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ABSTRACT

This work aims to study conversion of crude glycerol derived from production of
biodiesel to more value products using biological process as the process is environmentally
friendly. Crude glycerol mainly consisted of glycerol and organic impurities. Organic phase was
separated and return to biodiesel production process while glycerol phase was a raw material in a
fermentation process. Three glycerol recovery methods: 1) using 6% H,SO,, 2) using 30% H,SO,
and 3) using cation polyamine 6% blending with poly-AlCl, 94% were studied. It was found that
using 6% H,SO, was the most suitable method as it gave 26% glycerol recovery with lowest cost.

In fermentation process granular sludge from UASB wastewater system was
used as seed, recovered glycerol was a carbon source and pig manure was used as a nutrient
supplement. From batch fermentation with 1 liter working volume glycerol mixed with pig
manure and granular sludge gave highest biogas and methane production, which was a lot higher
than fermentation with pig manure mixed with granular sludge, fermentation with only pig
manure and fermentation with only seed. From this result it was confirmed that glycerol could
enhance the fermentation process. Study of the effect of COD:TKN ratios (50:1-70:1) showed
that 50:1 was the optimum ratio, which biogas production of 446 ml/d and cumulative biogas
production of 1,062 ml were obtained. This COD:TKN ratio was then applied in Semi-CSTR
fermentation with 2.5 liter working volume at temperature 33 + 3 _C using 37,500 mgVSS/L of
granular sludge. The experiments were operated in three reactors with hydraulic retention time
(HRT) of 10, 5 and 2.5 days, respectively and the organic loading rate (OLR) of 0.26-4.27 kg
SCOD/m’.d. It was found that the system produced higher amount of biogas with increasing of
OLR. At OLR 0.26-2.14 kg SCOD/m’.d the average SCOD removals were 82.14-92.45%, but at

OLR 4.27 kg SCOD/m’.d the average SCOD removal was lower to 75.75% since this OLR was
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2.6.1 nszvIuMsislasladea (Hydrolysis)
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arsdsznovdunEenil lwanamnas aunsoazaein 14 s nsaezi lu Waa nia lugiu
2~ aan tiyl a 2 a 49! Jd A A dAA 1
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Y
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2.6.2 NITUIUMIOLB AT (Acidogenesis)
astlsznevateiie Idnnnszuaums'lalas ladaazgnldifuumas
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2.6.3 oz Bl uda (Acetogenasis)
? dy A a Ay y g o .
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A1319N 2.4 M5808aa18 IUNTLUIUNTOLE IARIUEE (Deublein and Steinhauser, 2008)

Substrate reaction

Propionic CH,(CH,)COOH + 2H,0 — CH, COOH + CO, + 3H,
Butyric acid CH,(CH,),COOH + 2H,0 — 2CH,COOH + 2H,
Glycerol C,H,0,+ H,0 — CH,COOH + 3H, + CO,

Lactic acid CH,CHOHCOO + 2H,0 = CH,COOH + 3H,+ CO,
Ethanol CH,(CH,)OH + H,0 — CH,COOH + 2H,

2.6.4 NITVIUMITAINY (Methane Formation)
a A Ja a 49! a a a a
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. . PN [l 9 ’o‘ = a A d Y A [
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1. Acetotrophic Methanogens 919i38n71 Acetoclastic Bacteris 3® Acetate
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Wﬁﬂ[‘luﬂ"ﬁﬁiqﬂulfﬂu fio Uszuasovay 72 ANEAUNITN 2.1
CH,COOH ——  CH, + CO, @.1)
2. Hydrogenotropic Methanogenic W3e Hydrogen-Utilizing Chemolithotrophs 1l
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winnuaeulaTasnumazmiveulaoen lad Tashvlosmmazgnulasugilaidluna
s g | 1 < %
mSuou'laoen lvauaz ls Tasnuudrgnulasugias luilulimu Failuitsesvesnszuiu
H Vv
ﬁ%j'lﬂﬁlﬂuﬁ@ﬂﬁgﬂ'lﬂ!%}@ﬂﬁg 28 ﬂ\iﬁllﬂ'lﬁ‘ﬁ 2.2 g 2.3 NITUIUNMITIMIUNATTINITOLUAAY A
Mwilsznoui 2.6

HCOOH -_—> (CO, + H

2

(2.2)

2

CO + 4H

) —— CH, + 2HO (2.3)

2



Anaerobic Digestion Process

Complex substrate
s (Insoluble and

= soluble)

é Hydrolysis (Limiting-step)

S v macromolecules — simpler molecules

g Simple soluble

o substrate

; Acidification

N simple molecules —» — acetate, H,, CO,
L-Acetic acid Propionic,

_ . H,CO, butyric, valeric

5| formate acid, lactic acid,

8 alcohols, etc.

£

§ Methanogenesis

o acetate, H, - CH,, CO

& (mETHANOGENESIS) - k-

e

> Process stability depends on: Biodegradability of
— Methane feedstock, population of bacteria, growth conditions

and CO, and the temperature

H E
Mnlsznou 2.6 ElluG]’E]‘L!ﬂ'liﬁ'l\1TL!ﬂlﬂﬂﬂi%ﬁ?ﬂﬂ'ﬁﬂﬁ]ﬂﬁﬂ']ﬂiuﬁﬂ1Wh1%}66ﬂ“]5ﬁ]u

(www.pyo.nu.ac.th/ene/data/307331/0%20Anaerobic%20digestion.pfd)

a o
Deublein and  Steinhauser, 2008 ldleus NYUHNMIHAMFTINININ
= Yo =
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CH0,+H,0 —— CH,COOH + 3H, + CO, (2.4)
o { { an I 4 o
Acetotrophic methanogens ¥tthitasunsaezdanliilulimunazaiveulaoen lad
CH,COOH  ——— CH, + CO, 2.5)
{ : o IS
Hydrogenotropic methanogenic #nihnu/asu laTasnuuazaiveulaoon lad l1idluiimu
co, + 4H, ——— CH, + 2H0 (2.6)
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2,71 Qﬂm{]ﬁ (Temperature)
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Rate of AD process
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(www.pyo.nu.ac.th/ene/data/307331/0%20Anaerobic%20digestion.pfd)
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2.7.2 W2 (pH)
o o 3~ 9y 4 !
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(Deublein and Steinhauser, 2008) 1o 1¥uafiG suaaznguanIons puaziusuIUEad 16
] a 4 14 I o J o J
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A A Y A ~ =2 ~ ) aa Y
puANGeRaINIMULAZINNPFAAAIDITN 4.5-5.0 dztnalduuanGoai e limurgams
a dd‘ a3 1 1 a [ ]
w3 1A Tunsai anudlualuneios aas@uaiasulaell  NaOH)  1Juarn vie
s X d { A o
Tydeu luamsueiua (NaHCO,) Fuiluansadifmimzauigamaiz1d lumivona Tagass
1 1 dy X [ = g = Y 1 1 A
ual I asmartianse lglumslsulgeiesninasvesszunlved lugranmunz ey

Y Y
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2.7.3 NIASTIHNY
AATINBdEY (Volatile Fatty Acid, VFA) launwinnsaesdan nsatinsn
a a Ia I { £ < o
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2.7.4 aMNA19 (Alkalinity)
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o o A 1 <3 = Y ] A =~ < 9 1 ~
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[Alkalinity] +H ~ ——— [HCO,] + 2[CO,”] +[OH] 2.7)

Hydrogen Ion Bicarbonate Carbonate Hydroxide Ion
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UanseleaioeNga (Deublein and Steinhauser, 2008)

2.7.7 ANNABINTATOINT (Nutritional Requirements)
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2.7.9 MINIU (Mixing)

Y a A

= s A '~ ¥ v W
ﬂTﬁﬂ?uu@ﬂ%Tﬂ%gﬁJﬁ]‘ﬂﬂigﬁ\?ﬂ!wgiﬁﬂaUﬂﬁﬂNIGﬂWﬁﬁNWﬁﬂﬂﬁ'ﬁ@TW'ﬁ

Q

% v o o Y oA P = =
!Lﬁgﬂjg‘UTEJ@]'JUIJJVI’J‘E]Qﬁﬂﬂllﬁjﬂ\iﬂﬂqﬂﬂﬁ&’ﬁQﬂﬂu‘f] 2N A (Gray, 1981)

A o v a v o Y v A o gl.l [
- L‘W’Oiﬂ‘]&l1i$ﬂﬂﬁgmﬁﬂ“mﬂ1ﬂiuﬂ\‘iﬁl}ﬂi’ﬂﬂigﬂﬂmﬂﬂﬂu‘ﬂ\iﬂﬂ

Y
U [

di a 1 ] an Y ) dy
- INNTTAWAITNY YU Ia‘ﬂ%ﬂuﬂua%ﬂiﬂ@%“lﬂ@]ﬂiﬂﬂiziﬂﬂqﬂﬂﬁﬂi MU

A A = o v =X ~ v ¥ a AA A
ioanMsazauvoIa1s iy o 3alaganilnesdindezinadudinanssuvesuuniien

Y
FULTINNATU

di 9 v Aagq Y a g’; Ly %l o a
-ieiloanuiildinansuensueinznouaswIn luuuaziniuas s

Aa @ ) a I
Aot i Inadluih la

I ' a Yy o y a Y o Y Y1 2
- L‘JJumimLfﬁ3J°lﬁﬂ1%tsﬂﬂ@1’;ﬂﬂﬂ%1ﬂ%umﬂ’é]u‘U’inmﬂummJﬂllmwﬁuu



18

Y

asy 9 Y [ g = v 9 A Y Y o
FmsnuluszuyBBeormez ¥l uianuindeediaieg wie s 1

= [ o A Yanq Y& da@} 19 [ v A o
@]3ﬂf]uhlﬁaL'Jf]ucluﬂﬁﬁllﬂW3'f)f)'li]GlGI)"J‘ﬁGlfl’iﬂ’l“]ﬁ]'lﬂigﬂﬂllﬁﬁelluﬁﬂ'luﬂuﬂlﬂﬂﬂﬁﬁﬂﬂLW@@uLfJ’]

£l

 a Y o [ o S A2 o & ) o o v 3 o
@lgﬂfluua$u1lﬁﬂi1’ihl’ﬁaﬁ\1hlﬂ1ﬂ 20mun Mynutugssuiunndmsussuuihnaduge
Y

'
A o

1 X @ < 3 < v o PAY
mumimy mumaimelﬁszGumsuml,lfmmwummzﬁuamﬂmizmﬂclumwuﬂslwuﬂ?mm

afuauennainuaziie Idszuuiidse@aninngaga

2.7.10 38U 1NTZVIUMS (Process Inhibitor)

a A o

y Y 4 =) 1 = 1
Tagna lilidesliasdngimsnsguesgaunsdeguinuieralosie 1w

Q
Y 4
o

mshanuazetn Targmin uazuon Tuile a3t varlundIvIzgnMIneenINIdY

= = =

g’/ 1 A 1 9 1 1
Gluﬁuumummmmﬂmﬂau‘nwmﬁ Lmlﬁ@i’l]']ﬂllﬂﬂﬁGﬂﬂ@NﬂﬁﬁNﬂJLﬂuNﬂTﬂJ@@ullﬂlﬁﬂ

'
1A

o &y A o o A VoA a ad 9 v ¥
E‘ﬂifﬂJENllﬂ\‘i18&116“/]fJ‘]JﬂiJLHJﬂT]LifJﬂijl1]1/]8’08?(@‘]1fJfﬂi’E]uT]ifJLLﬂ%ﬂQiJVlﬁi’Nﬂiﬂ ANUUNIN
g = = o gl.l a 1 <3 [ 9 a a a o =\
unf’fﬂiuigﬂﬂuﬁﬁﬂﬂfJ\iﬂﬁﬁ]iiUu’E]gq\ifjﬂﬂi]%ﬁﬂWﬁ‘l‘ﬁ‘ﬂizﬁ‘ﬂ‘ﬁﬂWWGluﬂﬁNa@ﬂWG]fllmu"UE]\i
d' A A 1 d' Y = a é 9 = a &’
TTUUAA LUBINNUUANEIYNYUNT T WUINY Tiq@ﬂ”ﬁLﬂﬁfy“ﬁﬂ@]@ﬂlﬁﬂmaﬂuﬂTilﬁlll‘]f 3]
A Y a 19 YA Aa A o v 3 o a 9
!‘ill{?’ll.ll,m%l,ﬂu‘i$‘U‘]_Jcl,ﬁllﬁl1’mﬂi$ﬁﬂ‘ﬁﬂ1W1uﬂ1i‘U1‘Uﬂu1Lﬁﬂlla$51N15ﬂlﬂu3$ﬂﬂqﬂu1u
Deublein and Steinhauser (2008)
a v d' d' v
2.8 UIVYTUNYIVDY
Aa = @ y3 I K o w
gaeunssumawan luTeda lutgiu lddanudeanudagaelym
Y a a =t o Y o = 9
NﬁWﬁﬂﬂqﬂﬂﬂL“ﬁﬂﬁﬂﬁﬂﬂﬁu@]ﬁTQ HazNUIIMNNA1 (Haas et al. (2006) “lﬂTHﬂTiﬂﬂBWlu‘iquﬂTi
a = k) 1 = a 9 g A =3
waﬁ"luiammaumwmw 1NN ANVDINALEDIOAAY (39T 80 11!11!1) naaas 0.01 Mgy
14 [ 1 Y 91 a = Lg =) 14
ADNANTTNITY ﬁ\iNﬁi‘l"iﬂﬂ“]ﬂ%?fﬂuﬂigﬂ’JUﬂTﬁNﬁGﬂ’UT’GﬂL“]fa’s;f\i‘llu 0.008 WygtyADANIT
1 = a A Y A = [ A = ] Y
aneg Tﬂﬂﬁ'IFHSUENﬂﬁl%ﬂﬁ@ﬁﬂﬂﬂlluﬂiuuﬂﬁ]%ﬁﬂﬁ\i@ﬂ aanlszneun 2.8 “D’\‘]i]%!,ﬁuulﬂﬁl"l
= a 2 X ' = a L= ] 9 A A
U511 50aALINNIUY NN LANALEDTDAY ii:f“l/l‘ﬁiJ‘lGiﬂﬂ!ﬂf]uGUNﬂ\‘Wl Hagiiaug
1 <3 Y1 ?,‘, =S a ) a Q(d 9
Gluﬁ’)uﬂl@ﬂi']ﬂT ﬁmmzmu”lmnmqﬂmmaiaaﬂ‘uuazﬂmcmﬁaamqmmmﬂumﬂm
' ' s
IﬂﬂmW'lg ﬂalcﬁ@iﬂaﬂﬂﬁh.ligEJ%ﬁﬁ\‘iiWﬂ"lﬂﬂﬁ'laQ’ﬂEﬂ\nﬂﬂ Lﬁmmmmﬁmasaamqmw
Jainnudiagun Tugaa NI TNeIMIT 811930981019 LAZYATIHNTINYIZY UANDIFDTOA
A A g FY a = = A FY ' a
@mmﬂuwawaaa‘lﬂmﬂﬂizmumswa@"luiammaﬂzmmmﬂmmg AMNNITUIUNITHNAN

[} @ Aana a 4 %’ @ ] Y
IFU €17 iﬂﬂaﬂiEﬂ Lﬂﬁ@ MUBA IINALDHINDT UINU &) uazﬂsﬂ"lwuaﬁiz



19

Market prices and production volumes for refined and crude glycerol
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Q13199 3.3 MINIAUVY Semi-CSTR NOAT1AIY COD:TKN 17U 50:1

w ~ . | SCOD | Working volume
mﬂgﬂﬁm HRT (d) Q (L/d) OLR (Kg SCOD/m’.d)
(mg/L) L)
10 0.25 1.07
1 10,679 2.5 5 0.50 2.14
2.5 1.00 4.27
10 0.25 0.53
2 5,339 2.5 5 0.50 1.07
2.5 1.00 2.14
10 0.25 0.26
3 2,645 2.5 5 0.50 0.53
2.5 1.00 1.06

A13197 3.4 MINNAUVY Semi-CSTR NOAT18I1 COD:TKN M0 40: 1

04 SCOD Working volume HRT Q OLR (Kg
Ugnsal (mg/L) | (L) @ | (Ld SCOD/m’.d)

10 0.25 0.76
1 7,646 2.5 5 0.50 1.53
25 1.00 3.06
10 0.25 0.39
2 3.852 2.5 5 0.50 0.77
25 1.00 1.54
10 0.25 0.19
3 1,917 2.5 5 0.50 0.38
25 1.00 0.77
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MaFannd lannnszuiumsninuun1¥e1ma (APHA, AWWA and WEF, 2005)

Parameters Method Frequency of Monitoring

Temperature Thermometer nn M

pH pH meter nn el

Alkalinity Direct Titration Method nn 2 M

Volatile Fatty Acid Direct Titration Method nn 2 M

SCOD Filter/Open Reflux, Titrimetric Method ~ 10 2 M
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MLVSS Gravimetric Method i?? UFANITNADD
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CH, production
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HRT 10d HRTS5d HRT2.5d

Reactor | OLR 1.07 kgsCOD/m>d Reactor | OLR 2.14 kg sCOD/m’>d Reactor 1 OLR 4.27 kg sCOD/m’.d
Reactor2 OLR 0.53 kgsCOD/m’d Reactor2 OLR 1.07 kg sCOD/m’>d Reactor2 OLR 2.14 kg sCOD/m’.d
Reactor3 OLR 0.26 kg sCOD/m>d Reactor 3 OLR 0.53 kg sCOD/m’>d Reactor 3 OLR 1.06 kg sCOD/m’.d
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HRT10d HRTS5d HRT2.5d
Reactor ] OLR 1.07 kg sCOD/m>d Reactor 1 OLR 2.14 kg sCOD/m>d Reactor | OLR 4.27 kg sCOD/m*.d
Reactor2 OLR 0.53 kg sCOD/m>d Reactor2 OLR 1.07 kg sCOD/m*d Reactor2 OLR 2.14 kg sCOD/m>d
Reactor 3 OLR 0.26 kg sCOD/m>d Reactor 3 OLR 0.53 kg sCOD/m*d Reactor3 OLR 1.06 kg sCOD/m>d
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augadlumsihauvesnduni s fiAansaszmeiuazaduidiadadimua ey Tay
Szvufifsinunsassmeieazauaginnizdiudunsione gaunidnaiefimu whldszuy
NINANIHa1 1A (Andrew, 1976 11a Forday and Greenfield, 1982) 31ANamsnaasdadaadly
mwdsgnevd 4.11 wudhlugaaduduves HRT 10 19 3 OLR Snsaszmedie il
UANGIFULININ A0 7l OLR 1.07, 0.53 112 0.26 kg SCOD/m’.d Hmnsaszvisdio oglusig
111-345, 100-345 1@z 100-391 mg/l CH,COOH muany wuifeInuluyie HRT 5 Al
Winansasemeds it iuaneaiann fe i OLR 2.14, 1.07 uag 0.53 kg SCOD/m’.d A1
NIATLIMBIY 08 1UBII 140-525, 100-450 118z 100-450 mg/l CH,COOH Mua1a Tag Wi

Y v [l v
929 HRT U5 1naniasemisemasasauu1nni1ge HRT (450 1Wona1sanfn HRT 2.5 U
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wuhlina nsassmede ivivediain1dsa Taumms dnlfnsal 1 7 OLR 427 ke
SCOD/m’.d Wsmmnsaszmedwazaunuamaaiivanzayhlnn Tasmgagasgd 1,290
mg/l CH,CO0H Tawita luudrsedu nsaseiviod1s Mimuzey fie 50-500 mgl CH,COOH &4
mgagafivon i luszun IAsy 2,000 mg/!l CH,COOH (riyssdng gaudulsnd, 2543;

W5AS L%@Q%@%%’ﬂﬂfi 2541 a1y Harbert, 1981)
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Reactor | OLR 1.07 kg sCOD/m>d Reactor | OLR 2.14 kg sCOD/m>d Reactor 1 OLR 4.27 kg sCOD/m>.d
Reactor2 OLR 0.53 kg sCOD/m>d Reactor2 OLR 1.07 kg sCOD/m*d Reactor2 OLR 2.14 kg sCOD/m>d
Reactor 3 OLR 0.26 kg sCOD/m>d Reactor 3 OLR 0.53 kg sCOD/m*d Reactor3 OLR 1.06 kg sCOD/m>d
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iipaninuaay dalfnsal fim1 OLR 1Al Ao 7l OLR 2.14, 1.07 uag 0.53 kg SCOD/m’.d lif
8031897UY09 NIATTIMNY ABANINANBY NI 0.20-0.75, 0.15-0.62 11ag 0.20-0.56 mg/l
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Reactor2 OLR 0.53kgsCOD/m’d Reactor2 OLR 1.07kgsCOD/m’d  Reactor2 OLR 2.14 kg sCOD/m’>d
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4.4.6 Mmsthiadlen
= a A o v A =S Y 4 =] =) ’n’
namsanplszansnmlumsthtadled launsizianndlefazatei
(Soluble Chemical Oxygen Demand SCOD) Tagindendeudnszuuiial SCOD aanu 3 M
A9 10,679 + 403, 5,339 + 81 LAY 2,645 135 mg/l WU SCOD ¥BINININATLUL AA0A

FZIZNANMINAADAAIAIMNYTZNOVN 4.13

100

HRT 10d HRT5d HRT2.5d
Reactor 1 OLR 1.07 kg sCOD/m>d Reactor 1 OLR 2.14kgsCOD/m>d  Reactor 1 OLR 4.27 kg sCOD/m>.d
Reactor2 OLR 0.53 kg sCOD/m>.d Reactor2 OLR 1.07 kgsCOD/m>d  Reactor2 OLR 2.14 kg sCOD/m>d
Reactor 3 OLR 0.26 kg sCOD/m>d Reactor 3 OLR 0.53 kgsCOD/m>d  Reactor3 OLR 1.06 kg sCOD/m>d
3500
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{ Y le v
AsznauN 4.13 SCOD VoI 1M9INTLUUHUNIULUY Semi-CSTR

mamam‘ﬁ HRT 10 A1 SCOD ﬂl@ﬁﬁ?“ﬁ,ﬂﬁ OLR 1.07,0.53 uag 0.26 kg
SCOD/m’.d IDASITY 806 + 56, 540 + 92 LAz 382 + 113 AW 7t HRT 5 51 A1 SCOD
VBUhnaues OLR 2.14, 1.07 1Az 0.53 kg SCOD/m’.d INAGIMI 880 + 152, 520 £ 92 1A
332 + 98 MUAWY taLh HRT @ 2.5 71 A1 SCOD ¥eathiaii OLR 4.12,2.14 1ag 1.06 kg
SCOD/m’.d MBI 2,589 = 680, 954 + 133 1AL 739 £ 214 AW

T 24 @
1NNITNAADINUIINT SCOD Yo91ININ00NIINTEUVUVDY HRT 10 1ag 5 I

v
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gJ [ a 4 1 1 ] Y Y] 1 { [ 1 1 %,'
VYOI 3 mﬂgﬂm ﬁm'lmwmmaﬂuumuﬂ @IUN HRT 2.5 T4 Wy SCOD ¥adUIMNN
[ a 4 1 4 Z’, ' e ] LY (%
ONIINISUVUUB ﬂﬂ‘ﬂi‘]ﬂim 2 18 3 LANANINNA1 HRT ﬂﬂﬁﬂﬂﬂﬂuﬁﬁ’”lﬁnlililﬁ‘luﬂ LA

A 4 (] ¥y 2 A A A 2 < Y1 A a0
ﬂgﬂim 1 N1 SCOD Y9IUTINNINBDBDNIINTEUUUAUNNUUNIN ﬂz!‘ﬂu”lﬂ'nw HRT 2.5 uan



=

OLR M0V 4.27 kg SCOD/m’.d

a

~

L g J A 2 e A A a J
“]NL‘]JU?]’] OLR T/]E;f\i‘]/]ﬁﬂ"ll'ﬂ\iﬂ'liﬂﬂa@ﬂu HUADUAITOUNTY

Q

47

~

9 Y 1 a d'dy A J ] 9 Y a A o W
Yowdhgszuugunuinreqaunidezdos ldvua  Tasawnsog laninisz@nsnmmsihiia

q

H Qy v {
SCOD 9911199152 uUnInIINNNUsZnoUN 4.14

HRT 10d HRTS5d HRT2.5d
Reactor | OLR 1.07kgsCOD/m>d ~ Reactor | OLR 2.14kgsCOD/m*>d  Reactor | OLR 4.27 kg sCOD/m>.d
Reactor2 OLR 0.53 kg sCOD/m>.d Reactor2 OLR 1.07 kg sCOD/m®>d  Reactor2 OLR 2.14 kg sCOD/m>.d
Reactor 3 OLR 0.26 kgsCOD/m>d ~ Reactor3 OLR 0.53 kg sCOD/m*>d  Reactor3 OLR 1.06 kg sCOD/m>.d
100 : H H
o i o i
% RWLTTTE o 2o STy
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: : o° ;0f 90 0 4
270 0O Sog—
a H
8 O
5 60
50
0 10 20 30 40 50 60 70 80 90 100
Time (days)
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i 9 Y
Mnsznoun 4.14 Ysza@nsnmmstihda SCOD Y9919V UHTNLULY

Semi-CSTR

Uszanimmmsrinia scop vewhfisnnszuumin® HRT 10 A1 OLR
1.07,0.53 1A% 0.26 kg SCOD/m’.d maABTUYooaz 92.45 = 0.52, 89.89 + 1.73 1AY 85.57 +
4.28 9UEG A HRT 5 Fu A1 OLR 2.14,1.07 118¢ 0.53 kg SCOD/m’.d Ysz@nsnimmstiinia
mashsuevay 91.76 + 1.42,90.27 + 1.73 118 87.47 £ 3.71MUa 19U uagi HRT # 2.5 Su
A1 OLR 4.12,2.14 uag 1.06 kg SCOD/m’.d Uszansammatniamasmiutesas 7576 +
6.73, 82.14 + 2.48 1A 84.20 + 3.09 AINA1IAL Forzmulszanamasthia SCOD
outalndifeatulas mieudrnzgenidevaz 80 snidufl HRT 2.5 Fu fl OLR wiiiy 4.12
kg SCOD/m’.d TAnlszansnmmarthiamaeiesiiqa fie Jesas 75.76 + 6.73 FuRavinm

~ a 1 1 o a A Jd Y () =\
OLR NIUNU FAINAADNITNINIUVDYAUNTYA TN IEUINY
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4.4.7 ONIMINAAMBTININ (Biogas production)

A 4 a 2 & o 1 A= a a )
:]J%'JJ']ﬂ!ﬂ']C]fG]f'Jﬂ']Wﬂ Lﬂﬂmu1u§$UULﬂuﬂ3UQ Gﬁﬂﬂﬂigﬁﬂﬁﬂ1wm@\1§$UUﬁwﬂ

o o 1 @ ] ] 4 a 4 o a o
IﬂfJ’eﬂﬁEJf‘l"l'i“V]Nﬂlﬁ?ﬁJﬂLl’f)EJNﬂﬁJ!ﬁﬂ\‘]Gllf)Q%qau%%&ﬁ%jWQﬂiﬂlLazﬁ%}1\‘]ﬁlﬂu BATINITHANNIY

FININADIULAAIANININTZAOVN 4.15

HRT 10d HRTS5d HRT2.5d
Reactor | OLR 1.07kgsCOD/m’d Reactor 1 OLR 2.14 kg sCOD/m*d Reactor 1 OLR 4.27 kg sCOD/m>d
Reactor2 OLR 0.53 kg sCOD/m’d  Reactor2 OLR 1.07 kgsCOD/m’d Reactor2 OLR 2.14 kg sCOD/m*d
Reactor3 OLR 0.26 kgsCOD/m*d Reactor3 OLR 0.53 kg sCOD/m’d Reactor 3 OLR 1.06 kg sCOD/m>d
4500 : : :
~ . H H
Z 4000 i o rh :“Fb
S 3500 : LP@( [\
E 3000 : DH
= : : I
S 2500 $ :
g : 0
5 2000 : :
E : =
£ 1500
a 1000
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B0
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—{—Reactor | —&—Reactor2 —©—Reactor3

{ o a o 1 @
AMNsENeU 4.15 9ns1MIHanNMsTINN I ULAaZ IUVDINITNAA DY

MsNAABIR HRT 10 51 #i OLR 1.07 0.53 uaz 0.26 kg SCOD/m’.d 18A5175
HAAMAIININRAN1IZAITIRFONINTY 1,423 £ 104, 697 + 108 1A% 259 = 13 ml/d/2.5 L
AWEIRY A HRT 5 3 9 OLR 2.14, 1.07 11ag 0.53 kg SCOD/m’.d fisasimsnanmadnnmi
ANNLAITURBOITITY 3,003 = 179, 1,451 + 142 1A% 670 + 62 m/d/2.5 L Ay uagi
HRT e 2.5 31 7l OLR 4.27, 2.14 uag 1.06 kg SCOD/m’.d H8AsINMIHAAMBFINMNT

ANILANAANAUNIND 914 £ 105, 3,000 + 43 1A 1,436 + 96 ml/d/2.5 L aua1ay
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4.4.8 So8azMINANMBNINY (Methane production)
o ~ A A d%' a 4 o A

M3 Mmasnmnnadu lnsieviesnlseneulaeniss GC-TCD wa
HEAAIAINNLTENBVN 4.16 NUNTEALMIHAAMFIINUIINAINAABIN HRT 10 1 71 OLR
1.07, 0.53 uag 0.26 kg SCOD/m’.d HAUNAUNINY 70.87 + 3.30, 72.52 = 2.34 11ag 71.92 +2.77
AUAIY N1 HRT 5 31 71 OLR 2.14, 1.07 4az 0.53 kg SCOD/m’.d H3osazmInaamastimy
MAVNIND 66.17 + 1.92, 68.28 + 0.67 11ag 70.96 + 0.85 AUAIAY tagh HRT ganie 2.5 7u N
OLR 4.7, 2.14 uag 1.06 kg SCOD/m’.d H3ogazmsmanmeiimumasming 45.67 +9.32,
65.78 + 1.28 1Az 73.16 = 4.08 MUHAY Fanuniesazminanmatimu aomasazgini
Y Y3 1 v A a A a o ~ Y F) [ a o
Fooaz 65 uaasldmunszuuniniidszansnmlumswaamadininlaa endu delfnsal

A 9

1 HRT 2.5 31 # OLR 4.27 kg SCOD/m’d Ti¥ogazmsnaamastimulamnasmiige Ao Jovaz

a Y @

{ o a o ?
45.67 £ 9.32 ﬂTi'ﬁﬁg‘]JUWllﬂWaﬁﬂT‘ﬂfﬁW]u]lﬁjﬁj@ﬂuu!ﬂﬂ%]ﬂﬂ')"malllﬁﬁ?"llﬂﬂﬁ3‘]J‘]J?J
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A a =) (d'al 9 Y a VA d 9 = [ 9 a
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a

Y v
Shock Load Y1 U5zl

HRT 10d HRTS5d HRT2.5d
Reactor 1 OLR 1.07kgsCOD/m’d Reactor 1 OLR 2.14 kgsCOD/m>d  Reactor 1 OLR 4.27 kg sCOD/m>d
Reactor2 OLR 0.53kgsCOD/m’d Reactor2 OLR 1.07 kg sCOD/m>d  Reactor2 OLR 2.14 kg sCOD/m>d
Reactor 3 OLR 0.26 kg sCOD/m’d Reactor 3 OLR 0.53 kg sCOD/m>d  Reactor 3 OLR 1.06 kg sCOD/m>d
90 T
3 : :
X : :
N’ : -
z 80 :
£ .82 0 : °
270 =AY 0 Oo® R4 2 5
o— H [m] og E A A A
= Uﬂ
s i
g 60 i :
= 0 :
g A : o
g 50 i
S O
~ : [m]
= 40
Q
0 10 20 30 40 50 60 70 80 90 100
Time (days)
O Reactor 1 A Reactor 2 O Reactor 3

A 9 a o = v 1w
Mnlseneaun 4.16 saﬂazmiwaﬁmwmu“luizummﬂmmu
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a o = a o =
4.4.9 HANAANBYININUATNANAADIBNINY
o a o = U a o = A @
VINNAVDIDNIINITANAANIEFININ LS TDYASNITNAANIFUINU NTNIITAIAND

A 1 A o o a o = 9] =\ VA 9 1%
N HRT Hag OLR AN LU UINIATUIU NANDANIYYINTIWLAS NIBUNUY ﬂm”lmmmmmin

n4a2

A a o ~ a o ~ A o A ' 1Y
AT NN 4.2 NANAAN I B INTWLASHANAAN BN UNTN1IEAIANIN OLR 9719 ] N

dalfnsal | HRT OLR Biogas Yield Methane Yield
(day) | (kgSCOD/m’d) | Ly./2SCOD i | Lo/ SCOD,, .
10 1.07 0.56 + 0.004 0.37 +0.006
1 5 2.14 0.61 +0.034 0.40 + 0.027
2.5 4.27 0.11 +0.004 0.05 + 0.009
10 0.53 0.48 + 0.020 0.33+0.014
2 5 1.07 0.64 + 0.047 0.4 + 0.028
2.5 2.14 0.70 +0.017 0.46 +0.016
10 0.26 0.43 + 0.005 0.30 + 0.009
3 5 0.53 0.59 + 0.050 0.42 +0.032
25 1.06 0.64 +0.028 0.47 +0.032

HOHAAMBFINMGIgAINIAY 0.70 L, /g SCOD

SCOD

removed

removed

[ v Jo [ {
HAZHANUAUNUTNY OLR A9 Nilseneun 4.17-4.18

91113799 4.2 nun ludelnsel 2 HRT 2.5 34 7 OLR 2.14 kg SCOD/m’.d

a o Vo
HAZHANAAMSUNUININY 0.46 L, /g
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A COD:TKN=50: 1
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§ v o o A ® A o
ANTLNOVN 4.17 ANVFUNUTVDI OLR HALHANAANIFEINNNASNANIZAIAD
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0.25 -
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CH, yield (L¢yy/8 scopremoved)

0.05 -

(1.06,0.47
- )

M (2,14, 0.46)
W (1.07,0.44)
M (0.53,042)
M 5 14,0.40)
M (1.07,037)

M (0.53,0.33)

.(0.26, 0.30)

4.27,0.05
.( )

0.00

0.00

T T T T T

2.00 2.50
OLR (kg SCOD/m3.d)
® COD:TKN=50: 1

1.00 1.50

3.00

3.50 4.00 4.50

{ v o a o A A A o
ﬂﬁ/‘lﬂigﬂﬂ’ﬂﬁ 4.18 ANUTUNUDIUDI OLR uazwawa@mcﬁumumaﬂﬁﬁmazmm

Y ]
UININUYY W“U’NLﬁfJ OLR

P
A X a

] =~ a =)
INHVUAANAANTYFINTNLASHARNA ﬁﬂ'l“]ffll‘ﬂu

A X g Y A 3 .4 a o =~ a o o~
INNUURAIY gNIUN OLR 4.27 kg SCOD/m".d NHANAANIEFINTWUASHNANAANTIFUINUAAD

A v A 9 = a
IHDNITMNISUUNUNLTUAULNAN Iﬂf]ll TUYA NN ﬂ?mmﬂqau

=

n3

¢ A 9 1 a A I
g NUUDYNIAITOUNTYN
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9| Y 1 % o { A Y Y] o { Y ao

ﬂaumm;ﬁx‘uu Gﬁﬂﬁ)uﬁﬁ\mmazuuwummu CSTR A293U OLR ﬁqq 9 Ulﬂ LFHUITNNTUIY
. e v Yy . . A as A

U949 Cail and Barford (1985) NANHITSUUNY ' 1591MALUY Semi-continuous NN T

an gavgl 35 orwaTHed HRT 5.6 Sud 115051 OLR Idgada 12.6 kg TCOD/m’.d

a A J [ aaa
4.4.10 mnam;aumﬂmﬂ“lumﬂgmm

a A J o

azneugaunid wzintsnalugilves MLVSS nfssumeuneunaznaims

]
=1

NAADI HALAAIAIAITINN 4.3

Q13197 4.3 11f5e0Mey MLVSS NoULaLHaIn1snNaaed

falfnsal NPUNAADY (mg/L) NaINAADa (mg/L)
1 37,500 41,564
2 37,500 41,212
3 37,500 40,900

1 a 4 o A 2 @ 1
ﬂmmﬁwwumiﬁmmmﬂaui;amﬁ'amwmmimammﬁu UULTAIN

dy a A I a a é’ 1 Y
Lﬂf@i]ﬁu‘ﬂﬁﬂllﬂ?ﬁﬁ]ﬁﬂlum'i_liﬁellualuigﬂ’ﬂ\?ﬂig‘]J'Juﬂ15°ﬂllﬂ

4.4.11 NaYPWPOAT1TIU COD:TKN
4.4.11.1 NIA-A19 NIATLHENE HATOAITIUNIATUHENIBADTNINAI
enFenifieusasiain VFA : Alk i OLR @199 ¥938A5187U COD : TKN
WY 50 - 1 uag 40:1 wunTasdaulngdadau VFA : Ak 50 : 1 uaz 40 1 aglusaaii

Mz eniui OLR 4.27 kg SCOD/m’.d ¥848A3518IU 50 : 1NUSAIIEIUN VFA : Alk 1A

v
=

] A A a a A J [ Y v
"If’NVIL‘H?JT$ﬁ3Jll‘1J3J"Iﬂ IUDNINNITASTUVDN VFA Gluszuumumaummsm"l@ N

nNlsznoui 4.19
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4.50 -
A
00 7 (4.27,4.16)
3.50 -
3.00 -
2.50 -
=
<
< 200 -
=
>
150 1 (0.77, 1.26)
O
Loo 4 (038062 O (1.54,1.17) 0 (3.06, 1.18)
’ (0.39, 0.58) (0|.:|77, 0.74)
050 | o @ 026,044 1L07.038) 1 ;53 .45 t(2.14,0.54>
.19 0.59) ‘(o 53.0.30) W(L07, 0.42F (2.14, 0.40)
0.00 (026,027 (053.0.36) (1.06, 0.41)‘ |
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50
OLR (kg SCOD/m3.d)
A COD :TKN=50:1 O COD:TKN=40:1

ANUTZNOUN 4.19 ©AT1EIU VFA : Alk 1 OLR 9199 Y998951d3U COD : TKN 119U 50 :
1

iHag 40 : 1

HoWvsaA pH 1ag VFA #1 OLR @199 89951831 COD : TKN 1110y

oA A 2 1 Y A 2 a A o 1 A

50 : 1 U8z 40 : 1 WUAUN® VFA NN dawa1ia1 pH Ay Wasannonsaau 40 : 1 A

1 v 3 A ] 1 A 2 o Y @ o A Y 1 a

OLR g4ga A1 VFA gaga duiluaiieglus simunzan 3o ldssundsdui uwldedilng

1A o 1 A 1 I | A A 1 ~ = o 9

uANoAT1dIN 50 : 1 A1 OLR gaga A1 VEA gaga iummnussimingayliun vaild
a 9 =) ] 1 a A J Y 1
FTUVINAAMNANIMAD HazdNAUNAKTINUIIZINNIS IR nouYAUNI gt BN

a oA ' @ " A I { o 1 o a P
msouvsonilowdngszuy Mrsomartitailuaungldneast d@m s0: 1 ludslgnsain 1

HRT 2.5 31 OLR 4.27 kg SCOD/m’.d (RAANNANHAI fannszasui 4.20
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8.00 1400.00
7.00 o — ® |
ANA R ’ A A A 1200.00
6.00
. - 1000.00
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- 800.00 &
Q
o 4.00 ey
s o - 600.00 3
3.00 =
o ° © g
- 400.00
2.00 oco 8 o =
s ¢ s >
.00 —@ - 200.00
0.00 y y y y 0.00
0.00 1.00 2.00 3.00 4.00 5.00
OLR (kg SCOD/m’.d)
A pH(50:1) A pH(40:1) ® VFA(50:1) O VFA(40:1)

A MUsEnoUN 4.20 pH 11az VFA 7 OLR 7199 ¥890@31834 COD : TKN 11101 50 : 1 1@

40:1

4.4.11.2 s IMINAAMBTIM NIz SesazveIM s iiny

MNHANINARBIR M NI DLUNT T 1§18A5 189 COD:TKN iy
50:1 fusasdrufimnzan Tumswinuy Semi-CSTR wonnnnisnaassTaelssasia
COD : TKN 1inu 50:1 laviimsnaaedlaeldensiaiu COD:TKN M1y 40:1 9103
NAABINEATIAIY COD:TKN Wi 40:1 WUNH HRT 10 $u OLR 0.76,0.39 1#az 0.19 ke
SCOD/M’.d H8ATIMINAAMATINNHANIZAIRURABIIAY 1,144 + 245, 531 + 243 LAz
243 £ 10 ml/d/2.5 L Aden it HRT 531 OLR 1.53,0.77 uaz 0.38 kg SCOD/m’.d 6A351713

HAAMFFINNUNTNILAIRUNAY 1NN 2,343 £ 250, 1,091 = 134 1AZ 612 + 149 ml/d/2.5 L

]
=1

AUAIAY 1Az HRT 2.5 54 OLR 3.06, 1.54 1ag 0.77 kg SCOD/m’.d 18a51M3Hann1a
FIMNNANIZAIAURAL NN 2,960 + 132, 1,080 + 132 1ag 567 + 60 ml/d/2.5 L auaia

aan1nlsznoun 4.21-4.22
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HRT5d HRT2.5d
Reactor | OLR 1.53 kg sCOD/m®d Reactor | OLR 3.06 kg sCOD/m>.d
Reactor2 OLR 0.77 kg sCOD/m*>d Reactor2 OLR 1.54 kg sCOD/m>d
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HRTS5d HRT2.5d
Reactor | OLR 2.14 kg sCOD/m>d Reactor 1 OLR 4.27 kg sCOD/m>d
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903189 COD:TKN 1M1A1 50:1 HA1gana1N8a1dI COD:TKN 1Al 40:1 11039101
$A31@2U COD :TKN 11y 50:1 TSmmeansdunsdgeniisasiaiu 40:1 oniuluds
Ufnsail 1 HRT 2.5 1 OLR 4.27 kg SCOD/m’.d NEATIMIHAANMFFININ V0I8AT 1A

a

COD:TKN iy 50:1 anadiilosnimBnamsdunidgaiu  uddmsuiisandiu 401
OLR 3.06 kg SCOD/m’.d szundananmaiinnifetilsz@niam flesaind1 OLR dioy
Tugasfiqaunsdvennsasuls

#5AT1@IU COD:TKN Wi 40:1 WU HRT 10 31 OLR 0.76, 039 1ay
0.19 kg SCOD/m’.d T¥pvazmsnanmaiimuTaomasmiiy 67.93 +0.96, 70.52 + 1.27 uaz
68.60 = 1.50 @GN i HRT 5 1 OLR 1.53, 0.77 1Az 0.38 kg SCOD/m’.d ii¥oeaznskan
SrafinuTaomamiagy 66.58 = 0.73, 69.93 £ 0.93 1Az 70.60 + 0.72 MUSIA Wazh HRT 2.5
JU OLR 3.06, 1.54 11a 0.77 kg SCOD/m’.d U5p8aznsnan BasiimuTaemasymy 63.15 +
0.98, 67.86 + 2.50 Uz 73.92 + 4.89 awday samwlszneuii 4.23 Tasnmsaudesayms
HARETIMUATA1IYAIRSATIAIN COD:TKN Wiy 50:1(mwmalsenouii 4.24) uag 40:1
a1 lduanarenuedeflivodan

MINHAVDL BATINITHAARIFTIMNATN1IZAIRIVDIEATIEIN  COD:TKN
Wiy 50:1 Tagendifisasidan 4o:1 uaseliamnsoaglldnfisandi so:1

'
1A

@ U ~ A A A o v = a =4 o 1
AT IUNAUITTUNFALUBDINNNDAITITIU 50:1 uﬂ‘%mmmieumﬂqumwmmu 40:1

= I Y %) = A 1A ¥ v a o = Ad = Y A @
mmwa“lwllﬂ ‘]J%iJWﬂ!ﬂW“]f‘]f’Jﬂ?W“l/lgﬁﬂ’N BNTNIBDYASNITNAANTIFUINUND Nﬂ?iﬂﬁlﬂﬂ\iﬂu
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v v a

Y 1 a a o a o
AIUUNMTNITNIOAT TN AN TUITNVITUININ HARAANIFTINTNLAZHANAANS

=
UINU



57

CH, composition in biogas (%)
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Reactor2 OLR 0.77 kg sCOD/m>d
Reactor 3 OLR 0.38 kg sCOD/m>d

HRT2.5d
Reactor 1 OLR 3.06 kg sCOD/m>.d
Reactor2 OLR 1.54 kg sCOD/m>.d

Reactor 3 OLR 0.77kg sCOD/m?.d
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4.4.11.2 niSsuieunananmatimneaz Msiimiuludesfiamsiunqug vaz

v
W A

WAma SR NIV UNITZUIUNTHITD

o

A a = a o = 2 = Y a oA o 1
!N@Wﬁ]’lﬁﬂﬂﬂﬁﬂﬂlﬂﬂ’ﬂWﬁWaﬁﬂ'lG]fGIf'JﬂWWLLagﬂ']“])'ﬂJWIHiU‘H@Q‘]J{]UﬂﬂWﬁﬂUﬂ']

= a o ~ A a dy a o =
NNNHHY HANAANGTINTNNNAYY 0.5 L biogaS/g J HASHAAMFUINY  0.35

Tcopfgnhiia’l

° a o 1Y {
L € rcop famiialy (McCarty, 1964) TaguamsmuiaHanann sy imuas Matimuin

ANIZANAINADATZIZLIAINTNAQDULTAIAINT NN 4.4 c?iqmmmﬁmm"lﬁ%ﬂ

NANAANITBININ Lo - Biogas production (L/d)
Escop figniiia [SCOD,,~SCOD,; (g/L)] x Q (L/d)
Methane production (L/d)
a o ~ LMethane
NARAADIBUINY _ =

[SCOD, ~SCOD,; (¢/L)] x Q (L/d)

1
8scop fignihiia
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a g 4 o ’o} ng 4 [} y Y
A5 4.4 MFINABTAN 9 NFNNILAIAIVBIUININOBNINTSUUHNNN COD:TKN 11101

50:1
iag 40:1
50:1
Reactor OLR Biogas yield Methane
VFA
(Kg (L/gSCODremoved | (L/gSCODremoved pH VFA/Alk
3 (mg/LCH,COOH)
SCOD/m’.d) ) )

1 1.07 0.56 + 0.004 0.37 £ 0.006 6.83 £0.16 325.00 +£22.91 0.42 £0.02
2.14 0.61 +0.034 0.40 +0.027 6.89£0.13 283.33 £ 125.83 0.40+£0.18
4.27 0.11 £0.004 0.05 £ 0.009 5.39 £0.06 1216.67 = 28.87 4.16 +£0.29

2 0.53 0.48 +0.020 0.33+0.014 6.86 £0.17 275.00 £+ 108.51 0.39+0.14
1.07 0.64 £ 0.047 0.44 +0.028 6.87£0.16 283.33 £ 158.77 0.38 +£0.20
2.14 0.70 £0.017 0.46 +0.016 6.57 £0.11 310.00 + 36.06 0.54 +0.06

3 0.26 0.43 £0.005 0.30 & 0.009 6.84 +£0.29 191.67 £ 52.04 0.27 £0.05
0.53 0.59 +0.050 0.42 +£0.032 6.81 £0.22 256.67 £ 146.40 0.36 +0.14
1.06 0.64 =0.028 0.47 £0.032 6.55+0.10 232.67 +30.02 0.41 £0.08

40:1

1 0.76 0.75+0.143 0.51+0.093 6.97 +£0.22 370.00 + 54.67 0.44 £0.07
1.53 0.70 +0.061 0.47 £0.036 6.69 +0.10 375.00 = 75.00 0.48 £0.11
3.06 0.57 £0.029 0.36 £0.023 6.69 £ 0.42 608.33 +£225.46 1.18 £0.60

2 0.39 0.69 £0.199 0.48 £0.136 6.96 +£0.15 446.33 +243.00 0.58 £0.30
0.77 0.70 £0.170 0.49 £0.116 6.67 +0.08 400.00 +43.30 0.74 £ 0.22
1.54 0.72 £0.031 0.49 £0.025 6.67 £0.57 483.33 +£128.29 1.17+£0.30

3 0.19 0.60 £0.016 0.41+0.017 6.96 +0.15 373.67 +£183.18 0.54+£0.12
0.38 0.75 £ 0.203 0.53 £0.139 6.71 £0.21 368.67 + 135.72 0.62 £0.19
0.77 0.63 +0.150 0.46 +0.093 6.67 £ 0.66 500.00 + 125.00 1.26 £0.22
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A A A 49! a o =)
iﬂﬂﬂﬂ/‘lﬂizﬂﬂll‘ﬂ 4.25-4.26 NUIUUD OLR IWHVUNANAANIHEBINTNLDS

a o = A 2 9 Y 3 ~ a o A a
HANAANIFUNUNNVURAIY INLIUN OLR 4.27 kg SCOD/m".d NAANAANTIEBINTNLDSHANDR

A A

") = A v A v = a ~ Y 1
NIFUNUAAAUUDNIINTSUUNRUNLTUANLIND Iﬂf]ll'ﬁ'lﬂ’ii{]lﬂﬁnﬂﬂ%ll'lmi}ﬁu‘ﬂiﬂ‘ﬂ HUBDYNI

a A S Yy Y 1 R o A Aa 9 o o ~ Y
miaumﬂwﬂaumqimu PFIDUNVTULAITSUUNUNLUY CSTR AI55U OLR NgR ulﬂ LYU

v
=

INUIVYYBY Cail and Barford (1985) ﬁﬁﬂmizuuwﬁ’ﬂ‘l%’mmmmu Semi-continuous N
anedi lelan guugll 35 essuwalea HRT 5.6 Tuamnsnsu OLR lagede 12.6 kg
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Tosan Tl 19121850 4AT12H (Analytical Reagent (A.R.)) HANuuvy 99 uloiidud
1 9 1
¥ lga I 0.404 n5y mldviadsvdSuesvina 1 aas lahnauilsy
5aslila 1 ang
4. n3adaili3n (H,80,) 0.1 Tua/ang
o A A Aq ¥ g a 7 . a Yy 9
nsaganIIn (H,80,) nwilwnsadnsizv (Analytical Reagent (A.R.)) ¥ANMINUY
S I 4
96 11lo51FuA
Unlansadarlian (H,50,) 5.55 Waaaas mldvialivilsmasvina 1 ans
Y v
lsinaudsulsuasila 1 ang
ada d
ST RIGERTAY
1. %9610619 0.1000 NTY AIVIATOIFINATIOY 4 SN
1 @ 1 = s a 3 < A aa
2. p1edI081aIlnnes wuthndulsena 50 Jaaans vieaTus u'lnue
Aa a 'l Y o Y I Y v al Aa a =
augaudAmes 5 - 7 nea uah Inilunsadisasazarensasailisn 0.1 Twa/ans lagd
A I a A v = Aq ¥
veoamsazangazlasuiluamaes vunndSuaaisazanensanly
) I 4 a
3. msazaneldidlunandireasazare Tsdeu laasonlsa 0.05 Tua/ans
peesziase v ldmsazanedihas lulidden uedme TuiiniSunudisazaroanain 1y
° IL A ) A aa ) ' Y] A wa 1 oA v g
4. iwwasn Tasldtinau 50 Hadans unudledauariamu@sinude 2
a a 4 [ I 1 1 { a o
uaz 3 Taslddudamos Usuanuilunia - a1 nounzduasazats IReules lo Towmea
I'4 g‘; Aa aa 1
5. 1 nlagaarsazare Tndeules loTomaniniag 50 Jadans laaslu
3 [} 4 = 14 Y a 9 a A 9 1 Aa A
150 0AI0I AT AINUNIITNIND 119 1aITAAI8NTZINUIRNNINT O TsuR LD ITiaw
a Y A y 2 AA A a g 1 a = <3 = v
Yaliaiin asna3lu hilanguugivies (himu 35 esradea) iWunat 30 Wi nawn
g’; a = Aa aa 1 4 g‘.: ay 1~ ~ a
uuanmsazaedmula-oea 10 dadaas unisdinneding udrnsng iniiangungiives

I ~
Wunan 20 wn
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a 3 o = a

a a H J A a 1 @
6. W@NUINAUIUTTIATIIN 300 Uadans (Wnaui@y wny 300 —
3 @ A aa e A aa
@Smanihindu 50 Haaans + S5 ls@eunlesa 50 Tadans + USnadmulaeea 10
Aa aa v a A a o a o
Haaans + aaa. FanI3n 0.1 Twa/aas + aaa. lx@eylaasonlysd 0.05 Tua/aas)) 1l

Tnmsa fuensazaneuasgiuTmdonleason’led  (0.125 Tua/dns) nea Tus Tu'lnueauy

a 9 o K

a a 4 = A 3 Ay A =
DUALANDT 5 - 7 A gansazagazdaguiluaniuensgeed ualiunndsuasarsazane

q q

= g Y a d Y = = Aa aa
1]’]@3;?11!1“]5&@61]”1gﬂﬁ@ﬂllc]fﬂﬂcl“]fﬂ']ﬂﬂjliﬁ Glfﬁﬁglﬂﬂﬂﬂ\‘] 0.01 waaang

o 1 & o v v P 3 v g A
N 1’?1ﬂﬁ'Jf)EJNUJHGUfJ\‘lL!GINﬂW%ﬁﬂQﬁlﬁﬂJWNiﬂulﬁﬂuﬂﬂ Gluélluﬁf)uﬂ 2

A Y a dé’
e lvinansazaieauu
ad o

HATUHIU

E4
Pinundmesea Sesazvenimin = 9.209 x N(T, - T,)

W

A A y 9 a IR 1w
V1G] N 99 ﬂ'J']llLGU3Jﬂlumﬂﬂﬁ]ﬁﬂ&’ﬁ]mﬂ@]ﬁﬂTu}‘]ﬂﬂﬂuulaﬂiﬂﬂ"l"’b'ﬂch'ﬂl‘ﬂ']ﬂﬂ 0.125 Tl]ﬂ/

T, Ao YSinasvesmsazaemasgu Txdenlaasen ledn 14 Inmsanudiethailu

A ¥ @ @ ] A o a J 3 @
W 19 HIHUNU09IA08 NN AN 1Y U5y

¢ b 4 d
2. nﬁ?ym51zﬂﬂ‘%mmme’ﬁmﬂ?mmaﬂmws (Karl Fischer Coulometer)

7N152neVN V-1 Karl Fischer Coulometer
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A A
R ERNEVG)
Karl Fischer Coulometer 8%® Mettler Toledo ’g" U DL39
asninlFumsdnanzy
WNUBAANMTNTU 99.5 %
= [y 1 a d
NIAIYNAIINIVNYNNUATNIFIUAIICNH
= Y ] =1 4 %’ a Y A % ] Yy
ﬂiﬂ!ﬁﬁ@n@EJN?JE’NﬂTJS%ﬂ’E)?J“’IJE’NHHﬂu 5 % w/w ADRDINAITNIDYINAY
Y g Y ' A A a S ¥ [l o
UNIUDA “lwmﬂ?mmmu@ﬂmw 5 %w/w mmﬂ1ﬂmimmmsmmi1w"lmmum‘lums
% 1 d'd %’ 9 % ] d' o a 4 = < [
AIDYINNY ﬂ‘%mmumaﬂmm Lm%ﬁ'"ﬁ@n@EJN‘WLH?J17]&?’1313ﬁﬂ33ﬂﬂ1ﬂ31ulﬂuﬂﬁﬂ- AN (pH)

Tuga9 5-7 gagavesns Inmsaveunsesdeazlimaedfiuiuey  (Hach Company, 2007)

e

Jdou A

v g o a o AAan a
waanuuh s I ansgd Taelidsmsinsgiacll
) 4 ) J {1 X o {1
1. Wansesmailywes nafily Run wil1999zuf111 Method taznaiijy
= o ¥ A . . Yy a3
Run 80 A341a8111A309 Pretitration 1¥1a39
A ~ Y Y [] g‘/ A ' ?.’, =< A
2. gseaningnvitnee Iveg lunuaaawseuuavey  (, ) MUUDITUNS
a 0 Y
ANTIZN 1A
' . A & 1 . Y 1 1 A ¥ a J
3. MW i 1NBIFAAT Capacity (817191091 500 As1lasuheaalasases)
Y
] o 1 9 1
4. na1ju Run 923191 Sample 1¥nailu F3
iy o 2
5. nAN1jy OK $1491 2 A543 81
v a . ) 5 a v
6. ANNTTUBNNAYY (Syringe) AIYINNIUBA UATNAINTLVONNABIAIYAT
3 1 ~ a 4
A7981911131 9LUATILH

' @ 1 o <
7. Glﬁﬁ']ﬁﬂ'l@ﬂW\?Gluﬂﬁgﬂﬂﬂaﬂﬂ'llﬁﬂ'm’i 5 ml LLaﬁ“ﬁUﬂaTﬂlﬂluﬁﬂﬂﬂﬁgﬁ’nH

=)
=
e

a d’ @ o '
8. 11laAT 0 4 A
v Y
9. FININTLUBNAAGT LAZNALN Tare
) =~ =) 9 A a 14 % 1
10. inszuenaan lRar s osnallnwes Insnoaasdlodialsyuim 2-
3 1109
! A q9 A Y o 2 g A A4 4 A
11. natju OK e 13 o1 Inmsa wdewinszueniao ludanins o e
¥ o a 2 g 9y Y A A a 14
va hminfime 1) Fuiludminvesasiismeaaslunsosmailaes
4 A ¢ X , w ! /2 H
12. wseamaimwoivzvuld ldimiin uaznaiu oK vz ldnlesidudve i

luas avea
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Aa P Y99 o A a P A Yo A
13. st nznateas  lindu lusuanszinde 9 1k we lds1uusn
v a Sq Y ' A ' = VoA
131 A0INI AN Tnally X egAlndsuasANlsaUNINTIY (SD)
a o’soj ;”, 1 .. .
14. au%’au“amiamﬁzwmnﬂmﬂﬂﬂﬂﬂﬂn Result Lm%&ﬁﬂﬂ Statistics series
nA1JN OK 1azu Yes
15. Ueun3oeTaona)u Run auao1)u Reset
~ A % ] P 9 o a J ¥
#+% N5RIPVNAITAIDYNAUUNIUDD AN INTAATIEHUTU I Ty
d' 9 I v A d‘ 9 o %I d‘ Y a % ]
m-uean iy aavesa el lumsmuradsuaihnuneseluaisaloss
o P ¥ o A A o 1w
gasmsmuiaoddgudvea luasaIeg19nI dlileINaITAIBE NAIINIUDE
Mvualv A 5masveamsdiegan 1y lums@eas
B 15masvoaumueanlelumsitons
C 5110559 (8150298719 + 1IN 1UDD)
P ¥ o 1 A A v
D 1osiuavoatil lua1saneg19NEI LN 99199 28N IU0A
P 3
E nosisuaveoatilumnivea
%’ g’/ o [ A A 9
- 113119559 U091NIHUA TUAITAI9E19NHIUNTIADV A IUUNIUOA
(D/100)x (C)=F
Y
-vfswesinluwniuea
(E/100)x (B)=G 82
y o
-vfsuasvesiuamizluasaieens
F-G=H

i esiFudvoati Ceww) lua1s@ioe1a = (H/ A) x 100

3. manazHdSinand (Ash) lupdisesoa
ﬁ%fﬁ%ﬂﬂﬂig 1 International Union of Pure and Applied Chemistry, 1980

a A qoa ¢ @ v a £ o
NAUAU Gl"]f')l,ﬂi']gWf]\jﬂﬂigﬂ'ﬂll"ll@\uﬂ’lcluﬂa!m@i@a%3ﬂ1ﬂ15m@a@ﬂ I@U

a =<

A = a A =
mimmqmﬁﬂngm 750 D3R QLT T Iﬂﬂﬁﬁﬂuﬂiﬂiuﬂﬁ!%@iﬂaﬂggﬂ Lm"lwﬂ'"lﬂ%u nua

U

A =~ Yy = a A A dyd A a A A 19 1 A .
IHADIWYILDN Gl)'\‘m'ﬁ’é)uﬂiﬂ‘i/]ﬁwhlﬂuﬂ o miaumw”lﬂ%ﬂamm@a (Matter Organic Non-

Glycerol ; MONG) 1184 )Hautfenne, (1980
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=

ad a d‘v
IBNIFTAUAINTHUNAIU

a

1. hagdda (Crucible)  iuaum Tagldanudoungung 750 eem

U U

'
= ]

= I = ' dy A Aaa 9 Ao T
ratwed 1Uuna1 10 wIn LWE]"laﬂamslmmlﬂﬂiUﬂimluaﬂﬂﬂiﬂﬂuﬂ IDIUPUNYNAINIT 100

ARG
o Aa A U a 4 . Y a aAaa &
2. ihngdida 1l ldluedniames (Dessicator) 5017 guunlivesngsiabuas
= a 9
049 gUHNNDY
<O ?,’ Y] a A 9 d‘ @ o ] 1 9
3. sahminagmiadons 0w 4 duriuazeaa 13

4. lamsmoednszum 1050 luagdidalaeldinsoss 4 dwmiazon

a'ly
o a a Y = g A a = I
5. WUIAZFUALVUAUNTBNAI Tﬂmwmqmwgu 750 DAL ALY YT e 6
P REIN
a :1 U = o Aa Aa 1 a 4
6. TPIURUVHUATINI 100 D3R DLs Y uazumgmma"lﬂiﬁiummnmmm
a Aaa o a o o 4 o
(Dessicator) 70 1#guirigiivesngiiaduasdigumgiivos nazihlididions o 4

Muma niouaam
o d & d kY Y} v
gasmsannaesifuaveadluasiedia

Mviuald M, IAVOIAIFITA (Crucible); NTU

M, WIaveIA3HILA (Crucible) 3N IE; NS
. N28v83A3Fa (Crucible) SINAUNALEDIDANDUIN; DTN

9
v v

s wefifudueudi (%eww) Tuansdege = (M, —M,) x100 (M, — M, )

ANsENoUN ¥-2 dnBAZU0UR (Ash) N1dNMsINAyeToa
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a ¢ A

4. msnnafSnaanssunsgnlilynaisesea (MONG)
8351193 31U International Union of Pure and Applied Chemistry, 1980

a dy ya o 4 a A oA 1 T A
MUY Gl“]f'J!ﬂﬁW%ﬁ@\iﬂ‘]Ji%ﬂ@‘]JGUfNﬁTiﬂuﬂiﬂﬂqui%ﬂﬁlcﬁﬂﬁﬂa Iﬂﬂiuﬂ'lﬁq%fﬂﬁﬂﬁﬁu

. =) Y o Y J 3 J

Matter Organic Non-Glycerol ¥159 MONG anson la laemsi 100 auAlelesiFuaves

2 ' = Aa N Y 1 = 3 v
09nlsenoVveIaITA N Gluﬂm%f)if]ﬁ‘ﬂ’)mim‘l”illﬂ WU NAYDIDR WU Lazin1  (Hautfenne,
1980)

o a P ] (=Y Y] ]
gasmsminalSinaasounidn lilsndimesea (MONG) Tuaisalee

Y d 3 4 = @ 1
myuali X wosiFuaveinaesea lua1saied1 (Yow/w)
Y esiFudveud 1uasdee1e (Yew/w)
L 4 g o 1
z WosiFuaveai lua1saiee1a (Yew/w)
y 2 72 o o
AU 11/o51FUAVEI MONG (Y%ew/w) luaisaing1s —100-(X+Y+2)

5. 4lof (Chemical Oxygen Demand: COD)

a 4 (=Y A ] a E4 9 a A
ﬂ’lﬁfllﬂi’lg?‘f?f'lﬂv‘lfiﬁ]@ lﬂuﬂ’lﬁ'Jlﬂi’lgﬂﬂ'lﬂ?ll'lmﬂ'ﬂﬂﬁﬂﬁﬂ15'€]'€]ﬂ“mi]uw‘l'€]
4

EY ] a P ] ] g 1 ]
1¥lunsdosaarearsouviseniedluiinge M3goeIsHILUANAIINMTEBELUUT 199 AD

U

a ¢ o A d o a P Y '
Tumsinsizdii Ted arnazitludidesveudenisarsounis luinaouuaiise ualums

a sASs A o A o ' a A gA & g 9K = A A
A id Tod Aanvgrhimsdesaaedsounsdne asal Feasnlinldlunmsaneiniine
v 3 a ) 4 °
TamdoulaTaswa (K,Cr,0,) Wuasoend ladduonua (Oxidizing agent) J61119Tums
a 4 a v a Aa Y Y A 9 = I ] ]
p0nT ladiga msannsadga s mudu e ldasazaeiianmilunsauazssdesaaiy
a A J o ] 9 9 o A = v J ~
msounsd ih lldesdrennuioudeisonnSvdnd (Reflux) Tovosmssziooanuiazgn
ldauiuannduasldlunsuziussy luszivessn luneuen
A4 A <
inJesilonazglnsal
d’ =} % v A
1. gawnsoslomsnauuuy lvanduau
2. i 1dnnudou (Heaters)
=
CRRTLYY
Ia o
1. wesAlasama (HgsO,)
v A Yy 9
2. msazaemasg i lddmdonlalaswn  (K,Cr,0.) anududu 0.0417

a =

Tua/dns wiowTaveuueTdm@on lalnswafiguvgil 103 ssruadoa Wunar 2 %2 Tu

QU

o Y3 a 14 Y [ %‘ 3 = I a
nneldduluadiames uaseas 12.259 nsu azareluiinau wenudu 1 ans
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3. nsadail Bty (1,80, Wudaneidama (Ag,50,) asli 22 nfu se
nsaganiin 2.65 ans (UnAnsadaiainuunaussguin 9 Yeud whfiy 2.65 4ns) MIAuda
neidanla iedludaisalfazen (Catalyst

4. asazanole 130U BuAAeS (Ferroin indicator solution) azan® 1, 10 —
HuvuTnsauluTulamsa (1, 10- phenanthroline monohydrate (C,HN,H,0)] 1.485 N5 t1az
lodoou (1) Falmeudlamia (Feso, 7H,0) 0.695 niu lwhnduudasenadu 100

anans

fg)]

5. asazaenaIg Uy Iudismoiadama (Fe(NH,),(SO,), 6H,0) #30u

= = v v o 3 v A v A Aa Y 9
TﬂEJGINNaﬂllﬂNIﬂJluﬂNLwﬂiﬁcﬁalwg} 98 NIV aga'lflsluu’]ﬂﬁu Lﬁﬂﬂiﬂ%aﬂﬁiﬂ!mmﬂlu 20

fg)]

an Y Yy A I a dy 9y v ?,’,
anang mﬂwmiazma ‘i’f]clﬁl,flu Lﬁ]@ﬂ'NlﬂJu 1 8035 §193a2219UITADINIANNUINTFTIUNNATY

Y
14 aatl

=2

9 v
hasaza1e K,Cr,0, 0.0147 Tua/ans Usuias 10 aaaas @earmetinau

A aa a v a Aa Aa aa 2 Yy A A =
ﬂigll'lm 90 waaansg Lﬁuﬂiﬂ%aﬂﬂiﬂ 30 yaaansg T]Qlllﬂﬁlﬂualuﬂll@ 5 UIN reaaITasaYy

=

A a a o 0 a o { Y I
L‘V\I’E]Ii’t’]u DUALABDT 2-3 YA u'lllﬂﬁmﬁﬁﬁ]uﬂizV]Qﬁ'liﬁgﬁ'lﬂlﬂaﬂu%’lﬂ%@ﬂ’)!mﬂﬂ’l Lﬂuﬁ

P
A o Yo A

¥ < 1 Y 9 ~ o
mmaumvﬂmm Fﬂ‘L!’Jﬂ!ﬁWﬂWﬂ31111,‘1]Nﬂluﬂlﬂﬂﬁﬁﬁz%ﬂﬂumﬂmu&mL‘V\l’t)'iﬁ“]fﬁlﬂﬂulﬂﬂﬂu

a

anuutu (Tua/ans) = Naaans vealddamdenlalasma x 0.0417 x 6

Yanans vosasazareuey Tudeumesaxamle

ada d
IBAUAIITH

'
v a

1. 1vaandauvina 250 iadans

2. Hameiadrdanla (Hgso,) Uszina 0.4 n3u laasluwanau

3. alasedharhladaslal 20 fadans (Wieduvesdies el 20
fiaaanT) Mavhuwass (Blank) hlneu mniiesa Tasldmsmiimu@oasums
Seidodauanmanseilsnnsuumuiiet

4. YulemsazaneTddmdenlalnswa 0.0417 Tua/ans YSuas 10 Jaaans
Tagnuda 4-5 e iesael¥msdeaauysal

5. hwamsfiason3lude 4 lusedhiuaeuaumesvesginsalivdns
Alavhuaeidu Hestululasiduszmosnn l11d dammalsznoud v.3

6. Aiowr) RunsaFaTl i nduduFdidaneidamaogud  1adlil 30 Gaddas

a 1 g a ~ 9y A 9 Y a Y v
Iﬂﬂ!@]llw’]uﬂ@ulﬂlﬂ;cﬁai vy U Lﬂaﬂﬂﬂazuﬂﬂﬂ lWavluiﬁlﬂﬂﬂj’lllﬁﬂuﬂﬂslummgl‘ﬂﬂﬁﬂ



a a 1 v < < %’
7. @lanianudou duawdeadaaenuilunar 2 sy, 193 1Mou 14
oy s A ] Ay ' Pl <
naudadauaue e Iiasnaeglunowawsosas il luaianau

Y y a aa a a a

8. Woandeinau 1 ldUsuasdszana 140 Haaaas veale Tsdud U

I’d o 9 =1 [ [ < a
w3 2-3 noa 111 Tnmsadremsazaromas giuuey Tuiisulesagama aunsznigagd

! < 3
nlasunna@ewnuih Sudihaaduag

Mwilsznoun ¥-3 Miszneuganau COD 1LY Open Reflux

MIAIUIN

%109 (COD) (mg/l)= (a-b) x C x8,000

Suasdregranly

A A aa = v W Aq Yo 4
53] a=UaaanTg GUf)\?ﬁ']'iﬁ$a']ﬂ!l@llillluﬂﬂlﬂ@iﬁmalﬂ@]ﬂi%ﬂuuﬂaﬂﬂ

6. anMuaA1 (Alkalinity) 1az n5ATENE (Volatile fatty acid)
3 1 2 A 1 = o A o Y
anuuanveni asanuamnsaveuihlumsnezsuTlsaon s 14
a & 1 3 . s - ¢ N s
maanuiluavenui 1dun wan'luamsvewa (HCO” aSvea (co,”) uazleasenlya
- a 4 3 1 ¥ o ! @
(OH) M3 zianuiluavenil Tasiiun lnmsadensafiuanda 1 lsaougs

A A ¢
!ﬂiﬂﬁuﬂ!!ﬁgfgﬂﬂim
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A @ I 1
1. 11350939 UATA-A19 (pH meter)
Y
2. DAsAUUIA 50 Haaans 1azuaitingnedNas 2 ou
3. 191 19¥1 (Hot plate)
4 1 <3
4. 13090 uiman i (Magnetic stirrer)
5. fintne3vina 200 Hadans
=
asndl
o 4
1. asazangtivwes pH 7.00
o 4
2. sazareliviiwes pH 4.00
3. AsazatenIaganain (H,80,) ludu 0.5 M
4
4. ensazane Tyaow laason led (NaOH) 193U 0.5 M
ax a d
AIBMTIATIZH
%,‘ v 1 A aa (= 4 2 d’ A o d‘
1. 291d29619 50 Haaans ladnmneine 2 1y (Manazneunseth lUimies
Sumwzaiula)
[ 4 [ @ 14
2. YSunseeda pH measazaneiwives pH 7.00 uaz 4.00
2
3. 39 pH Y03962981911
Y 1 v a a Y A [ I
4. lnmsadledansazateniadanisnuiasgiu Tasldnseunimanniu
=~ aq ¥ 9 ' <
aanAna 3LTMATNTAN pH 4.0 auudld = A udd Inmsasesu pH Iu 3.0
Y g YA ~ y & yva A Ay
5. auldifoanng Uszuna 3 wiit nimiune 1 Reungungiives
o kY = 14 )
6. i lnmsadeasazarsTmaonleason lodon  pH 11w 4.0 Tasnu
Y o ! =3 ] ~q Y
AADAAT LAININT INNTARDIN pH 4.0 IUDI pH 7.0 9951asa1en 1 lums 1 nnsaan

pH 4.0 U4 7.0 auudld = B

MSATUINU

9
ANWANMIKNA (mg/L CaCO,) = A x Tumsmaqmiazmammgm H,S0, x 50% 1,000

a aa aol v '
UADAANT YDIUINIDYN

NIATLMBANY (mg/L CH,COOH) = B x THa13AYDIe1502a181193§11 NaOH x 50x 1,000

Y ]
HananI V09U 1INI0814
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7. VoMUYV IUa0Y (Suspended solid: SS)
< a8 = A A & ) ~
ﬂummﬂu‘wuwmam lﬁiﬂﬂ‘l?ﬂﬁ1’1L‘Viﬁ@tﬂuﬁ%ﬂ’GUﬁa\‘lﬂ?ﬂ‘ﬂiglﬁﬂﬂ@ﬂqﬂ
o F 1 d’l a a =4 a A A ] %,’ =
uaz‘wﬂmmﬂ mﬂaummumﬂmﬂmi@umauaz@uumﬂﬂazmmmzumuaaaagiuuw SN
= [ I < I Y
uwawgﬂuuu LB VDIULUVNLUYIUADY UDILLUNAS Y L']J‘Ll@]u
A A ¢
ineadauazalnIal
9 A A o
1. NIWYNTB 'Eﬂi]’ﬂgclslfﬂilf]ﬂﬁ@ﬂu‘]_lﬂ%Liﬂﬁi'ﬁ)ﬂﬁ’JfJ‘]_JG]fLU'E)i (Buchner funnel)
2. ﬂ’i&’ﬂ”lyﬂi’t]ﬂﬂufg]j’lsllu”lﬂ 7 %1. (Glass microfiber filter, Whatman GF/C)
a 1 4
3. NTSINUIWN (Watch glass) GUHWQL&}HW'IuﬂuEJﬂa'N 7 HU.
4. 1AT0INTOIYYINA

a

5. qouNAIuANgUUN IdN 103-105 °C

U

a [J

6. INS0IFIALIDEANALIY 4 AU
2
7. Tagannuau
ada d
IBINT
° ¥ ' < ¥
1. v nszaniod (GF/C) Feeuunanaziaseldmaunlilulogannuiu
] Eol o o Y o = g < Y
2. FminnTEAILnIed (A, nsu) udrhliwunsienses aavinauld
o o A
nszamitlon WansoansoagyaIma
g (Z 1 Y A Aan 1
3. 1911198 19A8NTLUINANNYITNIAT 100 Uaaans (MAIUNTLATHNT B
AUNTENITTNNT I
a d‘ I A
4. UanT09n509 1 FANATNTEAIBNTDIBONIINNTITNTOI 1UUNTLIN
a o 1 a I o
wiinmileulddeunguugi 103-105 °C iflunar 1 91 Tug
o < e
5. h lnaldanlulogannuiu
] d' 9 [
6. FINTzAIHNIBINNIBAlA (B, nW)
° 2 Y o 1 AyyY ' A
7. ¥MIMINAABIH AN IaAuRae
MSATUIN

UTNUAITUVIUA0Y (mg/L) =  (B-A) x 1000 x 1000

102007 V999210819
Y

MUNNTEATHATOL (ATN)

d‘ o

o A=1U
%7/ 9 901 v o

B = UHUNNTZATHNTON + UIHUNATUUIUADY (PTN)
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¢ b
8. 19aA11a 1A UNYINA (Total Kjeldhal nitrogen: TKN)
a s a 'l ]
msaaszilsina lulasau Ansed ldnanegduuy wu vew Tuile-
o A P % P
TuTasu, eesuniialulaswu uazwanialulasnu Fuvanrialulaswu AsafSuna
I'4 a ] 4 [
wowTuidle TuTasmuuazeeiunia luTaswusiunu wazgluuudug vodlulasnuldun Tu
Tas-TuTasu NO™) Twase-TuTasmu (NOY)
A oA ¢
in309Nauazglnyal
< 4 a aa
1. ganauanIna (Kjeldnal flask) Y119 800 Hadans
tzy v d
2. ﬂﬁzyﬂmgﬁaﬂamuﬂmuau (Connecting bulb)
3. ADUIAUIYOSFTIANTI
4. va31unvnia 250 Naaans
=
ARG EY
1. A15aza18nIAUeIn (Boric acid, H,BO,) 2% 381 1Asaza1onIauean 20
Y] % < Y A I a
a5y lwihnauuaeanuilu 1 ans
a Ja a J a a a I'd
2. ANFAEAUNTOUAANDT (0T8N IagazalemNalTAdUAIAMDS 200 Un. Tu
a J a aa a a J
PNALoanvaad (95%) 100 Jadans tazazaramfiaauug 100 un. lueniausaneaoa (95%)
Y Y )
50 adans udwavaITaza1eNIEDIIReNY a1sazatolinsasounng ey evioaad
Tuesazarensauoinae laasazalediie uazivey Tudlsnduoeninluamsazaloniauo
a 9 a A
s ldasazanedmen
3. @15aza1ed 1S UMIgoaaaie (Digest solution) t@5an lagazats TUadew
Y 1Y ’.f < a Aaa a v A Yy 9 a Aaa =
Faa (K,S0,) 134 n5u Tuihnau 650 dadans wunsadgansnidudu 200 Jaaans aslli
Y 9 o = Ia A 4 .
az1lo89 IAITATAUNINUHNA [T oNAITAzANBIAIT00n l¥A  (11A9) (Mercury (IT) oxide
(red). H,0)) 2 niu azaelunsadadl 250 3 Tua/das USuas 50 Haaans vhldaulu
% o A A [ < 3 a
msazare lldmFeusamaneiou Hasudulddnsuy na 3 lvsundadenaiu 1 ans
v al A a = A
4. Asaza1eNIAIIUNIATaNIEn (H,80,) 0.01 Tua/das wisulagmoa
v A Aa a Aa Aana Y A < a o
nsaganagn 0.5 Tua/ans YSunas 20 Hadaas uaraenailu 1 8as hasazaenInIgu
v A Aa { 1 [ J
nsagarinimson 18 llmawasgiuiuaisazarnnasg Isdeu leasonleq 0.01 Tua

ans



4 a a 4 J
5. myazasiusdmaududames wssu Tasazarsilusannaula
~ ) ¥ < 9 A I a A ~ I ~ o
Ta@en 5 nsu lwihnauudveaadly 1 205 ¥i30 azareNuoanmay 5 5y lu
a 4 A 9 ?,' o A I a
(NALDANDIDA 95% 1DINAYUINAUIDNWY 1 AaT
4 Y
6. mgazae Tsaen laason lea- Tla@eu 15 Toxama TasazareTmaeulaas
4 [} Y [ %‘ 3
on-laa 500 nSu wag Tadow'ls Tedamla (Na,S,0,. 5H,0) 25 nSu lurhnauuddonsale
g < < a
Wnaudlu 1 ans
ada J
IBIAIILH
9 g Y ] A aa A 1 o 1 A A Y
1. l91311a511a79819 300 Uaaans ¥IeaIUVDIAIBE19ND LAY
A aa U 4 a o [ 1 . .
300 Haaans laluviama- avia wudisazated msumseeeaals  (Digest solution) 50
A aa [ < o 1 -t 1 [ o
tanans lagauda 5-6 i whamildesaareludaiu aunsensldarsazarela nin
) ' Y a ' A A A aa [l ] < 9
msazaedylule IMauasgosaaromudn 20 iaaans dosaaene launsznald
1 < a g < A aa
msazanela Iddaeaduduiinauaslyl 300 Haaans
) I 1 4 4 a
2. mldiluan Tasneadusanmavasluviamanvia ududnaisazan o
4 Y Aa aa [ 4
Twdeulaasonlyd- Ta@enlslodama Uszunar 50 Haaaas dunaduesiueanmauay
I ) ' { 3 A M { 2
Wudauy rde lindeuiudsuyldiduas lfagdosq aunsenaulaswdludruwdy
v v Y
3. Suaonnuganauiui Yeanulilt levesasszmeld da'lovesansi u
=} = Y
2199z uuey TuiieponuIale
v o 1 [l ' rd A
4. nauaiosa Tagliauuiuiuauausas tuuasiadluaIsazaieuesn
v Y v
anseni ladsazaenanug 200 Jaaans aanwlszneun U-4
o ~ ) 9 a Ia A 4 o Yy
5. ihmsazanennauld vealindoudames  2-3 wea 11l ninsade

AIazABNIAITIUNIATANIIN 0.01 M
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A < 7
ﬂW‘l‘]Ji%ﬂE]‘U‘ﬂ V-4 ﬂﬁﬂi%ﬂ@ﬂ‘gﬂﬂaul%aﬂTWa

NMIATUIN

P ¥
mamﬁa"luimnmmwm (mg/L) = (A-B) x 1000 x M x 28

¥ " deu &
Haaans vouiwiedanldnau
o 4

o A =iagans GUENﬂiﬂ“ﬁﬁﬂ’)iﬂﬂi%llﬂmiﬂﬁﬁﬂﬂﬁ

>

v
a S

4 an v A 9) 4
yaaang “U’t’Nﬂiﬂ“])'a%l’;liﬂﬂcl"]fulﬂmimmaiﬂ

Ud

M = Molar vo4nsadani3nile

9. IpULEAOY (Mixed liquor suspended solid: MLSS)
1a83% Gravimetric Method

an A [ =1 J 9)%’ a o .
N13¥1 MLSS 35MIUUBUNUNITNI SS awwm“lwm:ﬂeuqaumﬂ (Mixed
2 L}
liquor) HKNUUINIDYIY

10. tBumeaoaod (Mixed liquor volatile suspended solid: MLVSS)
1a835 Gravimetric Method
A A ¢
mimummzqﬂnim
1. IUTEINY
Y
2. 1119 ULUTN

a 4
3. IAKLAN DT



A & ' ~
4. 193995908190 21009
5. IENNYUNYI 500 + 50 DIFUTAITHE
ad a d
MR
= o ~ = <] ]
1. wgeuausee Tasiin ldwnn 500 = 50 esruwaFed Wuar 1 52709
' v Aaa Pl = 9y H o
uazassliiduluadamosdszana 30 1R udranimin
L Y
2. dhnusemengaiminud ldvlSua MLSS

3. ausemen1 MLSS 1d2 11w 500 + 50 eseusamed Wunal 30

[ v a I'd Y o %’ o ~ A
4. daselvsuluasiames udr¥arnniminasnmae
MSATHIN

MLVSS (mg) = Y5118 MLVSS (mg) — US1naveauiaimaendansm (mg)

a J d 4 =
11. ﬂ]i’J!ﬂ‘ﬂ%ﬂﬂﬁﬂﬂﬁ%ﬂﬂﬂﬂl@@ﬂ1“ﬁ‘ﬁ?ﬂ1w
130910 : Gas Chromatograph #¥0 Hewlett Packard 'g"' U HP 6890

AN1IZMINAaeIAInINsenoun .5
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ﬂﬂﬂﬂﬂﬂﬂ R R s E s s s

HP6B90 GC METHOD

s ——— L

QVEN
Inicial temp: 40 'C (On)
Initial time: 3.00 mim
Ramps:

$# Rate Fipnal temp Final time

1 B.0O 120
2 0.0(0f%
Post temp: O 'C
Post time: C.00 min
Run time: 13.00 min

FRONT INLET {SPLIT/SPLITLZSS)
Mode: Split
Initial temp: 50 'C (Off)
Pressure: 50.00 psi (0ff)
Total flow: 103.3 mL/min
Gas saver: Qff
Gas type: Helium

COLUNN 1
Packed Cclumn

Model Number: Restek 19808

Shincarban=ST

Max temperature: 330 'C
Mode: constant pressure
Pressure: 50,00 psi
Inlet: Back Inlet
Qutlet: Front Detector
QOutlet pressure: ambient

FRONT DETECTOR (TCD)
Temperature: 200 'C (On)
Reference flow: On
Makeup flow: On
Makeup Gaes Type: Helium
Filament: On
Negative polarity: Off

SIGNAL 1
Data rate: 30 Hz
Type: front detector
Save Data: On
Zerao: 0.0 (Off)
Range: 0O
Fast Peaks: Off
Attenuation: 0

Maximum temp: 330 'C
Equilibration time: 1.00 min

BACK INLET ({SPLIT/SPLITLESS)
Ncode: Splitless
Initial temp: 100 ‘C (On)
Preasure: 50.00 psi (On)
Purge flow: 0.0 mi/min
Purge time: 0.00 min
Total flow: 45.0 mL/min
Gas saver: Off
Gas type: Helium

COLUNMK 2
(not installed)

BACK DETECTOR (NPD)
Temperature: 250 *'C {Off)
Hydregen flow: Off
Air flow: COff
Makeup flow: Off
Makeup Gas Type: Nitreogen
Adjust offset: 30.00
Electrometer: Off
Bead: Off
Equilibration time: 5.00

SIGNAL 2
Data rate: 20 Hz
Type: back detector
Save Data: o0ff
Zerc: 0.0 (0ff)
Range: O
Fast Peaks: 0ff
Attenuation: 0

Mulsznoun ¥-5 4011z InaaeIn 1 lunianiziesnlssnouueIMEEININAIBAT D

Gas Chromatograph-TCD ¥¥1® Hewlett Packard §' U HP 6890
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MANUHIN A

° d
MIMUIVUMAUAIHIAITAT

ad [ v YA =
'Jﬁﬂ15ﬂ1‘l!?lﬂ!§®€lﬁ$ﬂ'linlﬂﬂ‘lr!ﬂa!qfﬂﬁ@ﬁ

= a Jd an g a A J =
MITN A-1 L‘]EEJULT]EJUW"IEWEJLG]@W]N € UDIIBTNITUYINFUFITOUNTYDDNINNNALLEDTDA

=1 3}1 ~ j’ = A YA
NAYDI0a | FUNAWDIPA | (HONAWDIDA | 308azMT lanl
An A 9 ~ P Ay Y =
M3 Fuau uen la nla nAYDI0A
(mL) (mL) (% wt) (%)
M3 14 H,S0, 6% 1,000 700 36.87 25.81
m3l¥ 1,50, 30% 1,000 160 77.14 12.34
msldnoawes 1,000 2.230 13.63 30.39

Cation Polyamine 6%
WA Poly-AlCI,

94%

ad [
IHNINTUIN

15U M3 1% H,80, 6%

] YA A X 4 Ay v Y a ~ 9.
ﬁf‘]ﬂagﬂ']ﬁ]lﬂ?]Uﬂal‘;]fﬂj@a = (Lu@ﬂal%’ﬂi@a‘ﬂllﬂ) X (%uﬂa!%ﬂi@a‘ﬂllﬂﬂqﬂ)

=36.87 x 700
1000

=25.81%

AT UAY
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RPTGIY Ny FINADHUIY (UIN)

Conc. H,S0,(98%) (Lab grade) 25L 385

- H,80, 6% I mL 0.00943

- H,80, 30% I mL 0.04714
Conc. H,S0,(98%) (Commercial grade) 30Kg 350

- H,80, 6% I mL 0.00131

- H,80, 30% I mL 0.00657
Conc. HCI (37.25%) 25L 375

- HCI 2% 1 mL 0.00805
Polymer (PA 6% + PACI1 94%) 1 Kg 40
(Commercial grade)
NaOH 98% 1 Kg 267.5

-NaOH 30% 1 mL 0.08024

MIANHIN

9
ﬂﬁf’ﬁu]iuiWﬂWﬁ}unuﬂlﬂﬂﬂﬁuﬁlﬂ‘huﬁﬁﬂuﬂ%fjﬁlﬂﬂmﬂﬂal‘;ﬁﬂiﬂaﬂﬂ UITINND
1 Y d‘ 9}& 9 dy a = | 2‘, =1
ﬁU’JEJﬂmﬂUﬂ%iﬂm‘Vﬂ% HITINAUNUUISAARNISIINTITANNIUY TaofSououms
d ax
HYNNY 3 2%

3890 1 m3l¥nsada?la3n 6% (Lab grade)

l
S 1

Y
NAYDIOAAL 1 AR5 ANATATATITA 6% 500 aaaas A1 pH 2 uen laFunacsesea
a Aaa AAan o 9y [ dy
700 HaaaANT WITMIAUIUAUNUAIY
- n5A¥aNITN 6% 1USUIMT 500 Haaans

Aautlusim = 500 x 0.00943 1N

(0.7 8M5 x 0.3687) x (1.220 N lansu/ans)

= 13.24 170/ 0 lansundIso50a



103

389 2 m3l¥nsadatla3n 30% (Lab grade)

a

1 Y
NALYOI0AAL 1 aNT ANNTATANIIN 30% 110 Naaansnal pH 2 uenlasundsy
a Aaa A o 9 [ dy
9302 160 ¥aaans HITMIMUIVAUNUAL
- nsaKaNI3nN 30% 151195 110 Haaans
a g
AU = 110 x 0.04714

Y

=5.18 VIN/0.16 ansnuen Ia

=5.18 UM/ 0.1952 d lansuh la

=5.18 UM/ 0.1505 n lanSunasasean la
=51.29 1/ dlansunatsoioai la
351 3 m3l¥weaes Cation Polyamine 6% Waruiil Poly-AICL 94%
AR 1 anT AN HCI 2% 1,300 Haaans
FUAY + NAYOI0A + 11 1MIAD 1,800 HAANT 1AL 30% NaOH 10 Uadans 7 pH ~8
1) Cation Polyamine 6% W1l Poly-AICI, 94% 600 Haaans
HENFUNAYDTOA + 1 1@ 1101 2,230 adaag
o 9 U dq'
MUIUAUNUAIY
-HCI12% 151195 1,300 Haaans
Auilus1a1 = 1,300 x 0.00805
= 10.465 11/2.230 aasnuen la
- NaOH 30% 151195 10 Haaaas
a d
AAuIIA1 = 10 x 0.08024
= 0.8024 11%/2.230 ansvpanarosoanuen lg
- Cation Polyamine 6% HaNA1l Poly-AlCL 94% 600 Jaaans (732 g)
a <
ARl 1UI1A1 = 0.732 x 40
=29.28 U/ 2.230 AATUDINALEDIDANLEN Loy
FINNINVA = (10.465 + 0.802 + 29.280)/2.230 AnTNLLEN 16
= 40.547 VN/ 2.230 aaTNUEN 19
= 40.547 1/ 2.72 dlansun1d
= 40.547 11/0.3708 D lansundyosoan Ia

=109.35 17/ D lansunaesoan i
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1 9
A laae
v o ul YA = a v A Ay v
s I0YACNI IAAUNALED DA @/ Tansundrosoanla)
A5
(%) Lab grade Commercial grade

M3 1% H,S0, 6% 25.81 13.24 2.08
M3 14 1,50, 30% 12.34 51.29 4.80
M3 1¥woames Cation 30.39 - 109.35
Polyamine 6% W1l gl
Poly-AIC1,94%

o d
PMISANIUMIATHGA TN
Tddoyasinmsnaassludes§iianisfidnsidiu COD : TKN i1 40 : 1
= ~ 3’/ a ~ o F) 9 v Aal a .
NAEDIOANUINTUA1TOUNIdo0NLA) laelEnsadailisn 6% (Commercial grade)
9 a @ 2 A ¥
FIMAUNU 2.08 1/n lanfundwesoan
MIANHUMIIUIZAD lab scale
Y515 1au imn 2.5 aag

9931 IYouUmIITNTZUY 0.25 an/U

PN Yagns (NFN) : NABIBAAD (NFV) 1NN 1.56 (Total Solid = 97.51% wt) :

0.625 (Glycerol = 47.67%) @u1 19 0U3110357% 0.25 85

MSATHIN

Y a Aq
1. G]‘IJVIUﬂE‘]L"]fﬂi@a‘V]GlGD'

q
9

2. anilszah
3. a1 luliih

4. AWTIU
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S1AZPYANITAIUIN
% =
1. AUNUN AT
Y { 1 1 Q 1 % =) %
Pnanihndentowdgszuulunaaz u min 0.5 fas/iu
a @ 4
0.50 8013/3U = 0.0005 GNINANINAT
?,' = 4 [ Y ~ 3’; a =4 9
U31ainee 0.0005 gnuanmas/u lsnaesoanuensuaisounsgooniidd
a v a I J ~ a 1Y)
0.005 nlansy Anlluiiandyesea 0.0018 N lansu
a < ] 1
Aatlua 1 =0.0018 x 2.08

=0.0038 1N

]
= =

4 [ @ v J 3y 1 ' @
WedSuvmnadaminduvie 8 gnuianwas 1218 YSmanindenilewdgszuulunaaz fu

1w J [
IMNY 0.8 ANUIANINAT/IU

o D 1 J ) @ s o
ﬂﬂuu€ﬂ11%‘ﬂ1&ﬁ1ﬁiﬂﬂal“ﬁ@iﬂﬁ =(0.8 Qﬂﬂ?ﬂﬂlﬁﬁi/’)ﬂ) x (0.0038 UIN)

(0.0005 @NUNARILIAT/ L)
=6.135 1M
= (6.135 UM/ x (300 Tu/Al)

= 1840.50 VA

2. aniidszih
Turtealfriams14ihilszah = 0.00025 grunsfiwas/iu
v o ¢ kS ¢ o
daniinua 8 gninanwas 15inilszih = 0.8 gnuianma s/
= (0.8 @PUARARIAT/AU) x (300 FU/A))
14 ~
=240 gnUIANNATA

] %’ o { 1 ] 1 a
sanmaneinlszihgndnalagldmsieh a-4 Alasvanmsiszihdiuging

WA UM A-4
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v Aa a

1 g o [ a 1
AT N A-4 ’E]G]i?ﬂWUT]Jﬁ%”]JWﬁTHT]Jiﬁ’JﬁWWﬂﬂ@@]ﬁWWﬂiiNlm%ﬁiﬂi]elllﬂﬂcl,ﬂﬂul

L] Q

[ a a

¥ A [
sEAUVRIN 1Y MY, QAAHNITULASFINVUIA MDY

4 d
(Qﬂﬂ1ﬁﬂ£ﬂ@]i/taﬂu) (VIN/PUIANIIAT)

* 9a5711UTEAVA 200 VN

0-10 12.50
11-20 15.50
21-30 18.50
31-50 21.50
51-80 23.50
81-100 23.75
101-300 24.00
301-1,000 24.25
1,001-2,000 24.00
2,001-3,000 23.75
>3,001 23.50

aninlszahnle lnarua = 200 1madeu x 12 weuAil)
+ (240 gRunanuAs/Al x 24 1MM/ANNARIAT)

= 8,160 LN/

3. lulih
14 9
JOI0INIU 3 115301 = (3 Hp) x (0.7457 kw)
(1 Hp)
=2.2371 kw

Tu 1 50 wdaniesmuitessasilousenanszun 1 $11us dniuazilamnioaniu
aaen 23 51114
Siuaz'Id 2.2371 kw/ 23 hr
= 2.3344 kw/ day
Aty 17) 4 300 31 9214
=700.32 kw/ year

gaganaanu e ldanasia a-s
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[ 1 [ Y { ] 1
A1314 A-5 oasIAInasu I ihnviieae o

Unit (kW-h) C (Baht/kW-h)
0-150 1.8

150 up 2.78

400 up 2.98

dasawaanu I = 700.32 x 2.98

=2,086.95 UM

4. MUTINY
IHus99u 1 au
AUSINY = 176 V1IN x 300 U

U

= 52,800 UM

1 a o a @ J
AunusIRellvesmInaamadinmanyagnstaznaeseaauluszuuwin 8 gnuen

WUATUAAIAIAIT N A-5

9 a o ~ = o 4
AT N A-6 @]Ll‘VJL!ﬂ”IiNﬂ@]ﬂT“K%’JﬂWW@@ﬂiHi%UU‘HMﬂ 8 ANUIANINAT

Y

Aunu VAl
MSUENNALEOIoA 1,840.50
anhalszah 8,160
A Tlih 2,086.95
AT (176 VINU) 52,800

AUNUIIY 64,887.45
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U a o = T
i’)ﬂi]ﬂ1iwﬁﬂﬂ1°ﬁ‘lﬂﬂ1w¢li’)ﬂ

v o J a

4 @
§ainuLIn 0.0025 gnunAnuAs KaamadIn 1M 1A 0.000562 gnusimas/ i
[ o 4 a o ~ 9
INUUNVUIA 8 GNUIANINAT ﬂ%Na@ﬂT“]ﬂ‘lﬂﬂ1W]‘1ﬂ

= (0.000562 gAUARIAT/TU) x (8 gRUNARINAT)

(0.0025 gﬂmﬁﬁmm)

= 1.7981 gmNAnuAT/ i

14 ~
= 539.52 @NUNANINAIA)
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Abstract: Ar the present time biodiesel is widely applied

as an alternative energy for diesel fuel. For every 9 kg of

biodiesel produced, about 1 kg of a crude glycerol by-
product is formed. This work aims to convert the crude
glycerol to more valuable product. Initially, three

glycerol recovery methods were investigated. Using of

6% H»S0, was considered as the most suitable method
after cost analysis. Several mixtures of pig manure and
recovered crude glycerol were fermented in batch

laboratory-scale reactors to obtain optimum amount of

methane and it was found that the mixture presented
50:1 COD: TKN ratio gave highest methane production.
Key Words: Crude glycerol/ Biogas/ Anaerobic
digestion

1. INTRODUCTION

Biodiesel production worldwide has been on an
exponential growth curve over the last years. During the
biodiesel production process, glycerol is a primary by-
product. For every 9 kg of biodiesel produced, about 1
kg of a by-product. crude glycerol is formed [1]. The
rising of the biodiesel industry causes a surplus of
glycerol resulting to a 10-fold decrease in crude glycerol
costs over the last years and creates the concerns in
environment with polluted glycerol disposal [2]. This
crude glycerol should be converted to valuable product
instead of dumped in landfill.

One of the processes is the biological conversion of
organic material to a variety of end products including
‘biogas” whose main constituents are methane and
carbon dioxide [3-4]. The total biogas production from
the anaerobic fermentation has been on a steady increase
over the past several years [5]. The productivity of
anaerobic digesters can be improved by supplementing
with readily digestible co-substrates [6]. Glycerol is a
readily digestible substance, which can also be easily
stored over a long period. These advantages make
glycerol an ideal co-substrate for the anaerobic digestion
process. There are also many examples of co-digestion of

animal manure with many different waste products that
have been experimented with in the last several years and
most showed positive results. The glycerol-containing
waste after pre-treatment has a high level of anaerobic
biodegradability and that a substantial quantity of
methane can be obtained. The use of granular sludge and
acidified glycerol was found to be the best option for
revalorizing  glycerol  anaerobically  and  the
biodegradability was found to be around 100%. Glycerol
is currently underutilized as a co-digestion feedstock.

The purpose of this study is to increase value of
crude glycerol produced from biodiesel manufacturing.
Crude glycerol mainly consisted of organic matter and
glycerol. Organic phase was separated out to produce
biodiesel by esterification and glycerol phase is expected
to be a good substrate in fermentation. Initially, three
glycerol recovery methods were investigated. The most
suitable method was chosen after cost analysis. The
recovered glycerol was then converted to biogas by
fermentation in the batch reactors at mesophilic
temperature using granular sludge as microorganisms
and pig manure as nutrient supplement.

2. MATERIAL AND METHOD
2.1. Material

The raw material used as substrate was the glycerol-
containing waste discharged after the biodiesel
manufacturing process at the Specialized R&D Center
for Alternative Energy from Palm Oil and Oil Crops,
Faculty of Engineering, Prince of Songkla University,
Songkhla, Thailand. This facility use alkali catalyzed
transesterification to produce the biodiesel from waste
cooking oil and palm oil. In general, crude glycerol (pH
= 9.8) mainly consisted of glycerol (36.75%). water
(4.13%). ash (3.17%) and matter organic non-glycerol
(MONG) (55.95%). In this experiment 6%H,S50, and
30%H,S0, were diluted from conc.H,SO, (Sulfuric Acid
98%. A.R.) and polymer is obtained from 6% cationic
polyamine (PA) blending with 94% poly-AlCl;.
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2.2 Crude glycerol pretreatment

Three glycerol recovery methods were investigated
using (a) 6% H,SOy, (b) 30% H,S0, and (c¢) 6% cationic
polyamine (PA) blending with 94% poly-AICl; [7] to
recover glycerol as shown in Table 1.

(a) Using 6% H,S0,

6% of H,S0, was added to 500 ml of crude
glycerol and pH of the mixture was adjusted from 9.8 to
2. The mixture was left over night to let it separate into
three layers. The top layer is methyl ester and free fatty
acid. the middle layer is glycerol. water and methanol.
Potassium sulfate and sodium sulfate were found in the
bottom layer. The glycerol layer was obtained by using
separatory funnel.

(b) Using 30% H,SO,

The procedure was the same as method (a), but
using 30% H,S0O, instead of 6% H,S0,

(c) Using 6% cationic polyamine blending with
94 % poly-AlCl;

500 ml of crude glycerol was pH adjusted from
9.8 to 5 with 2% HCI and left for one night. The mixture
was separated into two layers. The top one is methyl
ester and free fatty acid and the bottom one is glycerol
and water. The bottom layer was obtained to adjust pH to
8 with 30% NaOH and then 6% cationic polyamine
blending with 94% poly-AlCl; with 25%v/v was added.
The polymer layer was above the glycerol layer. The
glycerol layer was obtained to analyze its composition.

2.3 Substrate preparation

Recovered glycerol 37% (w/w) was analyzed for
chemical oxygen demand (COD) and total kjeldahl
nitrogen (TKN). It has about 620,172 mg COD/L and 60
mg TKN/L. The ratio of COD: TKN was about 10,336:1,
which is not optimum for anaerobic process [8]. It is
necessary to add pig manure as nutrient supplement [9].
Various mixtures of pig manure and recovered glycerol,
which gave 50-100:1 COD:TKN ratios as shown in
Table | were fermented.

Table |: Mixture of pretreated glvcerol and pig manure
and COD:TKN ratios

Pig Recovered | Total COD TKN | COD:TKN
manure | glycerol | wt(g) | (mg/L) | (mg/L) ratio
(g) ()
20 45 1000 | 26962 392 70:1
20 40 1000 | 24335 375 65:1
20 35 1000 | 22105 354 60:1
20 30 1000 | 18482 341 55:1
20 25 1000 | 14216 | 285 50:1
20 - 1000 | 8578 | 269 32:1

2.4 Anaerobic batch reactor

Biogas production was performed in glass bottle with
working volume 1 L. The fermentation was operated at
mesophilic temperature with initial pH 7.19. Each reactor
containing 37,500 mg VSS/L granular sludge [10] and a
mixture of pig manure and recovered glycerol was
purged with N, gas for 5 min to maintain anaerobic
conditions. Gas produced in each reactor was measured

daily for 5 days. Gas samples were collected for daily by
displacement of saturated brine as shown in Fig.1.

Fig. 1. Experimental set-up of batch reactors

2.5 Analytical methods

2.5.1Chemical analysis

Glycerol content was analyzed by titration method
(TIS.336, 2523). Amount of water in crude glycerol was
determined by Karl Fischer titration method. Analyze of
COD and TKN were carried out with Standard Methods
of APHA [11].

2.5.2 Biogas production

Biogas production was collected by displacement in
saturated saline and biogas composition was analyzed by
a gas chromatography (HP6890N) equipped with thermal
conductivity detector (TCD). The contents of methane,
carbon dioxide and nitrogen were determined using a 1m
x 2 mm (inside diameter) silcostell packed column model
(Restek 19808  Shincarbon-ST). The operational
temperatures of injector, detector and column were kept
at 100, 200 and 330°C, respectively. Helium was used as
a carrier gas at a flow rate of 103.8 mL/min.

3. RESULTS AND DISCUSSION

The results of three glycerol recovery methods are
shown in Table 2. Highest glycerol recovery was
obtained with using 6% cationic polyamine blending
with 94% poly-AlCl;. However, the total cost of the
process is also greatest. Using 6% of H,SO, could give
26% glycerol recovery with the lowest cost. Therefore,
this method was selected as an optimum and economic
method. The appearance of glycerol after pre-treatment
with each method is shown in Fig.2.

Table 2: Glycerol recovery and total cost of the process

Glycerol recove olahai
Methods ¥ Y | (BahVL of crude
(%)
glycerol)
6% HaS0, 26 4.70
30% H2S0, 12 5.18
*Polymer 30 40.54
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Fig. 2. Characterization of crude glycerol and crude
glyeerol after pretreated with each method

Recovered glycerol consisted of too low nitrogen
content. Then, pig manure slurry was added. After
several trials, five mixtures of recovered glycerol and pig
manure as shown in Table 2 were fermented in batch
reactor. The highest biogas production (446 mL/day) was
obtained by fermentation with 50:1 COD: TKN ratio at
day 2 (Fig.3) and the highest accumulative biogas
production (1062 mL) was also obtained by fermentation
with 50:1 COD: TKN ratio (Fig4). The biogas
compositions were analyzed and it was found that at day
3 they were not significantly different for different
mixtures of recovered glycerol and pig manure (Fig.3-7).
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Fig. 3. Biogas production rate in batch reactors with

various ratios of COD: TKN
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Fig. 4. Accumulative Biogas production in batch reactors
with various ratios of COD: TKN
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Fig. 5. Methane production in batch reactors with
various ratios of COD: TKN
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Fig. 6. Nitrogen production in batch reactors with
various ratios of COD: TKN
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Fig. 7. Carbon dioxide production in batch reactors with
various ratios of COD: TKN

Fig.5-7 show that at a haft first day, the methane
and carbon dioxide productions are low while the
nitrogen gas is high. This is because of purged nitrogen
gas was still excess in the initial step. On the third day
the methane and carbon dioxide productions were more
arisen as a result of anaerobic biodegradation.

4. CONCLUSION

Crude glycerol mainly consisted of glycerol and
MONG. Before fermentation crude glycerol should be
recovered using 6% H,SO,, which cost 4.70 Baht/L of
crude glycerol. Recovered glycerol contained insufficient
amount of nitrogen. Then pig manure was then used as a
nutrient supplement to enhance the methane production.
The mixture of recovered glycerol and pig manure
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presented 50:1 COD:TKN gave highest amount of
methane. Therefore, this mixture will be studied further
for larger scale.
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