 | 0369 | 0294 | 0275 | 0223 | 0159 | 0077 [ 0026 | 0024 | 0071 [ 0077 | 0079 | 0070
4 0000 | 0000 | 0014 [ 0139 | 0335 | 0352 | 0378 | 038 | 0369 | 02904 | 0275 | 0223 | 0159 | 0077 [ 0026 | 0024 | 0071 [ 0077 | 0079 | 0070
1.838
065 | 1188
1.634
0.65 | 0984
1.330
0.65 | 0.680

-0.65 0.462

1.184

-0.65 0.534

1.286

-0.65 0.636

1.534
-0.65 0.884
1.810
-0.65 1.160
2.056
-0.65 1.406
2.134
-0.65 1.480

81



a o IS 4‘ k4 v A 1
!LN‘MT’H?NL’WIﬂ]‘li‘U'Jﬂ1W!Wi’)1‘lIx‘i1‘lﬂl!ﬂ5’Jlii’)‘l«! (@)

0275 | 0223 | 0159 | 0077 | 0026 | 0024 | 0071 | 0077 | 0079 | 0070 0000 | 0000 | 0014 | 0139 | 0335 | 0352 | 0378 | 0386 | 0369 | 0.204
0275 | 0223 | 0159 | 0077 | 0026 | 0024 | 0071 | 0077 | 0079 | 0070 0000 | 0000 | 0014 | 0139 | 0335 | 0352 | 0378 | 038 | 0369 | 0.204
2.030
065 | 1380
1826
065 | 1176
1522
065 | 0872
1.304
065 | 0.654
1376
<065 | 0.726
1478
065 | 0828
1726
<065 | 1.076
2.002
-0.65 1.352
2248
-0.65 1.598
2326
1.676 -0.65
0000 | 0000 | 0014 | 0139 | 0335 | 0352 | 0378 | 038 | 0369 | 0204 | 0275 | 0223 | 0159 | 0077 | 0026 | 0024 | 0071 | 0077 | 0079 | 0070
0.000 0.000 0.014 0.139 0.335 0.352 0.378 0.386 0.369 0.294 0.275 0.223 0.159 0.077 0.026 0.024 0.071 0.077 0.079 0.070
2226
0.65 | 1576
2022
065 | 1372
1718
0.65 | 1.068
1.500
-0.65 0.850
1.572
2065 | 0922 asusouns 1duia 11fou

€81
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function f=carel(x)
load pH

load T

load Q

y(D=x(1);
s(1)=73.5;

sum_error=0;

for i=1:1:30
ul()=((x(6)*s(D(x(13)+s(D)+x(2);
u2(D)=(x(7)*(pH())"2)+(14*x(8)*pH(i))+(48*x(9));
u3(D)=x(10)*2.4* 10" 1 1*exp(-16000/(1.987024 113423 12*(T(i)+273))+x(11)*1.02%10"24
*exp(-34500/(1.98702411342312*(T(1)+273)))+(x(12)*0.037);
ud(D)=(x(14)/(x(14)+Q()))+x(5);
iful()< 0| u3@i)<0
x(1) = inf;x(2) = inf;x(3) = inf;x(4) = inf;x(5) = inf;x(6) = inf;x(7) = inf;x(8) = inf;x(9) =
inf;x(10) = inf;x(11) = inf;x(12) = inf;x(13) = inf;x(14) = inf;
else
x(1) = x(1);x(2) = x(2);x(3) = x(3);x(4) = x(4);x(5) = x(5);x(6) = x(6);x(7) = x(7);x(8) =
x(8);x(9) = x(9);x(10) = x(10);x(11) = x(11);x(12) = x(12);x(13) = x(13);x(14) = x(14);
end
if ud(i)> 2 || ud(i)< 0
x(1) = infx(2) = inf;x(3) = inf;x(4) = inf;x(5) = inf;x(6) = infx(7) = inf;x(8) = infx(9) =
infx(10) = inf:x(11) = inf:x(12) = infx(13) = inf:x(14) = inf;
else
x(1) = x(1);x(2) = x(2);x(3) = x(3);x(4) = x(4);x(5) = x(5);x(6) = x(6);x(7) = x(7);x(8) =
x(8):x(9) = x(9);x(10) = x(10);x(11) = x(11);x(12) = x(12);x(13) = x(13);x(14) = x(14);

end
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u(i)=ul(i)*u2(i)*u3(i)*ud(i);
y(i+D=y()+u@)*y(®;
s(i+D=s(i)-x(3)*u(@D)*y(D);
Qes0()=x(4)*u(i)*y(i);

sum_error=sum_error+(Q(i)-Qes0(i))"2;

end

f=sum_error;

return




MANUIN Y

msl¥uldsunsy MATLAB @494 Toolbox GA



188

1. ihdeyavinmisnaass 131y Work Space voaT1/sunsy MATLAB ualumsuaas
dvgramsldauazaiiuuuiiaswwesszunlasld M-file (Maruan a) Taesivuaduls
nazAvesdnlsvesszuuas il Taedoyan laninmsiinuvesTsunsuiisunudeyasin

dyd o a = Y a
mynaaos Tlsunsufiilunmsdiaesnszurunmsnaanmssinmuuy lieendauvenznoy

1 c?’ 9 o 1A I A = 4 A 1 a (2
raulue@eanslasimuamdunaiilu gurgiiuas pH uazianeiananea1lsuianiey
= 1 a a AdAa Y
B taz ldmSnamssuniasuau

v o o P a A ¢
2. a51uuudtaedingscaen lu M-file  v93 MATLAB  lunildoilansu

E4
=L °”9}

=& o W L= a aA 1 osj [ A
Model_monod Gaflandguingilseaaiilisndulszansnasamsmamiavua 14 aunlsae X,,
X, Xs...X

N4

Y [
3. 911138019 Genetic Algorithm Tool #30 GAT #1118 Taesmsisenfidalumniiaia

. o M dy Y % = 4 [
Command Window (>>gatool) Md4ilaz1)31nguiingia GA @331 9.1 03Asznoune 9

L1l

V99 GAT Handnadulseansvod GA

A opirintonTesl R R W R T =
| File  Help
Problem Setup and Results Options >
E Population
Solver: ga - Genetic Algorithm - r
Populstiontype: | Double vector
Problem
Finessfunclion: Populstionsize @ Use defeuit 20
Number of variables: 2 Spedfy:
: Creation function: | Constrsnt degiendent
Constraints:
Linesr inequalties: & b
e o [ Inital populatior: @ Use default [
Bounds: Lower Upper: %) Speciy:
Nenfinear constraint function: Il scoress @ Use defauit ]
Run solver and view resuts ) Speciy:
Use random states from previous run Initial range: @ Use defauit: [011]
Start Sto ~ Specy:
Current tesation: Cleat Results ]
E Selection ]
& Mutation ]
E Crossover ]
AY F Migration ]
Final point:
El Consirint parameters ]
F Stopging criteria L4
E Plot functians ]

=]

UM Q.1 upuAMLAAINTIA19989 GAT

G
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4, ﬂ1§1ﬁ‘ﬂﬂﬁ%ﬂ5@]qﬂ’i$ﬁ\1ﬁl (Fitness Function)

a

o w ] o 1w

WUNAITS @Agalll U094 Fitness Function 1az31uIuA1@1)5 14 Number of
. o A

variables 1AA9A931N 9.2

File Help

Problem Setup and Results

Solver: | ga - Genetic Alggritho

Problem
Fitness fu @Agalll

MNumber of vawgbles: |14

Constraints:

Linear inequalities: A b:
Linear equalities: Aeqg: beg:
Bounds: Lower: Uppen

Menlinear constraint function:
Run solver and view results

Use random states from previous run

Pause Stop
Current iteration: Clear Results

PRINRYY 2uwumwuﬁmmﬂﬁwqﬂ%mmﬂs vaamaziudinlszans

5. m3lasmauilszang (Population Size) Tae'l1# Option = Population T15un51DY
o ' dy o 1 Y v w Yy 9 o o Y = . .
fmuamiugudivaumsgumInming 20 Srdeansdsuiildlaedon Population Size

=> Specify Ha252Y$ U udAnzl .3

Options
[EPopu\at\on \ ]

Population type: | DouMe vector

Population size: () Use detigit: 20
@ Specify: 100

Creation function: | Constraint dependent

Initial population: @ Use default: []

©) Specify:
Initial scores: @) Use default: []
©) Specify:
Initial range: @) Use default: [0:1]
) Specify:

U .3 unuMNLaAINI3 a1 Population Size



190

4

o ad % A 9 . d' . .
6. MINMUUAITNMIAAABNTIINUT (Selection) Tag'l1n Option => Selection

Aad A a1 aa Jg . ad o [
ll’J‘ﬁﬂ'Iilaﬂﬂ‘]J§$"]ﬂﬂi@]ﬂ‘i’iﬂ'li“’iﬁ'lfl’)‘ﬁﬁﬁ!?ﬁlﬂugTJ!,HJ‘U (Uniform), FTIANTITLUIVY

a 3 a 1 Y]
(Tournament), ’J%"UGG’NE?])’EIELEWI (Roulette) uam%miqmﬁumammam (Stochastic

=

universal) LAAIAITLN .4

U )

=1 Selection ]

Selection function: l Stochastic uniferm =

Rernainder

Uniform

_ |Roulette
Reproduction | Tournament

Custom

JUN Q.4 uHUAMUAAINITIABN Selection

o o Y o ' A o Y A

7. MIMMUATIUIUTOVVBINM AU ALA I UARIANARIAAAD U 1A Tael1#
Option =>Stopping criteria => Generations ORI UATINIUTOL, MHruazIwIa1lumMITy
@@ Option =>Stopping criteria => Time limit, Mnuas wIusoUNIMaoumMANLE YA

maulae Option =>Stopping criteria => Stall Generations, MU UARMANUAIIAA DUV

~

Mnoulay Option => Stopping criteria = Function tolerance LI¢f AInagn .5

U

[ Stopping criteria

Generations:

Time limit: @ Use defad®

® Specity PMUIUTOU

Fitness limit: @ Use default: -Inf

Stall generations:

v Y

$uuseundudvga

Stall time limit:

() Specify:

Function tolerance: (7 Use default: 1e-6

Monlinear constraint tolerance: |

AnaIAnaDY

519 .5 LLNuﬂTV‘ILlﬁﬂ\1ﬂ1iLﬁ@ﬂi‘i11!’JL!i@‘uLlﬁZf"hﬂﬂ"lﬂma’f)usll@\iﬂﬁ‘ﬁ"lﬁusllﬂd GA

U
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8. m3uaaenivl Tasden Option => Plot Function => Best fitness 4lfi¢ Best individual

LernIAagn a6

[ E Plot functions

Plot interval:

Distance

Best fitness

Range

Selection

Stopping Max constraint

Custom function: |

‘]Jﬁ U.6 LHUANLEAINFADALEAINTINATINUYDS GA

9. Click Start 1013151 T sunsu aegilil 0.7

u

W coimain oo

File Help

Problem Setup and Results

Solver: ’ ga - Genetic Algorithm v]

Problem

Fitness function: |@Agalll |

Mumber of variables: |14 |

Constraints:
Linear inequalities: A: [ |
Linear equalities: Aeq: | | beq: | |
Bounds: Lower: | | Upper: | |

|

Meonlinear constraint function: |

Run solver and view results

| ’ Clear Results

-

31U o 7LmumwuamﬂmmTﬂmﬂm
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< 1w { 1 @
10. matnuaaans Taelif File = Export to Workspace 92151ngniliang uaasga

31U .8 uag 51J1n 2.9

4 Optimization Tool_

File | Help

Reset Optimization Tool
Clear Problem Fields

port Opticns...

Prefelences...

Export to Workspace...

Generate Code...

Close Ctrl+W

-
- Export To Workspace

|:| Export problem and options to a MATLAB structure named: optimproblem

— | |

|:| Include information needed to resume this run
|:| Export options to a MATLAB structure named:

Export results to a MATLAB structure named:

T ) )
. =

opticns

31U o 8Lmumwuﬁmmsm‘umauﬂiwam

3 — — N
7] Variable Editor - optimresults colle. s S e, S o s o L (=@ i)
File Edit View Graphics Debug Desktop Window Help ¥ ‘ 2 x
| | @Novahd plots for: optimres... ¥ BEOBEZ @
EH optimresults.x <1x14 double>
1 I 2 3 4 5 6 7 8 9 10 11 12 13 14
1 3.7.52_6’ 0.0856 3.1025 15544 0.0575 0.2020 -3.2880 11074 1.2233 0.7738 13357 26510 29751 0.0537) =
2 [ gy E
3
4 N
0s ~—
i|e
7 N
0\e
9 : -
Estimated Parameters

4| n

 optimresults = | optimresultsx x|
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Analysis of Biogas Production Process from Shrimp Culture Pond Sediment by Batch Method

o a a a a
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Prasit Srinakorn’ Adtavirod Kheawnak' Kontorn Chamniprasartz and Jiraphon Srisertpol3
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ABSTRACT

This research was to study the analysis of biogas production process from shrimp culture pond sediment
by batch method. This reaction is anaerobic digestion processes. Batch method was achieved by adding shrimp
sediments in a reactor at one time to start reactions until finished reactions. The experiment was to study pHin the
reactor, the temperature of sediment (T1) in the reactor, the temperature of the water (T2) in the reactor, the
temperature of the biogas (T3} in the reactor, the temperature of the air (T4) outside the reactor and birth biogas
rate. Study the analysis physical and chemical characteristics of sediments, biogas production yield and to
analyze components of biogas were produced from shrimp culture pond sediment. From the experiment total
biogas vyield of 13,2565 cm® and the ability of biogas production was 424.3565 cms/day with methane (CH,)
producing was 44.34%, carbon dioxide (CO,) was 4.91%, and nitrogen gas (N,) was 17.23%. At get from the
education can induce design biogas from shrimp culture pond sediment system has the efficiency, in the lead
goes to apply true work.

Keywords: Biogas production process, Anaerobic Digestion and Biochemistry analysis
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FTULNAAMITINN

mMauanfingian wldssuuninindaviedes
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mmmzuwmﬂ;mmiwmmw:lﬁﬂ@ufmlma?
thindasasesrauiiunsaiius (pH) aeiiiie
annstlegdans, gamgivsmsnomianludonn (T1),
qmmﬁmmﬁﬂuﬁwﬁﬂ (12), grumpfivaefsdannly
fandh (T3), grumiese nnAnteuaniandn (T4) uay
Usnaumsifiefaianinann Counter fusay ey
IAUITULIRITANNITAARS A Bubuaes pH, T1, T2, T3,
T4 waz Counter JAnviAL 7.76, 24.57°C, 23.43°C,
23.86°C, 22.56°C uaz 0 50U ANAIAL

HAMINARDIUALIRIT0L
4 [ &) 0
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. p a
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gﬂﬁ 3 manuiunssiduang (pH)

MU

amdeyasglddguugintsuendonin #
ﬂmﬂﬁlﬂmmmmmmwnﬁmmmmu,m'md“u Tned
Qmmﬁmﬁmﬁ' 21.34 °C LL@Z@MMQQL@SEmEIuﬁ’Q
wilnvesmnewiay, tnnazfadannilen 27.15 °C,
27.38 °C Ua 27.76 °C mAfAL WATRABANISY AR
1w gugiaesaningienni sreaurazdugede
meiiwegmﬂg:ﬁl 2748 °C uaz 2210 °C pasIAy A
meﬂugﬂﬁ' 4

319 The 11" Thai Society of Agriculiural Engineering Intemnational Conference

6 7 May 2010 &l Kaselsan, Universily, Karphaen gsaen Carpus, Nakhonpathort, Thailand

g1 4 qrunn 11, 72, T3 upy 14

dSarunisiianmdonn

AINMENRABINUAN AT A M ERaT
mﬂﬂumuluﬂmémﬁq Apaudaunn e Funmnas
Tusufmndifainnmifeiu 675 gmunATiauRNas
Loz s s e I wasfufl 4 uas s
mﬂqﬂﬁiwmmqﬁ”ﬁsﬁ?ﬁqmw[ﬁm%umﬁ@gm SRR
1,140 @“ﬂmm’muﬁmmmm&uﬂ?mmmﬂﬁmﬁ”w
Fornaniiagaauasiaea ndufl 14 10amsmase i
fradanimiaiudne faniledTunsgean 495
AnUAAALIURAL RS ﬁmmmlugﬂﬁ' 5 ilonsy 1 Foutee
nsmpeedliFsiannasauiovun 13,255 gnuaar
SLns SN snERT EanmieAelE 424 355
RO CAICTNGEE RGN melugﬂﬁ' 6

U 6 B msvay




198

Innowsation in Agricullural Engineering lor Sulliciency Econory snd Empowered Corrunities

aeAtsznavaasingdann AUANTRUIAENDUAY
T T R L PP (peaty AINAINARDINUI AVRUUFN RN LN INUaT
MeNT 1 aaliessiacdilsznansesteianm \A8 TS, TDS, TSS, TVS, TFS, BOD, COD 4as K &
asAlsEnatuasitadimn | HadAsE(%) ARAINTL 123,881 mg/l, 14,800 mg/l, 106,450 mgil,
Familmu (CH,) 4434 20,203 mgfl, 128,681 ma/l, 2,010 mg/l, 6,643 mgl,
fndansuaulraanlad (CO,) 497 Was 154 mg/ AN IFL uesllAa N, P, OC uas OM
Faeflulnsiats (N) 17.23 Fisdfsusing 700 ma/l, 130.71 mgl, 4,600 mg/l WAy
Aralalpaiau (H,) Ty 7,800 mg/l AINAIRL WAMIA P 2
flalnaandaldld (.9) Taivw
fn: Audtacdeine ianf ainendt saeupdunf

(N1 2553)

A1590 2 saliaszinmasnTRvaanznenaulu s e dowands wBafiadonom

fsud qmﬂuu"ﬁﬂummnaumu’[uﬁmﬁuﬂqﬁq nau ©AY VNG
A sunTalung (mgl) ARAY
1 7.7 7.5
(Positive patential of Hydrogen ; pH) 0.2
Fanmuanaudeionun (mg/) 139,859 15,978 ARA4 123,881
? (Total Solids ; TS) (13.99%) (1.60%) (12.39%)
R awdsazaesivienun (mg/) 24,500 9,700 Anad 14,800
’ (Total Dissolved Solids ; TDS) (2.45%) (0.97%) (1.48%)
U aaudsuanuaaayiauun (mg/) 112,200 5,750 AR 106,450
‘ (Total Suspended Solids ; TSS) (11.22%) (0.58%) (10.65%)
R asuderzasianum (mgh) 22,653 2,450 Anad 20,203
: (Total Volatile Solids ; TVS) (2.27%) (0.25%) (2.02%)
Ranurasudepsdaviannn (mg/) 139,603 10,922 ARAS 128,681
° (Total Fixed Solids ; TFS) (13.96%) (1.09%) (12.87%)
AAnufiaentseandianinlnedstinamw (mon) 2,334 324 ARAd 2,010
! (Biological Oxygen Demand ; BOD) (0.23%) (0.03%) (0.20%)
A ufieensenndawialadsind (mg/l) 7,840 1,197 A954 6,643
’ (Chemical Oxygen Demand ; COD) (0.78%) (0.12%) (0.66%)
Tulamau (mg/) 4,300 5,000 i 700
’ (Total Nitrogen ; N) (0.43%) (0.5%) (0.07%)
vlagviaia (mg/l) 6.24 136.95 Wadtss 130.71
° (Total Phosphorus ; P) (0.0006%) (0.01%) (0.013%)
ol (mg/) 816.5 662.5 ARG 154
K (Total Potassium ; K) (0.082%) (0.07%) (0.02%)
AFuew (mgh) 42,700 47,300 R 4,600
E (Organic Carbon ; OC}) (4.27%) (4.73%) (0.46%)
Buridnng (mgll) 73,500 81,300 114 7,600
® (Organic Matter ; OM) (7.35%) (8.13%) (0.78%)

o e oA A e = = o = = o 5
NHT: AREATISHDIN AN ATUASIN alulag wmwm@mm‘ﬂu‘mqmw (WNIAN, NUNWUG 2553)
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finedanm Iﬂn'[-umnamaumnumamnmmﬁnmammnmqnu 2 wwu Ae mudsefmsauuulilitaunis em
(Effective Microorganisms) Tuvaizidos waruuuligAune em Tuonsidos wamsAnymuin msUranznouiay
T.nu‘lm.,naumumnmnﬁmmuuuhh}aumummsnam TS TDS TSS TVS BOD uay COD 1# 89% 60% 95% 89%
86% uay 85% MY waranmsdesiuuuliyiuvidannoanld 81% 52% 99% 80% 95% wav 95% A
iy uenvinil mavnmsthiangneuauttaansardniieianmld nswinaeneuausnmsdssfmsauuulily
QRuvdannsondniedanmasauiomuald 0025 Any/niu Fladvigninda Iﬂuuamﬂsvnm.mm CH, CO, uas N,
Vinauwiniy 44.34% 4.91% uar 17.23% muddy mumwunmnaunanmnms|.aummmwu‘lﬁqawﬁummm
wanfwinmazasiomal® 00015 dns/nidledtignirda Tnefiesiuszneuves CH, CO, was N, Vinawiriy
11.75% 3.9% uaz 5.18% mudady etammazaiildanmsinneddig mmuaumwﬁlnmmanmnwuwau usi
ansoiurliudomamaduls

A1E1AGY: MsUWARKNamEaY Mmsgauaatsuuvlsaandiou nsruauntsuaniedanm

Abstract

This research was to study the treatment of sediment in marine shrimp culture ponds by anaerobic
digestion process in biogas production, comparing between two culture systems: with and without use of
EM (Effective microorganisms) technology in shrimp culture. The results showed that the treatment of pond
sediment by anaerobic digestion process could reduce TS, TDS, TSS, TVS, BOD and COD by 89%, 60%, 95%,
89%, 86% and 85%, respectively in the non-EM culture farm, and 81%, 52%, 99%, 80%, 95% and 95%,
respectively in the EM-based farm. In addition, the sediment treatment could produce biogas from the
digestion. The anaerobic digestion of sediment from non-EM culture showed that the accumulated biogas
production was 0.025 /g.COD removal, and the biogas compositions of CH, CO2 and N, were 44.34%, 4.91%
and 17.23%, respectively. In the EM-based culture farm, the treatment of pond sediment could produce
0.0015 /5.COD removal of accumulated biogas, composed of 11.75%, 3.9% and 5.18% of CH, €O, and N,
respectively. Although the cumulative biogas production in this study was less than that in other studies using
different raw materials, the produced biogas could be used directly as cooking fuel.

Keywords: Sediment Treatment; Anaerobic Digestion; Biogas Production Process
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znaulautIuRImaNs Aznauaut Uy
TEMINARBY foums  waams  UszAnBaw deums  wAsms  Usy@nBaw
anvusYBIRNBUaY M fdn REHRET) fdn M msidn
(me/\) (mg/l) (%) (mg/1) (mg/l) (%)
1. Vhinuveaudaiovun
2 139,859 15,978 89 117,095 22,061 81
(Total Solids; TS)
2. Uiinuueautazansi viamun
3 ' 24,500 9,700 60 42,600 20,300 52
(Total Dissolved Solids; TDS)
3. Yinuvewdauwiuasuvianun
i 112,200 5,750 95 75,200 675 99
(Total Suspended Solids; TSS)
4. Yhnuveaudaszmeldviavun
; . 22,653 2,450 89 19,696 3,922 80
(Total Volatile Solid; TVS)
5. {llait (Biological O
i e 2,334 324 86 1,464 75 95
Demand; BOD)
6. @laf (Chemical Oxygen
7,840 1,197 85 10,189 530 95

Demand; COD)
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me/l, 2,334 me/l waw 7,840 me/l muadiu windannlsivitnnzneuauinessuunstesaatauuuly
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89%, 60%, 95%, 89%, 86% Way 85% MUAGU
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me/l, 1,460 meg/l waz 10,189 me/l MuEdIU uAndnnliUnnznaulauMmesEuUNMStoLEABLUY
SoonBiau nrnouwautinifng q anaunde 22,061 me/l, 20,300 mg/l, 675 me/l, 3,922 me/l, 75 mg/l
uar 530 mg/l MUEWU HARINMINARBILANIRIuN sruuiiuss@nSnwmsidadinneg whiu
81%, 52%, 99%, 80%, 95% Ay 95% U UsrAvBnmmsminngnauauLanaianITei 1
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asdvsznauvasingdanm
a « < o o A\lv o W X v
namIATEiuenefUsznavvesitgtinmildnnmsvidangneuaulutaidssilag
' o & ' o
nszvumsesameuuulieandinuitassgamsveaemuin nslingneuaunnuedissnntuang
P a & a - .

vandsliligiuvid EM luvamdoszlivinaumaieineivn warilulasaugininisldneney

v owa v a o & . - < ca o vea  w
wunntnuhiiuiiliedunid e lusasdes dudiinuienivedlaeenlediidlndifesiu uarly
iaosyanismnaeshinuUinuinelelasiouaslslasioudalnd ssiussnouvesfiedanmilldannms
drianzneulaurivassyansmaassanslunised 2

- - o v a
M54 2 a9dUsznaUTRsTNYanmitldanmsthtanznauautuanmarsuas i

23AUsznaVvaLiIY TN aznaulautuamas (%) aznaulautuiaiu (%)

fiedinu (CHy) 44.34 11.75
fhemsveulasenled (CO,) 4.91 39
felulasiau (N,) 17.23 5.18
fielelasiou (Hy) iy liwy
felelasioudald (H,9) liinu iy

a 3

AA1UNE

HAINNIANMIANYNLVBINENDUAUNUT nzgndulauiiuFin TS, TDS, TSS, TVS, BOD uay
cop gunn mslisruuiitauuyleenduuiiendnfedinmannsaany3ina TS, TDS, TSS, TVS,
BOD uay COD asldlusziuguidlunsneuauinuaidesteiifinisligaunid em uaritliliqaunis
Tusnsdsefy (52% - 99%) wamsveResInamLaRTNMIUIAkUYeenBnuainsoanUSine
vouduadld Fudulumumdnmstrdalasmsligauridesamevesdelidoudufeiiny egls
fiona msthdmmgneulausnUadsfeiiiiarlifimslighuris em dureliAauiinaietanmitunn
safuegnann Tagluszerom 30 Fu vedvsfeillildadundd eM Wefanmwavamiommn 13,155
gnuiAfieuiams snnriinailldenvedefiflisiund em Aldfetanmasaiomeluszey
nadfudies 1,125 gruiadieufians mmuandsdndneadumsygdundd EM snmsdesds
annsnsumuMsdesamevesauvEsTiegdluvassund  Yilvinssuiunisdesameiishnins
AefetaninhdleisudieutumsWivnouauaniilisumsidesias EM (Chan, Chu & Wong,
1999)

agalsfin gaun3d EM Taevhluaunsoanu3anm TSS TVS uay BOD 16 wnusludianiunm
TDS uag COD ﬁa’li)Lﬁﬁmnnﬂidauammﬂﬁuuz\]vmmi (Chantsavang, Sinratchatanun, Ayuwat
& Sirirote, 1994) Filumsdesameuuulisendiouiumn oD firguanBumsiwuuazansnsondn
fefiwmuléd (Zakarya, Tajaradin, Abustan & Ismail, 2008) wAnnKansAnwASivuh COD 9N
voidssfmviaiiunadesosdunid EM  Siigindnuindniedimildtiosninedsstiidudas
Lildgaud em SndildszoznannunilaewSeudiou il iesnnqiuvs EM Suvszneuie
wuAfieiindnnsauanin (Lactic bacteria) wuaiiGefiduasiziuasls (Photosynthetic bacteria) Beist
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wars1 SeuantAeiydulaldd  wazannsatiavesdslnawdsuduinemivsulasenleduaring
fiw Fadululdnssuaunmamindifetusnmdostud (Szymanski & Patterson, 2003) agalsfi
msvwiareadennuetamaaainmsineves Gebauer (2004) aansaanyUiunmg COD uaznaniY
Similée 0114 - 0.184 Ans/ndudledt lusrezam 360 Fu Ky mnuFuanmmsmasedliivane
aufumsisyresuaiidenduiveumufninaraunsadassesnmnswindendaiefinuls o
anmsimnzausiensuanineiinufie pH egluts 6-7.5 uazgamgiiogluts 22 - 28 °c (Srisertpol,
Srinakorn, Kheawnak & Chamniprasert, 2010)
msthnagneualuveidesfmnnmasesldUinaieianmies 042 dnsy/u Fiviinu
fedhnmliseninsdesameyaanslunisvaasses Tangsathit (1996) wagmistavesdeannis
waanaliinsziadlunisinuves Chaleewan (2003) Tianunsandnfne@anmle’ 095 dns/fu uas 157
dnv/u iy wasdloRsondnduresiinuielin nszuIuNIEeEAMERYNBUALIINYS
Bosfaiusslimedimiludadu 44.30% @nnsdouuulifyaunid em) fadfinuieiinuee
tieeniwes Suwakon (1983) way Chaleewan (2003) FefivGanmifneiiny 60.30% way 51.4%
&y wiviinudnanansmhlviivsslenidufesnitoupemsluaiadoureanymsnsiinn
arfwagluvhindals Wesndadhudenaniidhenmlunsldibundimmeunls (Chen, Cheng &
Creamer, 2007; Karim, Hoffmann, Klasson & Al-Dahhan, 2005) 3nvneuilaztihvhegresmedanmily
Aeneiugnasivsznautiu MetanmaansoglnRauasanivdild
msinfetinmlutinaitesiioaduwananmuandwesiauuaislunssuaums
dovamy Wendinguuuafidefiveumnufu (Halophilic bacteria) Sanansawioyivlneglduas
waneliold egwlsia msdinuideluadidliliieneimmudivemenouay Fwnmsdng
w04 Riffat & Krongthamchat (2006) wuirmndisllsifinasensedafedanm wenanii msfiden
nsvvoumswdinuuy Batch Wesmnmeneuaufidnuaundulaaumauanviien Swevinuuuidy
aznauausaiedlfion fomendudnauwauidiviliiswuwueiGelisnnweiieendnfinedanmli
WBnasnnidlesngniriasheasemsludmin

aquuazdaiauauuy

vuuthtalagnszuiunseesamenuulioenduuluszesnan 31w annsoan1Ay
anvsnaslé Taomstrdansnauauannisdssfimaauuulsldsduvid awnsoan TS, TDS, TSS, TVS,
BOD uaz COD & 89%, 60%, 95%, 89%, 86% uar 85% muddu warnstrlnngnauauaINTT
Bosfmsauuuliqauviigaunsoanls 81%, 52%, 99%, 80%, 95% uay 95% A FuTsansoag
Irimeneunuiruszuunmsthinudiinansenusedunndoutiosas  wazusnnimsthtangnou
wutansasdniedanm Tnsfinstidensneusurinnadesiilaelliqauns eM hnfefanm
Gaimsdanvnewausnmsiaesiingligaunis EM Tasiinaietinmazaiomn 13,155
gnuAieuRems uay 1,125 gnuiaiiguiiues aashiu masidunsadusing (pH) uavgamagil vea
msthinngneuauanmsdesiilagliligauris em Saeglutas 6 - 7.5 uag 22 - 28 °c Ay
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wazvasmsiiangnauauInmsGesidagliyaunid EM feeglutae 6 - 7 uay 28 - 31 °c aw
& fetnmasauiildnnmsinunaiiivinaissniilintagdwiuriiady lussdunsmaass
v aea . v o v & m vowvd v
TuresufitAnis uivinuinedanmitldansminnififudemdnpsildidewngalwgnlvsls
< o = v, ° o & v v a o =
sadUsznavtesietanmilldnnnistitanzneuauninmsdesiilnsbildigdunid EM Sim
e v o & v v a o o« o
gniietinmilldanmsthanzneueunnmsdesideasligaunid M Taeflesiusznevvesing
fionu (CH), fwansusulaeenle (CO) uazfnglulasiou (N,) Sifwiniu 44.34%, 4.91%, 17.23% uax
11.75%, 3.90%, 5.18% MGy
G h = e G ;
iy mstemzneuauluvaideds annsaldisuivauuulioendinuiietisankanszvusie
- v veo o v « < & v ' da Y
Fuwnedeuuarldfedinmulivstlenimeluhiudesiennuasns edulsia lunmeassniadn
TWmswdedinneimmuifnvesnvnauay  Weswingduvidiiveurnufuuneiinansandniing
fmilgalutaseunduiivangay uenanil dipsfinuiEnmaiiumudiduresielivuuaznisidiu
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Estimation Dynamical Model of an Anaerobic Digestion of Shrimp
Culture Pond Sediment in a Biogas Process using Genetic Algorithm

JIRAPHON SRISERTPOL', PRASIT SRINAKORN', ADTAVIROD KHEAWNAK'
KONTORN CHAMNIPRASART' AND ARTHIT SRIKAEW?
'School of Mechanical Engineering, Institute of Engineering
*School of Electrical Engineering, Institute of Engineering
Suranaree University of Technology
111 University Avenue, Muang District, Nakhon Ratchasima, 30000
THAILAND
jiraphon(@sut.ac.th

Abstract: - Biogas is one type of renewable energy which is important to the energy and environmental
planning of Thailand. The study and analysis of the dynamical model of the biogas process can be explained
the variables that affect biogas process and optimization. The indirect advantage of biogas production process
for shrimp culture sediment was waste treatment. This paper presents a method of system identification and
applies an artificial intelligence to estimate the mathematical model of anaerobic digestion with shrimp pond
sediments in the biogas process which is a batch reaction. The principles of mass balance equations were
defined the mathematical models. The equations is one stage nonlinear caused by the reaction of organic
substances that are decomposed into biogas. This mathematical model was compared to the experimental data,
including temperature, pH, biogas flow rate and biochemical properties of shrimp culture sediment.

Key-Words: - Mass Balance Equation, Anacrobic Digestion, Biogas Process, System Identification and
Artificial Intelligence.

1 Introduction coastal areas [1-3]. Many mathematical models that
The biogas is obtained from digesting crumble are available in literatures were studied and situated
model of anaerobic digestion in biogas production

organic substances of the living things which are
from wastes and feces [4-8]. The parameters

both plants and animals. This process is an mv S I petdi
anaetobic digestion caused by various kinds of  estimation and the specification of the identity of
microorganisms. The biogas is mostly mixed with matheman.cal models for anacrobic digestion were
methane (CH,) and carbon dioxide (CO,). Biogas ~ Also studied [9-10]. The control system of
which is produced from fermentative procedures has ~ Production was designed [11-12]. This paper
different quantities, depend on the raw materials and ~ Presents a method of system identification and
the condition of the fermentative procedures. The ~ pplies an artificial intelligence to estimate the
Biogas has properties like fuel. It is the renewal ~ Mathematical model of anacrobic digestion with
energy that is used to replace firewood, charcoal, ofl, ~ Shrimp pond sediments in the biogas process which
liquid petroleum gas, etc. It is also able to apply to isa b.atch reaction. The principles of mass balance
cooking gas directly as same as liquid petroleum equations were defined the ma.thematlcal models.
gas. This is more convenience for usability than The equations is one stage nonlinear caused by the
using firewood or charcoal without smoke and ash, ~ reaction of organic substances that are decomposed
The biogas can be applied to use in lamps or electric into biogas. .Th1s matheme.ltlcal r_nodel was compared
generators for light generation. It is also used to (O the experimental data, including temperature, pH,
generate heat and applied to use with all kind of blogas flow rate and biochemical properties of
engineinstead of oil. The biogas that is used for fuel ~ Shrimp cullure sediment.

energy must contain more than 50% of methane.

The biochemical properties of shrimp culture pond

sediment are waste of the sea shrimp farming and 2 Dynamical Model of the Process
have high BOD and COD. Shrimp farming plays an The anaerobic digestion could be modeled as the
important but controversial role in the economy equation with one stage nonlinear reaction scheme.
development of many countries in South-East Asia The reaction of digested organic substances became
because of the high economic returns and biogas by using mass balance equation is obtained
catastrophic environmental impact of production in as follows:

ISSN: 1792-507X 449 ISBN: 978-960-474-230-1
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a 1
?7@ D)X (1
ds _ _ 2
o kX + D[S, —§) @)
Q=kux (3)

where X is concentration of the biomass in the
reactor (g/1). S is substrate concentration (g/1). Sy, is
the substrate concentration in the fluent. x is the
specific growth rate (d"). Q is biogas flow rate
(l/day) and k,,k; are anaerobic digestion constants in
the biogas process, D=0, S,,=0. Then, we will have
new algebraic equations as

dX 4
& @
s _ 5
o kX %)

We can be seen from equations (3), (4) and (5)
that the specific growth rate is key parameter for the
description of biomass growth, substrate
consumption and production formation. The specific
growth rate of bacteria depends on the temperature,
pH, biogas flow rate and concentration of organic
substances then expressed by the multiplication of
individual terms, each of them refer to one of the
influencing factors:

(8= (8 )u(Q )T Ju(piT ) (6)

Meanwhile, the specific growth rate of bacteria
was related to concentration of organic substances
which are studied [8-9] as the following 3 equations

Monod model: ,(5)- HaxS )]
k. +S
Contois model: u(s)= M+ i (8)
k,X+8
Haldane model: ,(g)— _ HuxS 4 (9)
#s) k,+S+8%/k, !

WheTe g 15 maximum specific growth rate (d")
and K,k .,k are constants, The influence of
temperature is often modeled by an Arrhenius type
law:

/”(T): @, eXp (’E1/RT )’ a, exp (’E2/RT )’ a3 (10)
Where T is the temperature (“c), ELE, are gas

energy (J/g.mole), R is the gas constant (J/g) and a,,
a3 are constants.

ISSN: 1792-507X

For biogas process, Rozzi proposes treating the
influence of pH by a parabolic law:

w(pH )=apH * + bpH +¢ (11)

where g, b, ¢ are constants.

The relationship between the specific growth rate
of bacteria and the temperature could be presented
as

W) ik (12

whete &y k; are constant.

In these equations the only modeling assumption
is that the biomass growth term (xX) and the
substrate consumption term (k;££Y) are proportional
to the biomass concentration (X). This paper is add
kk; in equation (7), (8), (9) and (12) for dynamic
compensation of useful system identification.

3 Problem Solution

3.1 Experimental setup

Experimental setup is designs for data collection
of anaerobic digestion with shrimp culture pond
sediment in the batch process, as shown in Fig.1.
Where 1- Computer is to create a program
LabVIEW for the measurement and collected data of
temperature, pH and biogas flow rate. 2 — A digester
tank is 80 liter with shrimp culture pond sediment. 3
— Measuring system for biogas flow rate. The
experimental data were occurred in analog signal
and convert to digital signal via conversion unit with
model NI- USB6008.

Fig.1 Experimental setup

3.2 Parameter Identification via Artificial
Intelligence

The application of an appropriate identification

methodology via artificial intelligence technique can

be estimated the mathematical model of anaerobic
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digestion with shrimp culture pond sediment in the
biogas process, as shown Fig.2.

The investigation of the coefficients in the
mathematical models (3), (4), (5), (7), (10), (11) and
(12) is a very complex problem because of restricted
information input temperature, pH, initial substrate
concentration (sp) and biogas flow rate (Q(#)) can be
measured. Where Q(t) is the biogas flow rate from

the mathematical model of anaerobic digestion with
shrimp culture pond sediment in the biogas process.
Q(t) was compared to the biogas flow rate result
from the experiment setup. Their deviation value
could be obtained with sum square error (e;;)

e.= 3 lot-G6 1)

The identical technique by Genetic Algorithm
(GA) is the one method to seek answers by natural
selection and GA. It will have the continually
improve to find answers from one generation to the
next generation like the evolution of living things
[13-14]. The components of the GA cycle are
populations, original species and new species. GA
will have continually improved from narrow local
solution to global solution. GA will finish when
ending condition is consistent. Generally, the
condition is amount of generations required or
acceptable deviation value is required to accept the
best chromosome in the group of populations.

3 l
24
Process

Model

GA Block

Fig.2 Identification method

3.3 Experimental and Identification Results
3.3.1 Experimental results

From the experiment setup, 80 liter shrimp culture
pond sediment was put into a tank and fermented the

ISSN: 1792-507X

sediment by anaerobic digestion in batch reactor.
The transient response of biogas flow rate in biogas
process is shown in Fig.3. The collecting data of
accumulative sum of biogas production in 30 days is
13,255 cm® and average biogas production is 424.35
cm’/day. The reaction temperature varied with room
temperature which is shown in Fig.4. and pH profile
within 5.8-7.8 cach day as shown in Fig.5.

14

- 8- Ql/oay)
12 a
o
I
o
o
i
- osf ]
s
ME
T ol
I
h n
0all mhm B e DHD‘ .
! v ‘ o]
5 o ’m b el EIEEDD
02 B
| IDE/ \“’/ Juf
o o

t(day)

Fig.3 The transient response of biogas flow rate
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There are three models that are available for
finding variables in identity specification of
anaerobic digestion with shrimp culture pond
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sediment in the biogas process. The mathematical
models depend on the change of bacteria which
affected by organic substances and could find that
Monod model has minimum error by initial
substance concentration (organic matter) which 73.5
g/l. The biochemical properties of shrimp culture
pond sediment and chemical compositions of biogas
are shown in Table.1, 2.

Table 1
Biochemical Properties of Shrimp
Culture Pond Sediment

No Biochemical properties Before After
I pH 77 75
2 Total Solids mg/1 139,859 15,978
3 Total Dissolved Solids, mg/l 24,500 9,700
4 Total Suspended Solids, mg/l 112,200 5,750
5 Total Volatile Solids, mg/1 22,653 2,450
6 Total Fixed Solids, mg/l 139,603 10,922
7 Biological Oxygen Demand 2,334 324
(BOD),mg/l
8 Chemical Oxygen Demand 7,840 1,197
(COD),mg/l
9 Total Nitrogen, mg/l 4,300 5,000
10 Total Phosphorus, mg/l 6.24 136.95
11 Total Potassium, mg/l 816.5 662.5
12 Organic Carbon, g/l 2.7 473
13 Organic Matter, g/l 73.5 813

Table 2
Chemical Compositions of Biogas
Biogas compositions | Analyzer %
Methane ,CH, 4434
Carbon dioxide, CO; 4.91
Nitrogen, N; 17.23
Hydrogen, H; Non detected
Hydrogen sulfide, H,S | Non detected

3.3.2 Identification results

The identical specification of the variable via
equation (7) to estimate variables, we use specific
growth rate of bacteria depend on the temperature,
pH, biogas flow rate data, E,=16000 J/g.mole,
FE5=34500 J/g.mole and R=1.987 J/g [2].

The GA program is estimated variables with 100
population numbers and 100,000 GA cycles. The
estimation-1 is model with dynamic compensation
(k,k;) and estimation —2 is model without dynamic
compensation (kks). The error of estimation-1 is
0.7239 and estimation-2 is 1.8596. The comparison
between the responses of the mathematical model
and the experimental data of biogas flow rate are
shown in figure 6 and Table 3.
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The identity specification of anaerobic digestion
with shrimp culture pond sediment, the variables can
be used to estimate mathematical models. The
models should be tested with many cycles in order
to gain the accurate variable. The variable that affect
biogas flow rate should be controlled as well.

&~ Experiment
- 8- Estmation-1
@ Estimation-2

\ \ .
5 10 15 20 25 a0 35
time, (day)

Fig. 6 The responses of biogas flow rate of

experimental and estimation data

Table 3
Parameter Identification for Biogas Process

Paramelers | Estimated | Estimaled
Value-I Value-IT
0.119 2714
ky
3.614 0477
kl
1.69 0.1
/umax
1.1087 20
kS
2 -1.6654 -
a 24x10" | 1.92x10"
1
a -1.02x10% | 8.16x10%
2
a 0111 -0.0555
3
a -5.601 -0.8257
b 76.108 11347
c 254.03 384
9.99 1
g
17.084 -
ky

4 Conclusion

The biochemical properties of shrimp culture
pond sediment after biogas process were reducing
BOD and COD which effected to soil pollution. This
research presents the structure of the mathematical
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model and parameter identification technique that is
used to estimate dynamical model of anaerobic
digestion with shrimp culture pond sediment in the
biogas production process. The dynamical response
of the mathematical model compared to the
experimental data by Genetic Algorithm method. As
the results of the study, the variable from identity
specification can be used to estimate biogas flow
rate and applied to design experimental equipments
for batch reaction of biogas production from shrimp
culture pond which is appropriate to requirement
and usability.
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Mathematical Modeling and Parameters
Estimation of an Anaerobic Digestion of Shrimp
of Culture Pond Sediment in a Biogas Process

Jiraphon Srisertpol, Prasit Srinakorn, Adtavirod Kheawnak and Kontorn Chamniprasart

Abstract— The biogas is one type of energy and sustainable
development which is important to the energy and environmental
planning of Thailand. The study and analysis of the mathematical
model of the biogas process can be explained the variables that affect
biogas process and proposed a design for biogas reactor using shrimp
pond sediment. The treatment of shrimp culture pond sediment by
anaerobic digestion process could also reduce the amount of waste
and produce biogas, which were the high ratio of methane can be
used as renewable energy. This paper presents a mathematical
modelling and parameter identification of an artificial intelligence to
estimate the mathematical model of an anaerobic digestion with
shrimp pond sediments in the biogas process which is a batch
reaction. The principles of mass balance equations were defined the
mathematical models. The equations is one stage nonlinear caused by
the reaction of organic substances that are decomposed into biogas.
This mathematical model was cc d to the experi | data,
including temperature, pH, biogas flow rate and biochemical
properties of shrimp culture sediment.

Keywords— Mass Balance Equation, Anaerobic Digestion,
Biogas Process, System Identification and Artificial Intelligence.

. INTRODUCTION

T HE biogas is obtained from digesting crumble organic
substances of the living things which are both plants and
animals. The biomass is an important renewable energy.
Thailand has high effective of producing biogas because there
are many products from agriculture which are source of
biomass energy. This process is an anaerobic digestion caused
by various kinds of microorganisms. The biogas is mostly
mixed with methane (CH,) and carbon dioxide (CO,). Biogas
which is produced from fermentative procedures has different
quantities, depend on the raw materials and the condition of
the fermentative procedures. The biogas has properties like
fuel. It is the renewal energy that is used to replace firewood,
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ing,

charcoal, oil, liquid petroleum gas, etc. It is also able to apply
to cooking gas directly as same as liquid petroleum gas. This is
more convenience for usability than using firewood or
charcoal without smoke and ash. The biogas can be applied to
use in lamps or electric generators for light generation. It is
also used to generate heat and applied to use with all kind of
engine instead of oil. The biogas that is used for fuel energy
must contain more than 50% of methane. The biochemical
properties of shrimp culture pond sediment are waste of the
sea shrimp farming and have high biological oxygen demand
(BOD) and cl 1 oxygen d d (COD). Shrimp farming
plays an important but controversial role in the economy

Fig. 1 Shrimp farming

development of many countries in South-East Asia because of
the high economic returns and catastrophic environmental
impact of production in coastal areas as shown in Fig.1 [1-3].
In particular, the effluent of sediment into the coastal areas
are affecting to coastal water qualities, depletion of dissolved
oxygen, high amount of organic matter in adjacent soil and
increased soil salinity (in inland shrimp farming) as shown in
Fig.2,3. Thailand has 33,444 shrimp farms and can be
produced marine shrimp about 401,300 tones. The areas of
shrimp farm are 718x10° m® in Thailand (data 1999). The
marine shrimp farm produces about 1.25-3.125 kg/m’
depending on the number of shrimp raised in ponds and the
amount of feeding. Many mathematical models that are
available in literatures were studied and situated model of an
anaerobic digestion in biogas production from wastes and
feces [4-8]. The parameters estimation and the specification of
the identity of mathematical models for anaerobic digestion
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were also studied [9-10]. The control system of production
was designed [11-12]. The genetic algorithm is really a
powerful tool for many problems in numerical analysis and
scientific computation. The genetic algorithm has been
successfully applied in a variety of areas and is still finding
increasing acceptance. The genetic algorithm searches
parameters of PID controllers so that specifications for the
closed-loop step response are satisfied. The tuned genetic

Fig. 2 Shrimp culture sediment

algorithm was successfully applied for parameter identification
[13-15]. The quality of the produced biogas is closely related
to the type of biomass which is being used, the quality of
waste, the duration of the batch, and also the ration between
solid matter and liquid volume[16]. The effectiveness of the
energy conversion of waste to biofuel may lead to the
improvement of the energy efficiency in digesters via
modifying their design and the operating conditions [17].

This paper presents a method of system identification and
applies an artificial intelligence to estimate the mathematical
model of anaerobic digestion with shrimp pond sediments in
the biogas process which is a batch reaction. The principles of
mass balance equations were defined the mathematical models.
The equations is one stage nonlinear caused by the reaction of
an organic substances that are decomposed into biogas. This
mathematical model was compared to the experimental data,
including temperature, pH, biogas flow rate and biochemical
properties of shrimp culture sediment.

214

II. THE MATHEMATICAL MODEL OF AN ANAEROBIC
DIGESTION IN BIOGAS PROCESS
The anaerobic digestion could be modeled as the equation
with one stage nonlinear reaction scheme. The reaction of
digested organic substances became biogas by using mass
balance equation is obtained as follows:

dx
.o R e (n
- - Ww-D)X

%:—k,,uX+D(S,,—S) 2
0 =k,uX (©)

where X is concentration of the biomass in the reactor (g/1). S
is substrate concentration (g/l). S, is the substrate
concentration in the fluent.  is the specific growth rate ).
Q is biogas flow rate (I/day) and &, k> are anaerobic digestion
constants in the biogas process, D=0, S;,,=0. Then, we will
have new algebraic equations as

dX

_— (4)
dt e

%: —k,uX &)

We can be seen from equations (3), (4) and (5) that the
specific growth rate is key parameter for the description of
biomass growth, substrate consumption and production
formation. The specific growth rate of bacteria depends on the
temperature, pH, biogas flow rate and concentration of organic
substances then expressed by the multiplication of individual
terms, each of them refer to one of the influencing factors:

w(t) = u(S)u(Q)u(T )u(pH ) ()

Meanwhile, the specific growth rate of bacteria was related to
concentration of organic substances which are studied [8-9] as
the following 3 equations

Monod model: (5= Mo S +k (7
k. +S
Contois model: (g = HueS 4 (8)
k,X+S
Haldane model: ,(g)= — HusS . p (9
#(s) K +S+Sk

where f4,,,, is maximum specific growth rate (d") and k. k,, k,k
are constants. The influence of temperature is often modeled
by an Arrhenius type law:

u(T)=a,exp(-E,/RT )-a,exp(- E,/RT )-a, (10)
where T is the temperature(c), E,E, are gas energy
(J/g.mole), R is the gas constant (J/g) and a;, a.a; are
constants.

For biogas process, Rozzi proposes treating the influence
of pH by a parabolic law:
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u(pH )=apH * + bpH +c¢ ()

where g, b, ¢ are constants.
The relationship between the specific growth rate of
bacteria and the biogas flow rate could be presented as

k
w(Q)=—1—+k, (12)
© 240
where k,,k; are constant.

In these equations the only modeling assumption is that the
biomass growth term (££X) and the substrate consumption term
(k;X) are proportional to the biomass concentration (.X). This
paper is add k,k; in equation (7), (8), (9) and (12) for dynamic
compensation of useful system identification

Converter
Unit

—

Fig. 4 Experimental setup

1. RESEARCH PROCEDURE

In this section a description of the research procedures are
given and divided topic into 4 parts experiment setup,
parameter identification via genetic algorithm, experimental
results and simulation results.

A. Experimental Setup

The experimental setup is designs for data collection of an
anaerobic digestion with shrimp culture pond sediment in the
batch process, as shown in Fig.4. Where 1- Computer is to
create a program LabVIEW for the measurement and collected
data of temperature, pH and biogas flow rate. 2 — A digester
tank is 80 liter with shrimp culture pond sediment. 3 —
Measuring system for biogas flow rate. The experimental data
were occurred in analog signal and convert to digital signal via
conversion unit with model NI- USB6008.

B. Parameter Identification via Genetic Algorithm

The application of an appropriate identification
methodology via artificial intelligence technique can be
d the t ical model of an anaerobic digestion

with shrimp culture pond sediment in the biogas process, as
shown Fig.5. The investigation of the coefficients in the
mathematical models (3), (4), (5), (7), (10), (11) and (12) is a
very complex problem because of restricted information input

temperature, pH, initial substrate concentration (S,)and
biogas flow rate (Q(1)) can be measured. Where Q({) is the
biogas flow rate from the mathematical model of anaerobic
digestion with shrimp culture pond sediment in the biogas
process. O(t) was compared to the biogas flow rate result from
the experiment setup. Their deviation value could be obtained
with sum square error (ey,).

. = 3 lo-20)] (13)

The identical technique by Genetic Algorithm (GA) is the one
method to seck answers by natural selection and GA. It will
have the continually improve to find answers from one
generation to the next generation like the evolution of living
things [18-19]. The components of the GA cycle are
populations, original species and new species. GA will have
continually improved from narrow local solution to global
solution. GA will finish when ending condition is consistent.
Generally, the condition is amount of generations required or
acceptable deviation value is required to accept the best
chromosome in the group of populations.

GA Block

Fig. 5 Identification method

C. Experimental results

From the experiment setup, 80 kg shrimp culture pond
sediment was put into a tank and fermented the sediment by
anaerobic digestion in batch reactor. The transient response of
biogas flow rate in biogas process is shown in Fig.6.
The results showed that the biogas was occurring fast At the
start of an experiment, the biogas occurs 675 cm’. The
collecting data of accumulative sum of biogas production in 30
days is 13,255 cm’ and average biogas production is 424.35
cm’/day which are CH,, CO, and N, composition were
44.34%, 491% and 17.23% respectively. The reaction
temperature varied with room temperature which is shown in
Fig.7 and pH profile within 5.8 - 7.8 each day as shown in Fig.
8.
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Fig.6 The transient response of biogas flow rate
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Fig.8 pH profile

There are three models that are available for finding variables
in identity specification of anaerobic digestion with shrimp
culture pond sediment in the biogas process. The mathematical
models depend on the change of bacteria which affected by
organic substances and could find that Monod model has
minimum error by initial substance concentration (organic
matter) which 73.5 g/I.
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Table 1

Chemical Compositions of Biogas

Biogas compositions Analyzer %
Methane ,CH; 4434
Carbon dioxide, CO- 491
Nitrogen, N2 17.23
Hydrogen, Ha Non detected
Hydrogen sulfide, HaS Non detected

Source: Scientific Equipment Center,
Prince of Songkla University, February 2010

Table 2
Biochemical Properties of Shrimp Culture Pond Sediment
No Biochemical properties Before After
T pH 77 75
2 Total Solids ,mg/I 139,859 15,978
3 Total Dissolved Solids, 24,500 9,700
mg/l
4 Total Suspended Solids, 112,200 5,750
mg/l
5 Total Volatile Solids, mg/I 22,653 2,450
6 Total Fixed Solids, mg/I 139,603 10,922
7 Biological Oxygen 2,334 324
Demand
(BOD),mg/l
8 Chemical Oxygen Demand 7.840 1,197
(COD),mg/l
9 Total Nitrogen, mg/I 4,300 5,000
10 Total Phosphorus, mg/I 6.24 136.95
11 Total Potassium, mg/| 816.5 662.5
12 Organic Carbon, /| 427 473
13 Organic Matter, g/l 73.5 1.3

Source: The Center for Scientific and Technology Equipment,
S University of Technology, January 2010

The biochemical properties of shrimp culture pond sediment
and chemical compositions of biogas are shown in Table.1, 2.
The results of the treatment of shrimp culture pond sediment
by anaerobic digestion in biogas process could reduce the
sediment properties TS, TDS, TSS, BOD and COD were 89%,
60%, 95%, 86% and 85% respectively.

D. Simulation results

The identical specification of the variable via equation (7) to
estimate variables, we use specific growth rate of bacteria
depend on the temperature, pH, biogas flow rate data,
E=16000 J/g.mole, E;=34500 J/g.mole and R=1.987 J/g [2].
We studied population number and GA cycles that affect
system identification as shown in Fig.9, 10. Table 3 and 4
demonstrates the error of GA program. The tests showed the
population number and GA cycles increased, the error
decreased but need more computation time. The estimation of
the mathematical model doesn’t consider the error occurred
but must be considered with the principle of anaerobic
digestion process [20].
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Fig.9 The responses of the GA cycles of system identification
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Fig.11 The responses of biogas flow rate of experimental and

estimation data

Table 3
GA cycle
Table 5
GA 100 1000 10000 | 100000 Parameter Identification for Biogas Process
cycle
1.3676 | 0.1457 | 0.0079 0.0035
€ Parameters | Estimated | Estimated
Value-1 Value-21
& 0.119 2714
12
oemr— k 3.614 0477
1 Estimation 20 1.69 0.1
Estimation 50 .”mn\
o Estimation 100 ,‘ 1.1087 20
Estimation 1000 ?
k -1.6654 -

o , @ 24x10" | 1.92x10"
§ o4 e OB, ’ P 1.02x10% | -8.16x10%
S Iy g 4 2 & -0.111 -0.0555

02 . ¢ 3

v " -5.601 -0.8257

o b 76.108 11347

o2 M -254.03 -38.4

i k, 9.99 1

5 10 15 20 25 30 35
t{day) ks 17.084 -

Fig.10 The responses of the population number of
system identification

Table 4
Population number

Population | 20 50 100 1000
number

2.195 0.187 0.119 | 0.0475
Css

The estimation of the mathematical model of anaerobic
digestion with shrimp culture pond sediment in the biogas
process is selected variables with 100 population numbers and
100,000 GA cycles. The best answer is to find the best
chromosome in population. The GA algorithm stops when the
search criteria. The estimation-1 is model with dynamic
compensation (kk;) and estimation-2 is model without
dynamic compensation (kk;). The k compensates unknown
dynamic response of the relationship between specific growth
rate and concentration of organic substances and k;
compensates dynamic response of the relationship between
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specific growth rate and biogas flow rate. The error of
estimation-1 is 0.7239 and estimation-2 is 1.8596.

The comparison between the responses of the mathematical
model and the experimental data of biogas flow rate are shown
in Fig.11. The results of parameters identification of the
mathematical model are represented in Table 5.

The parameters those are estimated by the GA method are
necessary to consider the accuracy in accordance with the
experiment. The expression equation 7 with parameters of
estimated value-l and estimated value-II were adopted by
Monod model because it best fit experiment data as shown in
Fig. 12.

0.025
aEE
0.02
é Estimation-1
< o015 (Estimation-2y5
o
‘§ 0.01
@
0.005
i
0
] 100 200 300 400 500 600

Substrate Concentration
Fig.12 The Monod law

The biomass growth rate is often perfumed to be slowed
down at high biomass concentration. A simple model that
accommodated for this situation assumes that the specific
growth rate decreases lineally with the biomass concentration
and is illustrated in Fig.13.

(Estimation-1)-17

12 Estimation-2
1
g 08
§
£ os
3
04
02
OD 2 4 6 8 10 12 14 16 18 20

Product Concentration

Fig.13 The Contius model

The temperature is most modeled by an Arrthenius-type law,
as has been done. The expression shows that the specific
growth rate increases with temperature up as shown in Fig.14.
The relationship between specific growth rate and pH in
biogas process is parabolic form as shown in Fig.15.
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The identity specification of anaerobic digestion with
shrimp culture pond sediment, the variables can be used to
estimate mathematical models. The models should be tested
with many cycles in order to gain the accurate variable. The
variable that affect biogas flow rate should be controlled as
well.

Estimation-1
Estimation-2

20 200 0 310 320 30 M40 3%
Temperature, (K)

Fig.14 The relationship between specific growth rate and

temperature
45
4
35
e
2 3
£
§ 25
e Estimation-1
'Ei 2 (Estimation-2)x6
@
1.5
1
05
6 62 64 66 68 7 72 T4 76

PH

Fig.15 The relationship between specific growth rate and pH

1V. CONCLUSION

The biochemical properties of shrimp culture pond sediment
after biogas process were reducing 89% of BOD and 60% of
COD which effected to soil pollution and emissions (Methane,
Carbon dioxide) to the atmosphere. The increase of nitrogen
and phosphorus in shrimp culture pond sediment were useful
for plant. This research only studied shrimp culture pond
sediment from shrimp farming that do not use effective
microorganisms because the biochemical properties of shrimp
culture pond sediment is charge.

The shrimp culture pond sediment produces biogas via
anaerobic digestion as a way solves problems of the energy
and envir it. The biogas of shrimp culture
pond sediment has methane 44%, heating value 18 MJ/kg and
efficiency of energy conversion 20% approximately. The total

mar
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biogas of shrimp culture pond sediment can be occurred
1.65x10™* m'/kg approximately. Therefore, we can produce a
biogas 2.06-5.15 x10™ m*/m” approximately.

This paper presents the structure of the mathematical model
and parameter identification technique that is used to estimate
dynamical model of anaerobic digestion with shrimp culture
pond sediment in the biogas production process. The
dynamical response of the mathematical model compared to
the experimental data by Genetic Algorithm method with
principle of anaerobic digestion. The estimation of the
mathematical model with dynamic compensation (kk;)
illustrates results consistent with the principle of anaerobic
digestion. As the results of the study, the variable from identity
specification can be used to estimate biogas flow rate and
applied to design experimental equipments for batch reaction
of biogas production from shrimp culture pond which is
appropriate to requirement and usability.

NOMENCLATURE

concentration of the biomass in the reactor (g/1)
biogas flow rate (I/day)

substrate concentration (g/1)

substrate concentration in the fluent (g/1)
specific growth rate (d")

k. k; anaerobic digestion constants in the biogas process
U Maximum specific growth rate (d”)

T Temperature (°C)

k. k,, constant

k.k; dynamic compensation

E.E, gas energy (J/g.mole)

R gas constant (J/g)

ay, aa; constant

a, b, ¢ constant

k, constant

T L u X
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