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Reduction of Nitrogen in Chicken Manure using Chemical to Increase 

the Potential for Biogas Production 

Kamoldara Reansiwan Natthawud Dussadee Kittikorn Sasujit and Jutaporn Chanathaworn 
1
~h,v1fit.1'Yin .:i.:i1til'lfllll'l'U lJ'l111l'ltJlfitJm.JU i .:i 'l11fll;tJ,:i h n .J 50290 

unfl~nt1 

(M gSO4) ulJnih;tJlJfHlil iH1 (MgCii) u'1:::UlJffWl;tJlJt1t1n iCJf; (MgO) 1fltJl17'Yl~H'IV.:im1,,njn 11..11:::i'U 

11'v-:iuBu9im1lun-m1:::m'JV6tJU'11tJU1J'Ui!tnmfl'mm~rn1nnjn 15 l f.JW'ttt,Ji1iumnnjn 34±2 °C 

n i,1m1'H,1'n 15 1'1-1 'Vi1J11 nul~m1i,:::mtJ MgSO4 ~fl11lJl,i'lJ'\i'1..1100 mg/I lfifln71Hn~n7ttf;''H11Vi 

ff::: fflJff-:Jff'1fiV 15,320 ml u":::iiu 1:::il'Yl~fl1Vin71fl1\1'1 TS, VS um: COD~ 37.7%, 29.8% trn::: 30.4% .. . 
l>l 1lJ'11i 'U ~-:i iiri 1ff -:in 111rl tl1 l1 tJ'U n 'UO-:J fl 1'UfllJ trn :::'ri 1m '.i flfill 111 "1 m 'j n 1'W trn :::f11Hl n1>1::: mrn lJ "i ri~ .. . .. 

' j/ .J 'J,/i/ , ,Cl .Q A ~ j/ 

t1m1:::m-:i'") ,11v MgSO4 'Yl fl17lJl'lllJ'll 'I..I 100 mg/1 Vi'U17 'Ylt1mn11..1 5 urn 11m~n1>1:::nv1..1 90 'W7'YI ,11 

1nlJ1Wfi1CJfi1fl1Viff:::fflJ\l'-:J"J'fl 6~~ 44,500 ml 1rn:::mmrnn1\i,i TS, VS trn::: COD l~f111n7'.i'Ylfl'16-:i 

t w1 1m.1fl,11il'W 67.9%, 66.6% 1rn::: 62.5% ~1mhiu 1rlvt11m'Yl,1n-ouffntJm'Vimrn~1>1n1CJfiil'Yl'whH1-:i 

11,1'n'll'WWI 200 l 'Vi'U11 mm10H~1>1n1ci1i1m'Viff::: fflJl~ 1,488 I ~1:::tJ:::11mm111,1'n 34 1 '\.J fl,iL1'l'Un7CJf 

;,fl1Vi m ~ tl1'U"::: 44 1 1,-i tJfi 1ci/~11fl1'Vi~ Hn1>1 '1 ~ii 0-:Jfl th ::: f10'U'IJ o-:i n1ciriil'Yl'W ff-:j t,',I 63 .4 7% O1CJf .. . 
.,, "I "I .,, ..,. ~ I "' 'I ..,. "" "' 3 "' 

fll'.i'UO'U L'100f1 LCJf'1 27.10% fl'1hJ'Ufff1tJf11Vi L'Wn71H'1\9lf11CJf'lf1fl1'Vi 0.083 m /kgCOD,cmovc trn:::fffitJf11'Vi 

l'Umrnn~iil'Yl'U 0.053 m
3
/kgCOD,cmovo '1110 23.77% 
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Abstract 

This study was conducted to show the effect of nitrogen removal by chemical process to 

improve biogas production. Three types of magnesium chemical enclosed magnesium sulphate (MgSO4), 

magnesium chloride (MgCl2) and magnesium oxide (MgO) was studied with 100 mg/1, 150 mg/I and 200 

mg/I magnesium and the control experiment (without magnesium). During this study, anaerobic digestion 

was dispensed in batch system 19 l reactor with operating volume 15 l experiment in mesophilic condition 

(34±2 °C) for 15 days. It absolutely was found that maximum cumulative biogas production was 15,320 

mL by exploitation of 100 mg/I MgSO4 loading with the maximum chemical oxygen demand (COD) 

removal and total solids (TS) removal of 30.4% and 37.7%, severally, whereas control experiment was 

7,150 ml. The factors affecting of the stirring times and precipitation times of magnesium sulphate 

(MgSO4) on biogas production efficiency by using the MgSO4 concentration of 100 mg/I was studied. The 

ratio of chicken manure to water was 1 :3. The duration of the stirring times were 1, 3 and 5 min and the 

precipitation times were ranged 60 and 90 min. The result showed that the condition for highest 

cumulative biogas production of 44,500 ml and the highest of TS, VS and COD removal of 67 .9%, 66.6% 

and 62.5%, respectively was found to be the stirring time of 5 min with precipitation times of 90 min. The 

upscale -capacity fermentation tank (200 L) study was used to conduct potential methane production 

experiments. It was found that the cumulative biogas production of 44,500 ml at a 34 day fermentation 

time equivalent to an average of 44 I/day. The composition of methane and carbon dioxide were 63.47% 

3 
and 27.10%, respectively. Moreover, potential of biogas production was 0.083 m /kgCODrcmovc and 

potential of methane production was 0.053 m
3 
/kgCOD,cmove or 23. 77%. 

Keywords: Biogas, Magnesium sulfate, Chicken manure 
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1Jll'Ul 

{fo~tl'unm'i'Ult'Ylfl 1u 1clafl1'i'U1'U~J1tff{J'tt10'UO.:Jtff{J 1~on Hmm ff l11o~~ {Jtl11 'i t 1J1JH~\Pl 

n1cif;-:m Tri lJ 1 iii u mn'i\Jll'W Tvni.:i.:i 1u 'il1n,io.:it 'tt ~ o-vf .:i'YI N t11'i ttlllfl'i tiu ov1.:iu vd 'tt clW Uclt ffllJ 1 'i fl 

0 .., r:, d ?I., 11]~ .,,d, i1 a rd d • .I " 
'W 1lJ1Hcl11 tl1cif'lf1fl1'YH lJ'U 'Yi cl.:).:) l'W Yl~U YI 'U 1 ~ 1 'U 'jt~1JYl'U 1'Yi O 'il ~ ut ~ 'Yi lt mrncl11 tl1cif'lf1fl1'Yi 'il 1tlTI l'i lJ 

Uf1i91'1 im.htmff1'Vltinffm.Jfl1'W 879.61 ;1'Wt1tl1J1fff1tlJ9l'iliJ i.:imt'~.:J i'W\Pll'il.:J~ 1 

., "' ... • "' .,. 1ill" ii .., fffltJlll'Wfl1CJJ1f11ll'WUD::fl11'1..!lfl1CV1f11ll'W Vl 't..!'Wll~~l't..!flvlllfl't..! 

(01'1..! 
., ., 

1h:: w nn 11tJ 
'WfMHU 'WtH~l 't..! ... ' ill't..11'1..! 

., 
d ... ' 

'WD~~l't..!lfltJ'LJlfll 
,iium,h1nfh lfltJUlfll fl11tJ gnuum r:, ... ., 

h-Hl't..! 
ltJfl'J/th 

,., fl1CVV11ll'Wt>YI (ton) 
(MW) 'Jt>'t..! (ktoe) 

-w1f1Jin 6,281 336.81 40.40 168.41 153,059.34 

'WlllJ ifltm::uo 5,617 245.50 29.46 122.75 111,592.03 

-w1fo1ri~ 168 8.40 1.00 4.20 3,822.21 
-

'W171JLL'YiZ/UtlZ 48 0.10 0.01 0.05 45.94 

-w 1 fo -.:rm 2,541 288.78 34.65 144.39 131,264.40 

nll 14,653 879.61 105.52 439.80 399,783.92 

~lJ1 : http://biogas.dede.go.th/biogas/web _ biogas 

'UO.:Jt~tl'il1tl'W17lJ l f) i 'UU~'\16.:Jmi.:i.:i1'Ui1fl 1'Yii'jfftltlfl1'Yi~ 'ilt i 'Jflri'U 191Q~1J i 'U fll 'j H~91 fi191;1fl 1'Yi 

i~t1m1vooinnt1t1nfi'Wn1vi'Wfffll1t Hmm ff i.:iuff~.:i i u91111.:i~ 2 i,wi11 tlua'1 n1C!f;1m'Yi~ 1~ 

. I ~ d ~ " , , "~ .d .. ?I rd .-1 
u1::no1J,no llln'W-rnrm:: 50-70 fll'I lJO'W ,ioon C!f,ilmrn:: 30-40 1m::nmmHu'Wfl1CJ1fl'W'l 

... ., ' 'V't..!Yl'U6~\!Dilfl1 m ,:,,::t fo vd 
1tJ1f11fl1CWV11ll'W (DU.tJ. flt)\ll't..11'1..! nn. 'UM\jDilfl1) 

11 fl11tl 0.023-0.040 

'ttlJ ., 0.040-0.059 

in 0.065-0.116 

~lJ1: Updated Guidebook on Biogas Development, 1984 
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q V 
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J/ i,I , I I 
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,hmv.J1 L'W'V11~fl"'Uf1'W'l1lflf11 C/N J11nu ii.J iu l,J'Jl\l'W\l~\)flUciuooflfllJl Ucl~ff~fflJi'WlUUOlJ llllUO 

(NH3) l'i1ltt'r11f111mvumf1~1~rri1Jg~~'W r11f111111V'WflH1~1~~g~n11 8.5 \l~iiHmV'W'W'l:l~o~il'W'YllV~ 

i,-f l~ih'Yl'W om 1m·rnil~ fllC)f;~~ 11 'lf'W fl'W i~Jumu~miut:iitN fll'.ifffl'l:llfll'.i clflUOlJ 1 u 1i1 ti i 'W lJcl, ri~ 1tl ., ., 
QC1 ad.diicv ..::),(Nd 

11i'YI 1--'.l 1 fl lJ l'ViOl'Vi lJ rlfltlfl l'Vi'\J tN fl ':i~ 'U 1'W fl l ':i Hcl ~ fl 1C)f'lf1fl l'Vi 
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• 1iluu 'U 1'Yll~ itJfll'j 'ff~l~lJ'1T111ff1lmih:rrf ~m~fll'jlfl'l:l\>l'.i '111'LIW'l11fll'j 1n11n~umiJu i 'lJ 
.. • u 

vhfo 1rnd'.ltNn'lJt1'Um1u~u-ey,iml'l~lf11!1llflf1lC)IUOlJ llllUU 

V ""' 
3.m'Ulffll:lf Oil 

?I i Q,I ~QI ..:::\ rt1.c::::1. , y 
• 1 u 'lJ U 'lJ TYll ~ 'U fll 'j '¥1 WI 'lJ 111":: l'Yil.J ff fl ti fll l'f '.i:: ti 1J ~ '1 l>l fll C)/ 'll' 1 fll l'f 'ff7 lJl '.i ti 'll' 1 ti "'111 \>l 'lJ 'Yl 'lJ • 

,i O~lfl'l:11>1 '.ifl'.i 

• 1 ~" lJ"1fi7 i ,r n1J1 'ff 11milovf ~vi1~ m 1 m'l:l mm:: ,i w1 w i ,;' 11m'l:l 1>1rn11m:: -n'o~ ~ u 1ilu m 1 
~ . ~ 

Ji o ..::ti ,111!\ d O , ~ ... i .I d 

l'f ~'¥11 \>l 'lJ 10 ~ \>11 lJ II 'lJ 1'¥1 '.i:: '.i 1 'Jf 111'.i 1 ffnl J fl '1 l'f O I l'f ti~ 'Yl 1 '111 ff'j}j J fl 1l .fll ti 'lJ u '.i:: I VI ff)J 

"" aJ 
'Yl fl"Yll ~ 11,i 'U 

V "" 4. ~11fl'V101l 

• 'Vll i ir1n11 U~tlfl 17l.Jfi ,nil 'I.Jfll'j l~lJU 1:: ff'Yln flll'f fll'.iH~l>lf11C)/;'Jfl1l'f ll'1::~wi'U1l'Ylfl l 'U l '10 

~ = 
11 l'Ul'f '1~~ 1'1.J 'Y11111 Vl'U 
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fll 'l fl 'l"HlA 0 flt'ITi 

., ' ' 
'h.J 1f1Hf)l'j1ivih1w:::rf'hiaiiu 'l-!1fl,l l 'l-!f)l'H1,llfllJ1WltfllJ 1rnllvl '1-!l_!cl in l'Viflt'YilJfff)VfllV.i 'I-! 

f)l 'j H~~ f11"lf;1fl1V. l ~ tM ~lf)f)l "lfUfllJ imumih-1 'U ~iv~ ,ht1tyi111~ .:i~iiHcl~ flf)l'j ir! 1-:J f)l"lfii ll'l'I-! ~.:i 

lfif)llc\,llfllJlWUfllJ 1muvii11clW1fin11 1,rlln l'll.:JnlvtllV. lflii ltcl:::l'l1.:J;1fl1V. U~lnl'l1.:J;1fl1V.ii11f>l1 . 
j..b Q.1 ~ ~ Gt, ~ d d dd f o Q.1 "i" d 1'J I ~ j/ I GI Cl 

\l.:J flw::r:;i1~v~.:ilclflf) &'lf11i'YIHlfllJ fff)1:Jlfffl11::l'llJHc\Y!flf)11f)l~flUfllJ &lJl'I-W~lf)l_!cl ,n &f1Uf) 1:::fl1Jv.tfl'lf 

1:::v :::11m l 'U f)l'j f)1'U 1m:::m:u 1W ffl'j lflii~ i 'Ml~vmi fl'U 1 'l.l~mm::: fflJlJ1l'l,lff fl1Jfff)[Jj)l'}'Wl'j H~~f)19f 

;1mv.,r1vm1111r11 BMP (Biochemical Methane Potential)1rn::l'l'1fffl1Jmrn~11n19fi1mr.l'Ut5'.:imjn l 'U 

, v ,. , Vd j/ ~ l j/ ?I j/ ,K j/ 'I O "°' "°' o, ,. "' 

mn1::: rn1mtl &,lV ,ltlfftn1rn:::1111n1J'l.lfll_!cltv.U 'lflu'U'l.lfll_!clt1rn.:i11'U 1'UmHlll'U'U.:J1'U1~v ,~w:u 

l!'I "' 1. fllUJ't'itlUJ,itHflloW1flillft 

f119f;1fl1V. flfl f)1CJf~ltlfl~lf)f)l'j11lfnoflV'l.lfl.:JlffV 1,iv,~'1-!l'llU'l'Uffflll:::Hmmtl (Anaerobic 

Digestion) 1,ivii 1il'IJ'Yll Uf)~lJ~ Hil11n1CJfiil'Yl'U (Methanogenesis Bacteria) l'i1nu11lf no6Vffc\lV 
., 

ff110 '1Jl'llU l'i1llf1n,in19fi1mv. (Biogas) 'l.lfl.:JlffVmri1tl'ui~un '1.16.:Jlffmnn itm 1fl in 11~6 'l.l{MlffV~lf) 

fl1flfJ~ff111m11Jm1:1111un::'l.lv:: 1'!1'1J i H.:Jl'IJHil11utl.:ilf u d1u::11i.:i i H.:JllJJ11Y,d1~lJ un:: i H.:Jl'IJtfll'll 

irn i, l u 'I-! 9" 'U ~.:i 'l lJ u 'j::: l'YI tll 'Yltl'lfo 11ii'I.I fl.:J l nvm ri ,d fl~lJl f)'U ~ 1tl'uv.1111iimnl ri flVi1.:J'llfl.:Jl ff Vi .:i nri 11 
., . ., 

1J1.:Jff1lJti.:Jrj'mhJ1 ,hflclfl.:Jff11i11W::l'i1 'l lf1n,ii!iy111iY .:Jll1,l~fllJ nfl'U11U1U ,~iimnhtl',l 1,lV 'l rnm1 
Ji ., ., 

1~:ummrrCJf.:iifl.:i 1 iv.i.:i.:i1u h Hhl'i, i ,,;'ifl.:iillJ1ut;6.:ir.n.:i.:i1'1J 'l 'IJ m1tl1tl',li.:itl'u 1::1111nu H~ 11n191 

9f1fl1V. ;,:iiiu1::: 1V'lf'IJ'l 'U f)11'!11Vc\,l'Ut\}111~ .:JU 1fl~UlJ1''1n11UriflV,l llffVcl.:J\Tlllj,l 1 ff11i11 W::: c\,lf)g'IJ 

mih-1 i~~fJ9f1mr. iu'l i'i um1 m1:1111 i~v.i.:i.:i1'1J'Ylflll'Yl'IJ un:::ti.:i,huclflfl11:: 1 clnf fl'IJ 1,wn~1fJ 

.. l!'I "' 2. 01:::lll'Uflll lfl~fllCW'lf l fllft 

m :::1J1'U f)l'j OflVfft'llfJffU O'IJ'Yll UU1J 1J hl'l immff ltlfl~lf)f)l'j lU~V'IJllUt'l.:Jffl'j O'IJ'Yll ul MlU'IJ 

c,1 "' c,1 o' l l o' .J, c,1 !: ""' ?I "'• I ., c,1 "' 
nlCJflJl'Yl'IJ 1rn::: n7CJffl 1nrn'IJ flflflf) 9ffl CJf .:Jn19f'Yl.:J fffl.:J'lf'IJ fllulJ fl.:Jfl u 1:: f)fl1J11 c\n'l.lfl.:J n7CJf'lf1fl1V. ~ 1nn n 

' ., 
OUVffc\1fJff110 lJ'YllUll1J'Ultilimmfl'lttnmmUlJf11C)f9f1fl1V. iim::1J1lJOUi~Ufffl.:JilJfll't'f~ 1 i.:iu 

2.1. m::1J1lJn11 i~ 1,11 l c\CHff (Hydrolysis) 

1U'IJ m ::111lJll 'jf)'IJ fl.:J f)l'j OfWfft'I WffU O'IJ 'YI l u~ii 1 fl H ir! 1-:J 1:urn flcl l 11 aj 1 'lf'IJ fl 1f111 i ~1,l 'j YI 

'i' _ I "' 1'J ., 'I V ?I ,. "' o'ci "''i' V 'i' d .Ji • l V 
&UH llJ Ufl :: &'UlJ'IJ &11f)fllfJ1u'IJffUfl'IJ'Yl':ifJ'YllJ &f1Hff11~ &lJlflflfllflf) CJf.:JH fl ~lf)n11fJ0t.lff"1tl~:: fl 
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ffl'i'l.h::n0'1.JfltfV11tJ~infl'j,rn!1.:i illrnnmgn l'lf'U J1\Pll'1ml im1 nrnudiiu m~ i,nru 'U\lirJ~l~rJ1,i'~N . ~ 

• I"""""' l , t ~ "" ,I ' "' ' "' d "" <9 ". I 'IJ0.:iu~mr11 um::'IJ1'Ufll'i 8 1m rnCJ1irn::'IJ'UU~n1Jm pH 'i::a::nmnmn'IJ ~W'tttJll 'i1llfl.:J0.:Jflu'i::n 01J 

cv a dt1 91 • "i' .c1 a,=s , "I ,- , Q .et-=t , o' .et d a., 

'IJ 0 .:11\PI fl ~'LI 'YIV cl'U l 'IJ 1 ff'j ::'LI 'LI I ~ tllJU 'LI fl 'Yll ';i tltl'1lJ rn I~ ';i '1 \Plfl 1m::u 'LI fl 'Yll ';i [Jtl '1lllvl t)'j l lJ'U l\PI 'Yin l ilu \Pl 1 
q 1\1 " " 

d0r1ffmrJffl'ifl'U'Y11tf'1uJu\Plt1'W 18 i~'i 1'1;ff l'Wfll'iV0tlff'1Wffl'ifl'W'Y11tf'IJ0.:im::1J1'Wfll'i l8 i~'i l'1;ff 

Carbohydrate ~ C6H 1P6 

(Glucose) 

Protein 

Fat 

~ H
2
C-RCH-COOH 

(Amino acid) 

~ CH3CH2COOH/CH3CHzCH2COOH 

(Fatty acid) 

2.2 m::'IJ1'Ufll'i0::;i~Hll'U;ff (Acidogenesis) 

""i ~ ~ I I a .c1 c1de::11 'i! L d .,. 1 m :: 1J 1 u m rn:: cir ~ rn 1 ti cir ff 1 u u n Tm o t1 ff cl w m 'i 0 u 'YI ·rn 'YI lJ fl H ff -.n .:i m '1 fl cl m n '11 'i 0 m '1 fl '1 

1~r11~ i~ ~nnm::1J,'Wtll'i l@J 1~1 lcl;n' 1~uU1Jflli11 un~llff!i.:im~\l:: '1 im1t1'W'Yll tJ~ii 1 fl ':i .:in-! 1.:i 1llmfl'1 

1~t111ilmm ri-rn7'11 ll ~HH11nm, dtwmnuff11 vu'Yl1 u~ii 1 m .:iff! H 1llmfl'1l~t11'1Jv.:iu1Jfl'n17 t1\l:: i~m ~ 

fl'W'YllfJ':i::l'l1rJ~ltl (Volatile fatty acid) ~iilm·.:in-!1.:i Llllclfl'1fl111J0'U11itn'W 5 v::1161.J (i91'11'Wtl, 2011) l'lf'W 

m~m:;~fl (Acetic acid) m~vJv f i1fl (Formic acid) m~ i 'Vi'i~iviiri (Propionic acid) m~ 101ciriJ1mri 

(Isobutyric acid) m~11m1fl (Valerie acid) m~ iu 1CJ111m1 fl (Isovaleric acid) 1ilu/u fll 'iV0tlff'1W'IJfl.:J 
., 

m::'IJ1'Wtllrn::;1~t\ll'W;n'trtrn.:ii.:iu 

C6Hl20 6 

(Glucose) 

H 2C-RCH-COOH 

(Amino acid) 

CH3CH2CH2COOH + 2C02 + H2 

(Butyric acid) 

CH3COOH + CO2 + NH3 

(Acetic acid) 

2.3 m::1J1'Wmrn::;1111\ll'W;n' (Acetogenesis) 

1ilu m::1J1u m':i ~iifl n ':i~t'lf'W1~r11ti1rn::; 1 ~1 \lt 'W ;n- u~v::; 1111 \lt 'W imilu m::'LI 1u n n~tl 1m ~ 

fl 'W 'YI! tJL fl H ff! H L lJHl fl '1 l~ tl1~ ii fl 111J O'W lJ1 tl f) 11 2 0:: 916lJ lJ 11 iJ~ V'W l iJ 'U o:: CJf 191 'YI lfo f llJ 'YI nlCJf 

, 1 <:I " ~ ~ " .Ji ~I • I • "' 'I .,. c:I "' L "' "' "' 
@J fl':il\l'W un::tllciffll'j1Jij'W !~0 0 0 !CJ/~ CJ/.:Jlu'Wffl'iu':i::tl01Jfflfl~ 1'Wtll';i~(l9lf)lC)flJl'Yl'W ~tllJU1Jfl'YJl';itl 

n~ lJ 6::; i \Pit \l Ufl1rJu i1d0 affn w m ::'LI 1u m'i 0::; i 111 \ll iJ ;milu m ::1nu tll'i ~ ri1ff ~ '1 u nn n~ m'i 

a do' 1 11 d~I olY a r:I ct °"' t 
ff:: ff1J'll0.:im~0'W'Yl'i t1'i::m t1.:iwun:: 8 ~'i 1 \l'W cir.:i1uu mm 11'Yl1 '11 m::1J1u mrnnfltllciflll'Yl'W ont11Jr1.:i . ~ 

.. 
'111 Ot}l\l'Yll l ,r';i ::1J1Jllll'l1 '11 ii i~t1fll'i06[Jff'17[J'IJO.:Jm::1J 1'W fll'i0::;1fl1 \ll'W'iffu ff~.:ii.:iu 



CH3CH2COOH + 2H20 

(Propionic acid) 

CH3CH2CH2COOH+ 2H20 

(Butyric acid) 

CH3COOH + CO2 + H2 

(Acetic acid) 

2CH3COOH + 2H2 

(Acetic acid) 

2.4 m::1J'J'Ufll'jihn l'Urnl'UCHff (Methanogenesis) 

ihn 1 'Wl'11'UCHfflU'Um::1J'J'U fl1'jff~l11tl'\l0.:Jfl1'j tim.1m, ltl'ffl'j 0'U 'Yl'°½ V 1~t1i1u1Jri'Vh'°½ @cilJ~ffr N • • 
i1mutiot1i1mt1m~0uV1'°½ V'17flm::1J1umrn::CH l1P11 '11'UCHff l'lf'U m~ o::CHI\Pl'Yl m~vfoforn n1CJf ig 1~ 'j I '1'U 

1 Y ?I "" "' "" o' "l "l o' "" .,j d Y ..li • .,. 
'11 fl" 1 t111J u m CJf lJ mu m CJf fll 'j 1J vu l ~ o o fl l CJf ~ u":: m CJf V'U 'l rn flu v t1 CJf .:i m w v t1 ff" 1t1'\l o .:i m:: 1J 1 u m rn 

,, 
'Y111 'Ul'11'UCHffUff~.:ii.:iil 

CH3COOH 

(Acetic acid) 

stage I 

------..... Bacterial 

Organic waste, 
carbohydrates, t-----'l 
rats. 
protein 

I 
I ------- , 

H 7, co,. I 

acetl<l acid I 
I ------ , 

stage l1 

-----. : Bacterial mass 
I 
I 

Propionlc acid, 
butyricacld. 
various lleoholst----. 
andothef I 
compounds 1 

Fermentative bacteria : Acetogenic bacteria 
I 

I 

stage HI 

Bacterial 
mass 

Methanogenic 
bacteria 

d "" c,I d i ")Y 
Ill 'ftTI t m :: 1J 1u fll 'j i:-rn \Pl m CJf 'lf 1 m-w tJ ff m 1:: L 'j mm f'I' 

qq ~ Q fff .ct 
3. mm TI& 'U l LU fll:: 1J l'l! fl Tl lfl~ tll Cf Y l ill 'ft 

i 'Wm'j dot1i1'11t1m'jil'W'Yl'°½vlmm1" 1,,, qji tt' flmmilu ffn0'U 'Yl'°½ v11Jrn fJmg fl l>i'o.:imifoumrvii½ t1 . ,, 
i'Wfl1'jVijtlff'11tl LflHffrH L1J1"fl'1 CM.:JUllflfli½t1,1U'Ufli.:iflci1J~ij hlil 

q • 

3.1 Hydrolytic Bacteria 

1il'Wuur1f1i½ ti~ hii -No1mrri 'Ufll'jVOt1ffmo (u1u1\Pl1-J, 2557) ~.:iu1Jr1f1i½ ofltj1Jd '1::doomnt1 

ffl'jfllA'Y11u1m.:iffrN LlJlclfJclll-Yqj l'lflA r11f11/lg1~'j\PJ 1u'j9ilJ ICJfcl~ fan iifl'WlA 1rn::i,nru 'lttfl"1t11tl'U 
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ffl'.i O'W'Vl1 vmri1d 'il:::~fl!'j :Ji.lijm en lfHJW'W i'lflJ(Extracellular Enzyme) l'lf'W i,ui.l ,Yi 'U'.i~Wff mi~ 

t'lfclclmff fll'.i tievffcllfJJ'W91f.l'W d1il'W i iJ 1~~11md'.i,fo~1n'fl i 'Wm1tim.1ffmv'll twf91o~rn.Jl:J'U'.i:::U1'Vl L'lf'W .. . 
191o~h.1~iit'lfclcl lclff '\11v~iiilfl'W'Wtil'Wf.l:Jfi1h:::flf.l1.J u1.1t1'vii'½vflri1Jd'il:::1'il1U.119i1.1191 iM1~rh pH flm:J C'l 

q ~ q t.1 I 

Ucl!::ff71Jl'.ifl'Yl'U9if.lfl1'.il'U~tl'UU'U'1:J'UO:J pH i'W'.i!::1.J1.J ~:JffllJl'.ifl'Yl'Ui~,h 4.5 

3.2 Acidogenic Bacteria 
V • 

u 1.1t1 'vii½ v fl zj1Jii 'ii::: 'Y17fl1 '.i tJf.ltlffft Wfl ~ 1 fi ff fl '.i'fl e:::iJ 1 'W uft~ m 'fl i 'll JJ'U Yi i ~ 'ii lfl m::: 1.1 ,'W fll '.i 

itJ l'fl'.i i c1;ffl i1'flmmil'W fl'.i'flO'W'Yll a l'lf'W fl:::;191'Vl 1m~ti:J1n'flt17'lf1.J1:J'lf'W'fl t'lf'W n1'lfmf 1.1fl'U i'flf.lf.lfl i'lf; 

uft:::n1citi8 hm'il'W itJm11'il1ty19iu l91'Uf.l:JU1.Jt1Tii'½vflzj1J~ff!Nm'fl 1'flViY1'W lmymf111:::1'il1qi19iu 11Pl i~~ 

l 'I-HYm1:::t111m iJ'Um'fl mm·rn'Yl'U9iet1111J1il'W m 'fl 1~ 

3.3 Acetogenic Bacteria 

u 'lJ fi Yi 11 t1 fl ri lJ rl 'ii::: vi' 1 fll '.i tiv t1ff m t1 m 'fl O'W 'YI 1 t1 '.i::: m t1 ~ 1t1 l ,r 1 ii u fl::: cu191 'VI ('LI 1'W f 91u,255 7) 
• 

u u t1'vi11 Vfl rilJrl l f.l:J fll'.i ff m1:::~iit1111J iu tiv tl'Uf.l:J 1 o 1 'fl '.it 'il'W ~ 1 ffl'n i' u i 'W fll'.i tJf.ltlfft'l wm 'fl V'W 'Yll v . 
• ' V 

nm v~w u9i'vimt1 llmn1:::'viiit1111Jiutiot1'Uf.l:J io l'fl '.irnu ~~ vi'1 l ,r fll'.ilfl'flf.l:::;11P1'Vl fl'flft~uc,:::m'.ii.:i~'U 

'il:::~mi.l~v'W i 1.hiJ'U m'fl 1 V11vi1 eut1ii1'vi1t1 uc1:::rn'Vl1'U f.lfl1J1flfl11ii1'Vl'U vi'1 l i1'1:::uuiim'.iff:::ff1J'llf.l.:Jm'fl 

,=:ii a f/ ~ d d er. cto' , 1 ' .d 019'• 
OlJ'VlWlJlfl'UlJ llJf.l'.i!::1.J1.JlJfll'.iff!::fflJ'Ufl.:Jfll'flf.l'U'Yl'.itllJ7fl'il!::ff.:Jf-lft9lflfil pH 'Ufl~'.i~UU 'lf~'Vll '\1fil pH 'Uf.l~ 

. ' ' ,'l O l " Cti dll) I I d ,d I d j/ .c:t ,d d I d ,, ,::t 

'.i!::'U'Uft'fl ft~ 'il.:J'Yll 'nlfl'fl ff fl11!::'Vl llJl'\1 lJl!:: fflJIPl OU 'Ufl'Yll '.i tlfl "JlJ'Ylff'.i NlJ l 'Yl'U U 'Ufl'Yll '.i tlfl"JlJ 'YI ff'.i l~lJl'Yl 'U 'ii!:: 

.,i IIJ 1 .d "" .N l 1 lY. 0 l " .. ., ' IIJ 1 ~ .1i O l " .... .d 'fl.:J 10 'fl'UHl'U'VllMl'UlJ l.11:::1.J'U ,J 'If 'Yll '\11:::'U'UlJf117lJ'fllJtltltl'Uf.l.:J 18 'fll\ll.1917 'lf.:J'Yll '\11fl'flfffi11!::'Vl 
• V 

l '\1 lJ 1!:: fflJ9i f.lU 'lJ fl 'nl1 tl'n ff! 1.:.1 fl'.i 'fl fl zj lJ ii 

3.4. Methanogenic Bacteria 

~I .c::ld d O GI i Cti <;'I d Ji dd I A' 'JI <:'I 4 d~ jl 

lIJ'UU 'Ufl'Vll'W'Vl fflflt'\! l.J fl1 me, 91 fll'lf'lf1fll'VI cif ~U 1.Jfl 'Vll '.itlflj;JlJl.J 'ii:: ff '.il~ fll'lflJI 'Vl l.J 'il lfl Hft'Yl I 'fl 'ii lfl 

m:::1.J 1'W m1 o:::; 1 'fll 'illu;mm:::m:::1.J1'U fll'.i e:::; L 9ll 'ill'WCJ1ff 1 'fl tlfl 7 '.i 11.l~ vu e::: CJ119l'Yl l ,r fl c, w1ilu n1C)lii t'YllJ 

LLll:::mi'm:iu 1~oon 10)/; U1.Jflfi11t1ntj1Jdvo1.11111~onm'Viu1~~m.1~1,J~v1.1uiJa-n1dHmmit.1 fi1 pH 
' V • 

~W'\1IJJJ 1m:::nfflrlqj~f.lf.llfllff U1.Jflni'½vflzj1Jii'il:::l'il1qjl911.J l91 ,~n'.i:::iu pH lV'Wf1'1H'\11 f.l'lf1~ 6.5-7.5 

d_l r:, ct 

4.f.l~AU1!::fl8'U~8~fll~~lfll'rt 

<:>) .. • , " <:>) "" ' l ' ?I <:>I .. d = IIJ . . , 
fll'lf'lf1fll'Vl11'.i:::flfl'UWJVfll"lf'\1'11fJ'lfl.J'fl ff1'U '\1qjl11'UfllciflJl'Yll.J (CH4) 50-70% lJfJW'CYlJ1.J9l~'fl rn 

.. IIJ 9',d O IIJ . 'l " ?I ., IIJ " <:>I .. IIJ , .. ?I 
9l'fl l'fl'fl ff71J1Hl'I-J1 llJ 'lHIJ'U'Vlcl~~ll.J'Yl'flU'Yll.J l'fl llft:::fll'lffllHJfl'\.J l'flf.lf.lfl "lf'fl (CO2) 30-50% IIJ'U 

ii1u1h~flf.l1.Jrn~ iirjtufflJmtil'UnlCJfl~OV ,"9\'fl i'W ff1l.J~m~ifl1ilun1'1ftw1 l'lf'\.J llf.llJ llJLiiv (NH3) 1m::: 

imh1ilu~'\.J l'flVlf1iiJn1'lfi1m'VI 1 ~fl1Jlfff1llJ91'.i ~,J'.i:::flf.l1.J~1Vff'flff1'\.J'UU~fil'lfiil'Vl'\.J 60% 'iJ:::ihh 
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t1111J!m.J1h::mw 21 tlJn::~c,~{)~nrnfl'ntlJ\Pl';j ~~tnornl'i1J1tl'i.1~tCJfcl 0.60 il\91'.i 'tt•foJ1lJ''IJm'IJci'IJ o.67 

il91'.i l116J11T'\Jt\Pll 0.55 ~\Pl';i l116'VHl~~l'\J ivJ~1 1.2nlc,191l'J711m l11{)fl19f'Yl~,lJ (LPG) 0.46 nfoni'lJ • 
l116 i1Jvh.1 1.5 nlc,ni'lJ i~m..-.~ 2 

a, d./ "> d./ ,/ 
ff11{)'\J'YIW + ~cl'\J'YIW ~tCJfclcl + Carbondioxide + Methane+ Ammonia + Hydrogen Sulfide 

,:I "' "' ,&,. ..... ' _1 ,Ji ,Ji i: "' 1 i: 
fll"lllJtl'l'W'U'HfVl lilJf,}W n'lJ'U911'Ulffllfllfllfl'u';j::lJltufl'.i •rn'W~ ('Wl'Yl'W fl lJtclfJl;l 16.04) 1;1::mu'W 1 

"1 'JI d d 'JI "1 I d , ldd , '"' .,\ I ,:I "' ,Ji ?I ,:I ?I ,:I "'"' .,\ d 'JI 
l 11 t-V.0~ tel mm tJ llJlJ'Hl lJlJ ff lJlJfl cl'U ff1'U fl19f'lf1fll-V.9f ~11J'\J fllttfHfflJ {)lfllfl'l lJ'U fllC)j'YJlJfl cl 'Urn fl'U tW 

tfl1!\llfl in 1~'.il\l'U9$1;l hM 'VHJLHl 111iru~1'.i::mviu f.J~ti'u'.itfl{)'lJUl;ltfJWfflJm\lf.l~fllt]f;1fllV.ltn'11~ ,~i~ 

91nwvi 3 un:: 4 

fl'lfl"!etiai (LPG) 

0.46 iit..n,., 

J1tJu.ih,11.-
0.60 , ... 

J,aJu\ .. , 
0.55 ;;.,, 

i.;;:.,. 
1.5 iitt1nlll 

ll
' 

.J , d QI d,=s " 
ill't'tfl 2 film n t)fll';j 'Vl~lt'Yllrncl~~ l'U '\J {)~fllttf'lf1fll'Vi 1 clfl1Jlfl'flllJ\9l';j ., 

I 
q QI QI QI " QI nin :m1J'Viffl'Wl'Vi1;1~~1'\J'Yl~u'Yll.!1m::olpmrnn~nu (2555) 

.ct " ... I c:-J ~ 
9ll'H:.tfl 3 {)~flu'.it fl6'U\16~fl191'lf1fll'Vi 

t'Hftt.h:mtltJ ~8tJQ:: 1~tJtn"1911U'tt~ 

"' 60-65 lJt'Yl'\J 

mf 1Hl'\J ,~f.Jf.Jfl ,C)f; 30-38 

1'\J l91'.il\l'W 2-5 

f.Jf.Jfl~l\l'W 2-5 

cir1;1 ivJ;, i~cir1;11vJ;, tlJf.J11lflUl'Yl'W 1rn::tu., 0-1.0 

U{)lJ LlJtUtJ 0.1-1.0 

16 !11'.il\l'U 0-0.2 

,/ , ,/ 
fll'.i'Uf.JlJlJf.J'\J0f.Jfl t]f~ 0-0.2 

a .,; 
fllC)jt)'IJ"l 0.01-0.6 
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t)~t11.h::fltl'IJ ltlf.lt'I:: 1~u.1m1Jl Vl'lll'tt~ 

~W'Hf.JlJ, v -unvh11-ui~1o1 100-120 

I 0 

fl11l.Jtl1 ~ 'il ll'Vl 1:: 1.02-1.06 

.l 
fl 11 lJ 'lf'U Saturated 

1 9/ d d 

mr111lJJ V'Wt1'~, 'IJVI Wo'U.lJ. 400-555 
I 

nm :01lJfl1'Uf.)lJlJc1~1:I (2544) 

ct a.-:. 'N d d Cl/ ,::,, o 

m,Hn 4 f.)WfflJ'U,l'U V~f11t]f')f'Jfl1VfYlfffi11::fl11lJ~'U'IJ1ltllf11ffllcl::~w'l1fJlJ O C 

... "' --'ti\lvl,i8~fll0Jr/f.)Wtr1J'IJVI CH4 CO2 H2 H2S 
I ,, d 

fllfl11l.Jlfl'U (tl.Jflfl::~cl) 35-64 - 10.8 22.68 

ir',iri11.J~~ l~ (% l1.J01mff) 5-15 - 4-80 4-45 

fJW'Hf.Jil~~ h i ('c) 650-750 - 585 -
.... ,J"' o' fl11lJfl'Ut cltl'Utli:ll'U:: ('U11) 47 75 13 89 

fJW'l1f.Jllll1~t11-ln'01'U:: (°C) -82.5 31.0 -240 100 

fl11lJ'l1'Ulll'U'I-I (flfl.J/am) 0.72 1.98 0.09 1.54 

fl11lJ~fl11lJf ti'W (n1n~n/lJ,
3 t c) 1.6 1.6 1.3 1.4 

I 

_Qf u d4 t A f:'f 4 

5. u~~f.lfl1JNDVl8 fll'lNDVlfll~ 'ti1fll~ 

5.1 tlW'H,Qiil'Ufll'll~'U'l::'IJ'IJ (Operating temperature) 

ll.J't'll 1 'Ul'1'U iiimm'iOVl'U~fl~W'Hf.JlJ~~llJlfl'tt~fltT~lJlfl ,, ~1'111fl~W'l1fJlJcl~M~lfl11 10°C 

II tmn11 m1::11 Qfllii~l'U f.JW '11 f.Jll'l 'Uf1111~'1.J'j t'U'UU1.h1tl'U ffij~ 'j t'rl'U,1llH1iliff'Ufl~llJVl11 \Jl'il'U iiun llJ 

19f~iin (mesophilic) un::1'VltJ'f1lJ~flfl (thermophilic) 

- flW'l1flil~mm::~," 1CJrvHln Yi1~11-1i~; fiviJ1::mw 20°c - 45°c 11~~mm::m.1~irnfiv i 1~ 
~ ~ . ,, 

37°C - 41 °C hu.1l'U'lf'NfJW'l1tJll'lt 'rl'Uijllt.1flniluri1-u'lmy'lm1~l1lJfl'il::1tl'W1lJ 1CJr~iin 

- IVlvflJ.JvHin 'Vll~l 'U iAAi'W'lf1~tiW'l1f.Jll~tT~fl11 iflt1tiW'l1f.Jll~l'l11J1::irn~"J',lftOth::mw 50°C 

I Q o 'I <> d .I "J,Jdl 
- 52°C U,JflffllJl 'j(lVIHl 'U l'U~W'l1f.JlJVlt1~'U'l-l l (l~ 70°C 

U'Uflnll tlllJ 1 cii~iim!1.Jiii11.J 1\J n-ili~mflfl111Vlfl filJ~nfl 'U vrnn n rlJ~mmrnVl'U~flfll'j 

1iJ~u1.JuiJc1~ 'U ~Mff m'Vlu 'J,l'1 UlJ i~~n111V1 uf111~iiniini1u vh 'l 111 :: 'IJ'U'l11Jnn1'lfi1m'Vl~ l i1111 'lf~ii n 

ct I I ct .... ,.Ji I 'I "" 'l" .... ~ ,. cj ? I I I - I,.,.,. I 'l ,, 
1'1.Hl tl1fl11 U~'Uw::1,iu1n'U f.2Wl1 t,JlJ9f~\T~fl11 l 'I-I 1::1JtJl'l 'lfll'l01 llJTiclflflllJ\J fl11'lf1UIH IJ{)fl1 tlltl ~i;.in '11 
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QI ,Q w I 'j/ d d 'JI "'l !:'IQ t:!t t::1 j/ '1 ~ QI ~ 
tl ~ '.i 1 fl1 HHWI fl1 C)l' \f-:1 fl 11 'U tl I mrn fl 'U tl 'U el -:i'.i ::; urn 'Yl el '.i t lJYi '1 fl rm fll '.i 'Yl ~ el -:J 'lf l'i '1-:J-:Jl'I.Hll fl fl1 U 'U el fl lJl I VUJ 

'' ')/ '1 ')/ 0 '1 ')/ II) ')/ 0, ""' 0 ' 

fl111J'.iel'U '11'.i::;'UlJ 'Yll '11ell\l t~l'iM-:Jl'UiJ''Ylti'Yl~lf111 

~I I 
5.2 fl1UJtu um~-~1-:J (pH value) 

1 d d '1 -:::ii<:'/ d. 4 I I '1 QI Q.I ~ I Q.I I 

fl1 pH 'YltmJ1::;iYlJ'VliJ'~ 'Wf11'.iH'1~f11C)j''1f1flll'ifle)'.i::;1111-:i 7.0 - 7.2 fl1 pH 'I-J(M'l1l.Jfl'U'Wel~fl1.J'ln-:J 

0, ')/ '1 I d d ~ 9) 'J} ~I O O 'I 3' I 

'U el-:! fll '.i '11ll fl~1U !Yi '.i 1::; '1-J '111-:JU'.i f)ll1.Jfl'Yll '.i U'Yl ff'.i N f)'j~ \'I::; ff'.i 1-:im ~ llJ'W \l 1'1-J 1'U mmrn::; 'Vl1 t '11fllpH'1 ~ '1-:J 

~ jl ~ t d t o., t d .cS QI ~ dd d d 

C)l'-:Jtl1'111fl pH '1~'1-:J~lfl11 5 fl\l ::;11 ~~m::;1.J1'1-J mwumm::;11l1fl'Yl-:J'l1ll~l1 '.ielelfl'WU'11'1NflflelU1.Jfl'Vll'.iU~W 

ll.l'Yl11-urn-ut!miuu1111~elfl17ll1~-um~~1-:imn 1m::;\l::;i11rn1tl}t~1.J l~mfl pH J1ni1 6.5 'tmh-:ii1u'Uel-:J 

')/ ')/ .x ' II) 'i ,d ~ .x .Ji ' '1')/' 
m ::;1.J1'Uf11'.i fl1ll.Jt'Ull'U'U'Uel-:J NH4\l::;l.Jlfl'U'U~lllfl1'.itlelUff'1lU t'U t~'.irn'U'Ylll'ill'U'U C)j',:J \'J ::;iY-:JH'1 '11fll pH 

t~ll 1~uei1\l1n-u 8 \l-um::;l'f-:i'.i::;uuHftm~lliir111mfft1U'.i pH \l::;el~'.i::;1111-:i 6.8 - 8 
., 

V .c:...q,4 
5.3 t>fltlUlUVI (Alkalinity) 

tll tfofl lft'Ui '11ll lUO-:Jfl 11ll fflll 1'.i fl '1-u fl l'.i i' fill 1'.i::; ill fl 11lll~'U fl '.i ~-~ 1-:J tr ltl10'1fl 1ft -ui J 1 \'I:: ii 

uu11 'Wllttlum~ ,~~lt.ltl10'1fll~Ui~mm::;ffll~t)'.i::;1JlJ'l1lJfliit111h:::mw 1,000-5,000 iic1ilfli'l.J/nm '1.u 
- I "' o' Ju'lltMUfl'11C)l'Ullfll'.illtll'W~ (CaC03) 

Q d. ti ' 
5.4 fl":i~tlUfl 'lf.1 '1:::l'ttf.1-:JUJ (V olatile Acid) 

fl 'j ~fl'U 'Yl1 V'J ::;m U~W\l::; \] ml, i 11'1,n,-iuu 1Jfl'Yh1 ffW 1flfff 1-:JfllC)l'iit'Vl'W u~tr1 '1.rl11-nu \l::;1n~fll'J 

1;1'::;ffll'UtNm~ri-:iH'1 'tttti1 pH '1~ '1-:Jl11 itttn~oum1u~uumrvi(1u 1~u..t1 itlmmwm~V'U'Yl1tJ'.i::;mu~w 

'1.url'-:ittlJfl lllfl1'.ilf1'W 2,000 ii'1ilfli' wil~rn~ell\l'Yl 'W i~o-:i 5,000 ii'1flflll.J/ft~'.i 

5.5 O'l'ltll't'l11 (Nutrient) 

ffl'.iU1'111'.i~U1.Jfl'¥li~-u~u-:inn l~elfll'.i l\l1tyt~1.J 1~ 'Uelf11l1'UU itl\llflfllf 1.Jtl'Wlrn::; Lg t~'.il\l'UUa1 

u-:iiii-u l~'.il\l'W i'mvJvf 'Wtlff'Wtl1ff 11.lu~m;[ll.J Uflm;Ull 'Welfl\llfliiniitilloJ~'1ll~'Wi'Wml.JlW'WtlUl.Jlfl'7 

l'lf'W m~fl Ull-:JfllUff flll~h!ll 1:Y-:Jfl::;ff lflllel'1t ;ftlUVll 'tl-:J lff~ 'U 1rn::;u1n'1 l~'U~'U U~'UU::;U'U'Yl1o 
I ,, I ,, 

l ,JU't11 i U \)::;ii ti lloJel 1'111'.i 1'11 ri1u '1 u '.i ::;i1.Jn ffll,J '1l'i ell'Vi u-:i ll'i'.il::;'1::;'U 'U i 'U fll'.i '11lJfl;-:J l ll '111~'1-J ~tl-:Jl~ll 

m1vm11'1w1 n-:iiiJ 
., 

5.6 IJl 'lfJ1.JU-:Jm:i:::u11-rh 1 (Inhibiting and Toxic M aterials) 

mnY::;ffll'llU-:Jffl'.i1.JN'lf'U~ t'lf'U nm l'lllJ'U'.i:::mui~ Lg 1~'.il\l'W 111u1wll tll1i1u nllo-:in1~ • 

d d (V ... . I o' i d ' ,., .c:. l d d ' Q/ I ,, ... F-
lll.Jfl'I-JIC)j'tJlJ C)l''1111U'.i Utlll tlll'Utlll ffllll'.ifl'1f1tJfl'.i::;\PJ'Wfl1'.il~lJ t~'Utl-:Jllllfl'Yll'.itll'lf'Wfl'W u~m'l1lfl1J'.illlW 

t!'Ulllflfi\l::;'!l-:iHmtluvi111~ tlfll911tlV1-:Jl'lf'U UUll imiiui-ummw 50-200 ii'1~fli'll9iti il~'.i \l :::1tluH'1~ 

'!f1ui-um1rn1tl}1~111~'llt1-:iu11r1-vi(1u u9i1rlu i~~r111m,i'mi'-u'llu~1rnll 1muu~-:in11 1,500 ii'1flfl1ll~Uft~'.i 
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n11 :::i~mY~r-nuuv i'W'Vl7~1~tJ1fi'W l'1'11:::'11'WfliJH'U':i :::!fl'l'l l'lf'W mMU,M t!lfi'1 lft11iimJ ff~fl:::U \91::: A-11rn::: 

~'W"l i u m mw~tl' fl tJ"l 'lf1tJ i um11111 tljl~iJ l\9l'IJO~UiJftl1~ tJ U~lriVft11lJl'UlJ'U'W~ ~n11:::Ltl-wvh1 

5.7 flllfllJfUflil (Mixing) 

fll ':i ft '1 f1Lft ~1\91::: flO'W J1 1rn:::m':i fl'W'l'11 ti' 1tlu ,h-w~rl1iwo flff1'Wl'Vi':i1:::11:::vi'1 i l1UiJftl1~ tJfflJH"1 
• u 

nilm':i 6'W'1'11t'l~miwvf 1()~ vi'1111u1Jftn~vvi'H1-w i~od1~iiil':i:::ff'l'lll m'V'lmfl~'W ri ~H" 1 ttfll':i ln11n1&Jf111 

J J J' .., ?'I .., & "l 'U ' 
'IJ'W lm::: lJlfl'IJ'W 'W Ofl 'i'llfl'W tJ~lJO~fl'W fl1';j\9)fl\91:::flO'W!m:::11 :::flO'W '1 fl tJ (scum) &Jf ~11::: flfl'W fll 'i'l 'i'I ::: 1 fJ fl'lfO ~ '1'11~ 

ffTl11'1J1::::Ultl'IJfN111l;l1'i'llflO~ 

5.8 fl(illlil'1Uflli'U0UPi0iu1(il'H'\lU (C/N Ratio) 

0\9'1':i1ri1t.1'1J o~mf 11o·u ~ o 1-w l\9'1':il'i'l'W'IJO~'IJtJ:::ot.1'1'15rJ~mmn11iH~\9ln1&Jfinm'V'lfioi~u~ 8- 30 

ll~0\91':i l ff1'W~mm:::"1lJ~ffflff1'11i'ilfl1H-l~\9101&Jf~f1fll'ViflO'U ':i:::mw 23 010 11':ilff1'Wfll f ilo'W~ O 
• 

iu l \91 ':i mu ~ ~mfl i u 111·n11u 11:::~m1JV111 m11ut11 i i11 'lr'1~m"111J 1111~'1.J 111i1Lo~uo:::'i'l:::tt1J11od1~':i 1,u11 

I 1"'1 """ !II 'Y! ~ d O 1"'1 1 ct iiJ ... ?I ff~~rn 'H !flfll&Jf'WOtJ U\9ltll'l11fl C/N ratio \911lJlfl"l m:I:::'1'11 '11 !'W 11':il'i'l'WlJlJlflU'1::: 1fll t fl'Wl1J'W 

UOlJ 1mi1v UOlJ llJl'UtJ'i'I::: l'Ul~lJfllpHcil~ol'Hlflfll pH g~o~ 8.5 n11:::ti miluvhHilJU1Jftl1l1tJ'Vll 1l1\Jl'W1'W 
~ ' 

llJ'Yll hH'iJ'\.Ji;l~j;j,:j 'WOfl'illfl'W111fl C/N ratio t)~'WOfll11'WO'il1fl'lf1-:.t 8-30 'il:::vi1itt'iii111ri1t.1mmrunl"lfl1l ~ 

?I °""" I o' i "J o' J 
l11'Wfll&Jffl'W"1l'lf'Wfll':i 1JO'W ~Oflfl l"lfflg~'IJ'W 

"" -d'111111 rim 'V'l1:::11ft 1wiio1111ri1-wmf 1Jot.1~o iul\911111-w ~m m:::fflJ~trn ':i ~M" ~mn i ~uri 
~ . 

'Vi1fl~Ofl'ilVfl Hfl9l1l Lm:::m''l:I07'117'l 'IJru:::~vJHiio11'l1ri1umf 11vu~o i u i11'll'il'W~flv'W-,i'1-:.1'il::: g-:.1 v,h-:i h 

0\911lJ"1llJ1':i O'U 11\91Q~1J~iio11':ilff1'Wfllf mJ'W ~ 0 i 'lJ l 11'H 'i'l'\.J g ~lJ 1HfflJfi'IJ19lQ~1J~iio \9'1 ':i 1ff 1'W fl 1f 1J O'W 910 

i t.1 imL11t.1~1 i¢i 1vlo 1'11"i¢i111Q~11~iiom1ri1t.1mf11v t.11Pio it.1 imL'ilt.1~,0-:.tm':i 

_P- 4C\ teJ J V ' 
5.9 u 1moun101.nntu'lll9'1:::'U'U (Loading) 

mmru "11':i fl t.1'1'11 tJ1-,i'1g':i :::1J1Jflfl llilJltU "11':i flt.1'1'11 fJ~l ':ill~ lJ i ffO~'HlJfl i 'WUIPil;lt1'W cil~0 1'11 1fl11 

mmw~L':i l l~m ! t.11J1mnt.1 itJ 011:::ri-:ir-rn 1if ri1 pH l;lfl'1-:.tmmnt.1 iih~v-:.t'illfl 1t.1i1-:immrn-:im:::111t.1m':i 

... .. J O 1 !II Y! .,j 1 & d. J' 
tHl acidogenesis nm 'il::: ~ flH?Wl'IJ'UlJl 'O\.IYll l17 :::'U'IJTilJl'YI n 11\.16-:.t 'ill fl llJ'Yll \.IL 'il'U 9l 1tll1 lJ~ "lf-:.t'111flff-:.t'W 

.Q ~ ~ d ,, ~ ,, i , , .21 .. ~ .Q ,d ~ ,, , " t:'J .J .,Q i jld 
lflfl'IJ'W 'i'IH fl 'i'lt 11tHl'JlJ\11'W ':i :::1111 '11lJ'l1lJfl U\9ltll'l11fl1J';jlJ1t\J i,'l'jt)'\.J '1'1W1 'IJ1g1:::1J1J'W 6tJfll"lfmrn11 flfl'il ::: 

UOCJ111lJ itl~1tJ l't11fi'IJ11 liil~l~ 'W'.i:::'U1Jl~lJ111lJfl1if-:.tfl1rnil11 l'i11 tt'o-:im1'nii'll'W1~ 1 m yinu i t1111t1 h i 

\J7lrJ'W 

5.10 1:::t1:::rJt'llfll'HlfUfl'Utfl18U'fl1m-uo~'ti1Jfl (Retention time) 

1:::tJ:::11l;ll i 'W fl 11 nmnrnn1 fl 'W '1'11 rJi 'W 0-:.t 'HlJfl~'W t1 ~fill m lJ ltU trn:::'U 1 t lfl'l'l'IJ O~ffl':i fl'W 'Vl 1 rJ~l~lJ 

1'U1 i tJt-:.tiitf m1w:::1rn:::~w "11Jil~~u11n~1-:.ttiu i tJ 111J()~Jilu 1111'1Jo -:.t 1:::111Jo-:.t'l1 :Jn l'l lm :::v:::11m i um':i 

tim n 11 Ju, u n,i::: llJ'Vi Offl'H f rn11lftfh1 tJ~ ,i::: Hii\9lf1191;1111'V'I 'W Ofl 'i'I 1nrlu11ftl1 ~ mr~ ,J :::onriwoon 'i'l l fl 
~ 
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i i¥i1 pH 1 'Uoinnrn"~rn-3t'U 'IJWtl~t11n'U f11'j~ jtt1::nmtimih.1'Ul'Ulfl 'U l U\lt 'Vll i i1n~ 9ltf1tl'U'IJ0-3 

m j ti'Uv11 v~umrvi~ vtiomrn1vu~1ff::m.1oti'Vi'1 i ionnjnihim~ 1 mui~v iii~11il'U ':i:: t1::nm i 'Ufllj tin "' ., 
d 1 9 ' ... I QI ,:f I QJ ,.Qf QJ I d. I Q 

lfl11ff1'W t'l1ty\lt 1J':it 1J1W 14- 60 1'W '\JlJO~fl11IJ\l\ltl9lW'l flO m Total solids content (TSC) ~ W'l1 f.]1l'\JlJ1~ 

1m::U'J t lfl'Yl'\J0 -3 digester 1m::mmw i1'7jfl'U'Y11 fJ~l~lJ ':i :: t1::n"1 'l 'U fll 'Jnmnm! u 1il'U i 1 ,j-3i11U11fll1~ ti 

,id :i,}1 911~'U1tJ1vi111-d hw 1iiflm':i 1~1J orn n 1 ~ 0-3 ,11 m :: v ::n " lfll':i ti mn'Utl' mrn1vo -31:: v :: n,n ~ 

u 11fl11t1 vlPi' 0-3 fll':i 1~odot101111':i 'l i MlJ,t 11-3tl' 'U1rlo l M 1 nm11~u 'UflTit1 tJU-3 tiovo rn 11 1iiM 11~ nM 1J1t1fl 1 111 

1 11111fll1!1 tl\l :: U-3 LU9lltl'illflfllj'\J Wl01't11j 

5.11 uhnW'Uf>,:m'l'i~ (total solid content, TSC) 

4 d~ ci. t:'ld •?1 a, d 

Solid content '\J0-3i1'1':i O'U 'Yl'Jtl l 'U fll'J ~-rn9lfl191'111fll'Y'IU11-3l IJlJ ff0-3'.i t ~'Ufl O 

.F- d I 

-High-solid (IJ'.ilJ1W'\J0-3U'\J-3\J'-3) TSC g-3m1 - 20% 

-Low-solid ('m1J1W'IJ0-3U~-3J1) TSC J1n11 - 15% 

0-3't1 lJfl~OOfl11'U'Uil't1l 'U1~mn':i virn1 tJ high solid 'il t lPi'o-3 '1 'li'mf -3 -31'Ul.Jlflfl1 1 'l 'Ufll 'j gmfi 

t .,j '1 j/ j/ !/ '1 a, a, t ,K ,.i ""'1 jld jl 
9'1::flO'U (s lurry) U9ll'\.J0-3'illfl 'U'J::'U'U high solid fl11lJ1'lllJ'll'\.J'll0-3'\.J1 'Ufl-3't1l.lfl\l-3fl11 'Yi'U'Yl'YI 'llfl'il::'UOtl 

n11 i'W'Yll.:imi'Utiu o.:iMlJfl Low solid n'll.Jl'Jfl 'l'li'1t1io-1gmhtf 1111~'l'li'm,.:i.:i1'\.JUOt1fl11\l'UJ191::nou u~ 

n9f o .:i i 'li'~'U ~1J1flfl11l~ o,:i,:i1mn 1J19l'J~Off116'U 'Yl7 tl~l~l.Jl,i'l l 'LI \1'-3~\J ~-3fl11~tl 19'1 ::flO'U iifl 11 JJ 'l fffl11fi 

O '1 'J/ d a., d d Cit. ,d ,/eJ, J d d d 

Vil 't1 fll'J 't1 lJ'Ul 1tl'\.JUi:l::m:: 'ii 1tl9l 1'1J 0-3 'll0-311 'Ufl'YI l 'J mrn::m'J O'\.J 'Yl'J tl~'IJ'\.Jllcl::fll'J 'YIU 'lJ fl 'Yll 'J tlff11Jl 'J fl 

QIQI ~ do' I ~ &d, 'l,, f 4 (/1 c:tJ 
ffl.JNffffl'J O'\.J 'YI 'J t10t11-3'Yl1fl.:ifl'l11t1 Mfll'J vomm::nn Ni:l9lfl19/l n'lltt 

6. 'J::1J1Jfll'J~t>tliYilU.1UtJ1J,'JJ1Vt>lfllt1 

"' ~ j/ o a, I II) ''l " j/ "' '1 j/ o a, 

nn rnon t 'll'J ::111Jff1'11 'J'.l.lfll'Jt10t1ff"1t1u 'U'U 11.J '1101fl1!1 'il :: 9'1 o -3mo m :: 'U'U 't1 mm::fflJfflM 'J'U 

m 1 tiovffmmm:: 'l Mmm::ff1Jt11J19'1QU'J ::ff-3fl'l u fll'J do tiff" w ~-3 'ilt 'lf1tl 'l iJ fl n 1 ~lJ'LI'J:: ff 'YI llfll'Yi'll 0-3fll'J 
JI 

N~ 9lfl1919f1fll'Yi i~t11::'U'Uff11J1'Jfli1uttn 1~ 3 u1::mV111-3i1 

" 6. 1 'J::'U'UU'U'UU'U'Yl'll (Batch Operation) 
QI d 4 Cit. d ,/ j/ I d t d Q j/ d 

cl flll W:: 'll 0 -3-:i:: 'U'Ul 1J'W fll'J 19'1 lJ ffl'J O'\.J 'Yl'J tll 'll 1 \Tl :: 'U 'Ul'Yi ,M fl '.i -3 l~ tl1 i fl tll9l lJ '111191 lJ'J:: 'lJ 'lJ i 'W 'llW:: 

11lJ 't1 (\-3 'ill ntl' '\.J 'il::urim.1 'l '11 ':i:: 'U'U~ 1l'U'Ufll '.i9l1l.Jf)j::'IJ 1'\.JVOtlffc'lltlffl'JV'U'Yll tJ ffl j V'U Vil tfi-w 'j :: 'U'U 'ii :: 

a, , j/ j/ • F- <:'/ d .. C> J .,j , Id <:'/ d C> J o I 

ff '3lfWI ~ fl11J 'J 1J1W fl191'111fll'Yil1lfl~'IJ'U l1J O 1JJJfl191'111fll'Yilfl~'\J'U 'ilt 'Yllfll'J fl1tl9l t fl f:l lJ OOfl 'illfl'J ::1111 

,, .c:i,, .c::t. d. fl' ,, 1· ''1 ' rl QI cv .Qr, ... le. ' -1 a Q 

1 rn 1 l 9'1 lJ ff n f:l 'W 'YI 'J m 'll 1 1J 't1 lJ 'J :: u 'lJ U 'U 'lJ u 'lJ 9191 m m :: fl 'lJ 19'1 Q ~ 'lJ " n.11 w 111 fl U 9'1 1J 'J :: ff 'YI Ti m m rn :: 

lffOtl'J fll'Yi'll 0 -3 'Jt'U'U iiifl-3~ l~ {)-3 'ii 1flfl1919f1fll'Yi~ 1~iifftl1lff1JO 

.di ' ~ 
6.2 'J::'U'UU'U'Ufl-39l0l'U0 -3 (Semi-Continuous Operation) 
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.o, d ,/ f .c::i. d c(,d I I g) & f .r.!l Q.I 

ill'J trU'Vl:i mm:::mt1m1tru'V11 tl'Vl m'U fl 11 t1 omrn 1t1U'11t1t1fl 'ill fl 1::: u11 1:::uuu uu m 'ilot'U o-:iann:::nu m 1 

.d Gt g) ,Q d ,I ~I ... I O d 1 O Q.I' .a .0. d ,/ g) 1'1 ... l <i\ d I O QI f 

'V1 l 'lfi'1'11tl'U 'Vl 1 tit 1J 'U 1J 'J::: 'ill 1::; 'lJ m 1:::'1J'V1 ti ffll111J1'il 1H1'11tl'U 'Vl 1 tll'U 1 l1J l 'U 1::; 1J rnrn::: 'lJ 'V1 ti ffll111J tlltl 
' ., ., 

ffl'j v irn1 v'Yi r,h'\.J fll'j Vtltl ff '1l t1llii' 1t1t1fl 'ill m::: 1J 'lJ l 'U d :::'lJ'lJ il 'ii :::nnn l~lJ m d fl 'U 'V11 VYJfl1'U "1 '1::: fl i'-:i 

~ I 4 d d I 4C\ .0. 4,' dd e!t d _d QI ~ dd 

'J :::umm 1J fl-111 tll'U t),:j 'lJ H'1,l'il t)fll'j Hl 'J ~m 'lJ t 'il'Utl-lU 'lJfl'Vl l 'J ti l 'U t),:j 'ii 1m:::1J'lJlJ ff fl11::: 'Vlfl-1111 C)f-!U 1Jfl'YU 'J ti 

1,dfJ,1,=s d t ~ t _d _,d ~01i/ <><> 1 .a~ d d 

fl" lJ VI ff 'J H 'lJ l Vl 'U lJ fl 11 lJ tl tl 'U Ll11 ~H) ff fl l'YO'l l 11 mm mfo-:i 'ii -1 'YI 1 l111 'J ::; 'rl' VI 1i fl l'W 'U m rn" 'ii fl1 C)f 'lf 1 fl1 'YI ~ . 
.J .f'= C'/ d ,:, .J I ~ 
'U'U U'1:::1JrnlW fllC)f'lf1fll'Yllfl,l'\llWtll-l'rl'lJ11U'lJ ti 

6.3 1:::'lJ1Jll1J1J~Ul~t1-:i (Continuous Operation) 

Q,I ~I Cl, ~ d ,/ gl ' ' I ~ .0, d ,I ' 
"flll W:::'U tl-1 'J::; 'lJ'lJ l 1J'U fll'H'il'lJ ffl'j tl'U 'YI 'J tll 'U 1 ~'j::; 'lJ 'lJ tl tll-1 'il Ul 'U tl-1 'il '1 v,inm ffl'j ti 'U 'YI 'J ti 'ii::; \J fl ti m.1 

irnw l 'U '111..:il 1ml1-CT-:ilrn::: \}fltlltltltlfl'illfl'i:::'lJ'lJflVH9ifll~ flWlf'U f)'U '!i:::'lJ'lJltu'lJ9i fll ~ tl-l 'il:::111::; ff'YI n fll'YI~ -I 

u9i1 'Ul1fl,:j'\Jfl..:j fll'j l~lJ ffl'j 6'U 'YI 1 Ul ,r 1 g1 :::um! 'U ffl'lJfJ lJ, ~ tllfl l~ fl..:j 'ii 1fl611 'j 1 fl1 'j l~lJtYl 'j ti 'U 'YI 1 u~ fl..:jfl..:j~ 

fftlllfflJtl 

I ... ""'d!fl ~ .... 
7. fl11tl8tliYi:lltlOT UJ'U't11tJllJ'UUtltl l tll'Utl 

"" d .-.d... "'11 'i11 "" ""llJ 'i ?I "'11 .,k I J! fflHl'U'Yl'!itl'Yl'lJtl-ifl '!i:::fltl'lJ'Utl-1 t '!i11'U'il:::lJ l'U l'il'!iHl'Ul1J'Utl-lfl 'J:::fltl1J C)f-!'il:::\)fltltlr.Jff'11tl~l1tl 

m:::u1'Ufll'!i itJ l,11 i"t1,ia~uur1'¥i11 t1'il:::tl1 i'U 1111L'il'U iiJ1.ri'Ufll'!ifff 1..:i1C)f"1rl' l'U'J:::l111-:im'!ititit1ff'11t1 

.<=t. do' d ~ d oiifa r;"/ ,I ~ 'lq ,It:'/ 1 d a, ... J ~ 1 

m rn 'U 'YI 'rn l11 fl lJ fl fl fl C)f l 'ii 'Ul 'YW-1 'YI 6'1::; 'Yl1 '11 lfl ,t fl1 C)f fll nm 'U l ,t fl fl fl l C)f ,i fl1 C)f ll fl lJ lJ l 'U ti C)f m TI 11 l m ::; 'U 1 U 11 

'HlflUtltlfl~l'il'U i1h~t1-l'YW l 'Ufll'!iVtltl'rl''11tl'rl'l'!i 6'U'Yl1 fJ 'il:::l'lllfi,t01C)ffl11'lJfl'U i,iflflf) ,C)f; OlC)fUtllJ 1lJl'Utl 

d C'I .. C'I 1IJ 'i <V ~ •• I .. "' d .. C'I 'i "" C'I i 'i ?I ii 
ltllJ'U fllcil'lJl'Yl'U fllcil rn 1,t'!il'il'Uci/'1 m,t 1m:::flrntl'UVl'!itl fllC)flltllJ tlJl'Umm:::fllC)f 'U t'il'!il'il'Ul1J'UH'1"3',t'Ylltl 

'Ut1-lm:::1J1'U fll'j Vtltlff'11tlll'1::: fll '!il11~ tl'U 11lmf-:i 'ii 1flm:::U1'U fll'j Vtltlff '1 ltl'il'Ulfi,lOlcillltl'lJ im U tll1 lfl hm .. 
fll'j irmf unuJ llltl'lJ 1mil tlfl'il::: 1:::m tltltiflgoimff u9i1 ,itllJlfl1rlotwlJ 1'1JlUtlff'lJ ff un11J lfl 'il:::u~1 'UJ 11 

1 
.. 1IJ 11.d 11 I ?I 1IJ f ... "" .. ?I 

'U v-:i u ti lJ mu t1 lJ 1 t1 t1 t1 u Lrn::: 'ii::: L "ti 'U l 11 tll 1J lJ 1 u l 'il 1 'YI fl '!i::: 1J 1 u fl 1 HI v t1 u '1 ltl -er n flu 'YI 1 t1 L 1J u 

UfllJ 1lJlt!tlU'U..:il1j'U 2 m:::U1'Ufll'!iflfl 

7 .1 lltllJ 1lJ'Wlcili''U (ammonization) 

Lil'W m :::1J1'U fll'j ll'J fl'\Jt),:jfll'j Vtltl'rl''11tlffl'j O'U'Yl1 v~ii 1lll'1fl'1lmyM1t11111~'\.J l ,it1uur1'¥i~ tlo/11 

m'!itivt1umt1 i1l:i~'U1rn:::tl1 i'U 111:il'il'U i1li-rlufln«!HLct1'1cf 'il'UHmt,iiw'Uv-:im:::u1um:i i~1iluLt1ii'U 

1m:::m,iv:::iJi'U 

Protein --? R-NH2 + H 2C-RCH-COOH 

(Amino acid) 

7 .2 lltllJ 1lJ"W~lfli''U (ammonification) 
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1~ 'Wm ::1J 'l'W m 1 ~ m ~ u ~ 111nu fllJ llJ'WI CJfi'W 1 fl uu 1Jfl-n11 U'Vl lfll'j fll'j tiumnnmu~mm:: m fl flt iJ 

1 'W i ,.f mn mil 'Wu mJ t lJI 11 m rn:: mm m:rnmi' 

R-NH
2 

+ Hp ~ R-OH + NH
3 

:', ~ .J"19k:s da , dd di 
m t 1J1'W fll'j 'YI~ 'ff fl~ 11:: tfWl 'll 'W 1 flfl 1 'W 'ff m1:: 'VII tlwrn 1~ mn m1'ff m1:: mtlu m fl l'W u ~ 111n 'ff m 1:: 

~1il'W mn~m.Jfl'Vi~ l'JffllJl'j(H 1llf;JJ1911J !\Pl,~~ 'l'fl U"tffl'tt i'1J'jt1J1JmTnn7CJf'M1fll'YHl1J1J iiii i'mmff11:: 

'Vll 1 ,.f 1fifltl{llJ llJ!Ul'J\P\flfi'1-:i 1 u 'j ::'l.J'l.J l 'V'I 'j l t 'll lfl{)Ufl~l ,l'U ffll1 i'rn'li'1 hhu~l'J'U nJuulJ llJLU milu l 'UI\P\ 'j 'YI ., 

'Wun 11 ind fll'j 1tJ~uuutJ" ~fJW 111JiJmh-:i'j 1f11~1,i::ij i:-i"~0fll'j ti0mrn 1u'ffnB'W n1 V'IJ0~11'l.Jfln~ u 

8. m ::: u 1u fll ':i m.ln1 mvt u0i1 hu iiu 
d ' d Q.I ,X 

m::'l.J1'Wmrnu'j'fffll'V'IUVlJ fo1uuu'l.J-:i1u 'W 2 m ::: 'l.J1'Ufll'jfl,:J'W 

8. 1 i 'U\P\lvltfl'lf'U (nitrification) 

1ilum::'l.J1'Wm'j~~m~u-:i111rn1m1111-wvl1fli'W tflui-Nmrn 1miimil'Wm'ji-:i~urirni'rntJ~uui il 

1,.f1iluuu111m-wu11 i0vuu l 'U tlPlf 'YI 1rn:: i u1mn 

+ • 
2NH4 +20H 

. . + 
2N02 + 2Hp + 4H 

2N0
3
-

8.2 ~l'U\P\lvllfl'lf'U (denitrification) 

1tl'U mt'l.J1'Ufll'j~Lnflfll'j1~hCJfl'UI\P\'j'YI 1,.fiilu l 'U l\P\f 'YI l 'U\P\11;1'{l{lfl 191; 11"tfl19f, 'U 1m 11l'Wl'l1 u 

i 'U\P\lflti0n l91;lflUi:-l " 'll tM l'W t\P\f n~infl imf tJ~rntJ l'U\P\1vl1mi''W 'l.JVHhu ,i:::uil'j2il1iluuo1J 1111-wuriutJ 

v , .ct ~ o'd t , v , d .q o' _ 1d ~, ,:-, tJJ ,- "I y 
l'lllt,"m::'l.J1'Ufll'j Hl19f{lflfl H 1rn::'l.Jl ~'ff')l.J \ltl'lllt,"m t'l.J1'U fll'j'j fl19flmtlll"l:J'UI lll-lfl19f l 'U l\P\ 'j l\l'U l fl 

lfll:J\91H 

9. 1!ifll'lflli vm0i11iJ!UU 

9.1 fll'j\P\ fl\91::nutJ tfluii'm'j1fln 

1tltJm::'l.J1'U fll'j 1 i'm11f1n1~1J"/hJi ml1 1v70 i tl-n1tlBmu1n1rn1'jm:mu~v~l uJ1 IU~l:J'U 

i 9/ 'i d~ f GI d t .d.:1 
'ffl'jm:mu m)~ 'UJil'lltM\P\::flUlJ fll'j\P\fl\91::flV'U'Yl1-:llfllJ 'IJ lJ0~fl'l.J'ff1J~"'Yl1,:Jlfl1J'IJU-:lffl'j "::"1U'U'U °7 'YllJ 

i-m~vnn"::mu i 'UJ1 fll'j\9lfl11tflV'W 'YINlflijijm::'l.JTW fll'j~11mn11 mu l'lf'W fll'j i i'iYn lflij~ 'ff11Jl'Hl'Vl7 

il~mu11 ,ium ~ n'l.Jffl'j~ ":: mmJ 11v7mil~ umilmn'j i 111i ~1tltJ 'ffl'j 11 'j ::n0'l.Jn 'fflJllil ":: m uJ 11 ~,r mm~ 

' ' " o19/ ,,. 191 "'"'oi9/ "" . I"' . I i o 1m::n1 '11\P\ fl\P\t nu'U 11 rn 'lf'ffl'j lfllJ n m mnflfll'j I u "u'Uu u"-:i ff1Jfl"'ll v -rn1rn ::mu 'U fll'j "::" ll'J'W 1 q 

" ' 11)•19' ollJ9'"' o19/"" ,,. . I"' "" o 19/ llJ m.lllJl'jf,rn:::mtJ'Ul lf1Ufl11":::'Yl7 l'ilflflfl1Hl fl11:::flU'U l'i'l'UllJ"UlJOWl'ifllJ'IJ{),:J'ffl'rn::mu 'Vil '11 q ., 
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fl17lJ ffllJ1'Hl 't lJ fl1'Hl:: mt1'1f'I '1-:IU'1::frn 1m~lJ 'UO-m~-:i ii-:11'1-J i,iv~ 't ifl1':i \Pl fl \Pl t flOlJ hrn 't iirTn riii 't lJ m1 

'1fl'l1~ Ofl1 ,if'IUOlJ LlJl'WtJ l'lflJ 'VMff'1flm (2555) 't ;fl11\Plfl\Plt flOlJ'U 0-:llfl~OUlJfl'WlcimlJ 't lJ fl1'j n1,i'f1 

110:iJ t1J1-wt1ilJ t\Pl11\llJoomnflJ11ilt1\l1flvJ1fo"J'mU'1::wiwii1 (2546) ffflmm1tl11if'IJ11ilv tflt1'tim1ifo 

't 1-J fl11\Plfl\Pltfl0lJ'YlH1fliiih11i'un1,i'f1uOlJ LlJl'WU U'1t01'1-J'l-Jl'l (2552) fffll:llfl11fll,ifltl0lJ LlJ1'WU~1U1nfl11 

\Plfl11tflOlJH~flrl'\PlJ i 1l'ltflv 't i irn ttlJfl'Wl;UlJfl '10 i HlU'1t hm'Ylm;ulJ if'I i ~ tfl'l-Jl\llJvJvmvJ\Pl 1rn:: 

Yetilmezsoy 11'1 t Sapci, (2009) fl 7,i fl UfllJ LlJ t'W v~ 1v1n fl11 \Pl fl\Pl t fl f)'j,J H ~ fl ff 11J i 1l'lt fl tll~ mm ri-:i 

UlJfl'W1;UlJU'1tvJomvJ\Pl 

'l & , o' 3,1 a , .... I e1 ,ct , 

lJ fl11\Plfl\Pl::flOlJ H'1fl ff \PlJ TYi (MgNH4P04·6Hp) \l ::\Pl fMlJff1lJ 1J nflO'l.J'UO-:IUlJfllJ19H'JlJ\Pl fl 

tWlJ tlJA'WVlJ~vvfomvJ\Pl (Mg2 +:NH4 +:PO/) t~mimTff1lJ1i-:i tlJm'Yl1nu 1 :I: 1 hrnvf 1 i11uolJ tlJ1'WVlJU'1t 

vJ omvl\Pl\ltiio~i lJ J 11 ilvm fl'VifltllJf111 u~ulJ fl'Wt;VlJ \lt ii u~tl' uu~-:i I u-:iii m1 t~mt 11ri-:i ttlJ flUt;umM i 11 

~ 0 ,.,~ & , alt & i " ,1 

1'VW'Y11 l '111fl~fl11\Plfl\Pl::flfllJH'1fli'l'\Pl1 1'Yl lJfl11\Plfl11::flOlJH'1fli'l'\Pl1 1'YIUMM'l-J 
~ ~ 

MgNH4PO,r6H20 

.fll'ft~ 3 fl11fl1,i~uolJ LlJl'WV 1~Vfl1':i\Plfl\Pl::flfllJ~1Uffl':i1flii 

9.2 fln'l.J1'1-Jfl11 Ammonia stripping 

?I 'l' d "-t "" ii 
11J lJ fl 1 ::'l.J 1'1-J fl1 ':i UUflUtl lJ llJl tJ V tl tlfl \l 1 fl'U 0-:1111 '11'11 Hlfl19ffl 1U fl':i:: 'l.J 1't..l fl 1':i 'Y1 H fl1Uil 1'Vl 

mt'l.J1't.Jfl1'j Ammonia stripping mm::dmi'um·uhif'IUtllJ LlJ1'Wtl~'l'::iutl'mJfl11 10 mg/lli':i~ir'Yln.fll'Y'l 

'U u-:imt'l.J1'1-J fl11 Ammonia stripping ~'j,J O~O'l.JfJW '11 IJ:i'.itf'IVli1tiY'Ylnfll'Y'l'Utl-:11t'l.J'l.J\lt'1 fl '1-:itrlo~WmJiJ 

"~"-:i mm1t111i'rni1ri11m~lJm~trn::ri111JfolJi~ m::'l.J1'1-Jfl11 Ammonia stripping t~'l-Jt'Ylfl'Wfl~ 

u, i 11'1 tnum1 tlTuf'IJ 11ilv~lu-:i fl11 '1~1::iu'Uo-:iuulJ tlJt'WV'1-:i u~ri11m,ilJ,ilJ'U u-:i u-:iri'111 t flfl'IJ glJ v-:iri-:i 

utj ilJJ11ilu\ldhn1111tflfl1JllJ 1mt\llJtl~~1lJ1'1-JlJ1fl ~-:1\lto~ilJJU'UO-:IUtllJ LlJt'WV 1rlun1,i'~uOlJ 1muu 

oom11flJ11~t1~1t1m~'l.J1lJfl11 Ammonia stripping UOlJ 1lJ1'WV\l::tli~VlJJU1~lJ llJ1\Pl1'YI llJ 1\Pl'H,JlJ l~vii 

"' a, , !I}& O a, 'l' d C')I p 
'11'1-J 1 \ltl'U 0-:J Abouelenien U '1 ~flW~ (2010) f'lffflll lfl U fl1,J f'IU OlJ llJl 't..lt.ltltl fl\l1fl fl19f~l1tlfl':i ~ 1J 1'1-J fl11 
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Ammonia strippinglrn~ Nie Uc'l~flW~ (2015) fffl1flf11'jf11\l~UtllJ 1m ih.m t:J mllfl'Utl~lfftJ'illflf11'jl1lJfl 1~v 

't~m~'U'l'Wfll'j Ammonia stripping 

Fresh CM 
Partially 

dischargod 

- - -----, 
DCM 

Mixture 
pre part ion 

daily 

' ' ' ' ... 

Anaerobic 
digestion 

Digestato ... collecUon 

(per week> 

LCM 

Ammonia 

Stripping 

Liquid 

Centrifugation 

at 10,000 rpm 

Drying and 

grinding to 

2mm 

Solids 

.fll't't~ 4 fll'H11i1,tUOlJ 1mi1vi1vnn:'U'l'Wfll:i Ammonia stripping 
' 

'Yim: Nie m1:rnw~ (2015) 

9.3 fll'j,t,IC]f'lJ ., 
?I d d .Ji <V ?I <V <V i 

1 u um :: u 1 um 1 n N n w m 'Yi 'lf 1 m'Yi m1 :a fl lJ CJf .:i m 1 ti ,i CJf 'Ul u u fl 11 JJ tn lJ Tm 'IJ o .:i IPl 1 ti ,i CJf u u m 1 

~ .:i llJU'lfJn'IJO.:Jtn:i ~ o~i \J ffC11'U::lllCJf'l11 O'IJO.:in-rn 1 i if m1m:: ~'l'IJ o.:ii 1~,!C]f1J fJ run-mm 'IJ o.:ii 1~,!C]f1Jfl 0 

~o.:iii t1111J'Yi 1-u 111oiiJ'Yicl.ll~o~1vlmi u~.imf n-1 ::1111.:ii 1~,iiutimnrn::Tiw 'lll.11~ 1 m .:in-! N un:: 

nu 11 v.:ii1~0.:iiifl111Jn-tl11ff1Jo fl'lllJn'llJU fl i unu n:: aw'IJo.:itnrn:: a1milml 'i) if vd1fityl u nu~ 

tn1a::nw'i)::'t'lTUQITTt11tiui1ti,ii1J m1~,iCJf1J'i)::t~1Jtu1rlof1111Jtnm1flium1a::aw'llo.:imla::aw 
I ti ,, I 

a,i a,:i 1ifo.:i'il1niumlti,1i1J mrn::mtrn::~o.:iuvnot1n'il1ni1't'l1a::aw l'lf'W ih i .:i'l!umrn::aw'Yiii 

f1111Jmm1 fl i 'Wmrn:: awJ 1i!tw 'il::\}n~,ii111M 1rn::ffnc'I:: a W'il::Jo.:iiim1tfl~t1\J~1~ t111hY1JHfffl'U 

i1~,iiu i.:i1iu.:i1u1if v'llo.:i ffailiv 1rn::flru:: (2552) ffmflnn l iuJJ.:imun-; i v h ~i u n11ti1if ~ 

Uf)lJ 1lJlUCll'I.I lvi'lll'U ,,nJ1,irv-rl1i'1iqnrnatvhf1l'ln 
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inlet outlet 

'JUf J 

m't't~ s 11uui1,rn.:im'.in1i~110lJ 11J1uu~1ui1~~ci'u ., 
d Clo "~ 

'Vim : rrnil'lfu 11ri:::r1ru::: (2552) 
~IV .::; 4 t/ 

sllU11ltlfUfltl1'll8.:i 

'Vi.:ifftl'~~1 uri:::r1ru::: (2555) iiiln1:11m'.in1i~1101J ill1iluiu 1~'.irnuuc,:::vhiff1fafo·tuJ11ii'u~1f 1J 

fffl'j 1~unm'.i~fl~:::n0ui1um~0t1lJfl'W1tMUlJfffl'l:11l'l1 l~UiJfu'.i:::iu~rn'lft't11f11.J 8, 10 1rn::: 12 mmru • 
u1Jnu1tMt11Jci'm~~ 2, 4 1rn::: 8 nflJ 1rn:::'.i:::u:::nmh.1mrn1u 5, 10 1m::: 15 mvi ffo~~itlum'.i11m1:::l1 
,, .t!t ,, I d I ad Clo ~ G1'1 

'\16 1.Jt'l fl6 '.i6Un::: fl11iHWff1lJ11JU~11JlJlJ1~'.iJ1lJ 'Vl~ff61Jffllll~J1lJ l~U l'lf F-test (lbree-way ANOVA) 

Hclfl1'.i1iU'Vi1J11 iifl'Vl1i'Vicl11lJf1lJ'.i:::'1111sl'.i:::iu~16'lf '.i:::t1:::nm1rn:::mlJ1W1fl~e.JUlJfl'Wl; UlJG1$cl1~~ 0 01.:J 

iitl'ud1ff~'V11~ff(I~ (p<.05) 1~u~'.i:::i1.J~16'lf1't11f1'1J 12 mmrum~flUlJfl'W1tMUlJG1$cl1~~ 8 fl1lJ '.i :::u:::nm 

lumrn1u 15 u1vi• iiiJ'.i:::ff'Vl1i.fl1'Vifl1'.ifl7i~1101J 1miluiu 1~'.i1~u! 0uc,::: 78.81 1rn::: ~'.i :::iu~10'lf1vi1nu 

12 iJ1mru1n~0u1Jnu1tMt11Jci'c,11"~ 8 nfll 1:::u:::11c,1lunl'.in1u 15 u1vi iiiJ'.i ::: ff 'Vl1ifll'Vifl1'.i fl1i~ 

1"0ff1"0f ff rauc,::: 58.17 Hclfll'.i1 iU'Vi'IJ111fl~fllllJflfocjmlJG1$cll~9liilJ'.i :::ff'Vl1ifl1'Vi i lJfl1'.ifl1i~llfllJ l lJIUU 

i 'l • .I • .I "' ~ "' • .I o' 'l """ " "' "' "' 11) " ?I lJ l ~'.i I ~lJllcl :::11 fl ff TI fl'.i ff~ 1fllJ 11ff U~ 1flTI 1'.ilJ t'J'fl'.i l ~ UTfifll'.i ~ fl~::: fl6 lJ ~ 1U1flclfllllJfllJl9ftllJ l ~Ucl:::I u lJ 

1h::: 1u'lfu~0~1i r.m1mlumnh,j~J11ii'u~1n~1fo11m1vl0ri~n~uuc,:::Hc,m:::'Vlu~1nJ11ii'u~1fo11m 

f1ri-0-imm:::mu::: (2552) TI7fl1'.ifffl'l:17fl1'.ifl7i~1101J 1miiu i lJ l91'.i t~lJ ~1nJ11ii'u~1 f J.Jt1muc,::: i ri 

i1uummufftM fo in;lmmui1ne.J~flt'l6~1lJ11UlJ'\JlJ1,i 34,633 \1fl'IJ1fff)1lJ~'j i1um1 l'11t'lU'IJ'IJ~fll~fl,:j 

'Vi'IJ17 ummiiffcir fo ic,;mmrnrl1i~u01J 1mwuiu 1m1~u,nnJ11ii'u~1f m1m1m::: i rii~m~u! 0uc,::: 78 

~1UlllJ.:Jfl1'UfftM1tJlcl\?1'\JlJ1~ l.51Jcli1tlJ9l'.i'ITTlJ1W~i'M 25,225 \1fl'IJ1fff119flJ~llJ9l'.i~flllilJ1WJ11fft1 12 

i19l '.i ~ om1m'.i i11c, 20 i1~'.i~0i1 fo~ 1rn:::ii'.i:::u:::11mium1-d'J.J~u1:::1111.:iJ11ii'unucir10ic,; 120 u 1vi 

1~u~rn'lfJ11ii'mvi1nu 8.6 

m:,1,ju 1imm:::'Yi\JlllJ 1'Vitl'.:i.:i 1uur1'.iw~t ll'l171'Vlt11if miu.:i i mJ (2554) l'l1m1t1n1:11111inum'Vi 

t lJfll'j Hi19lfl19fiil'VllJ 1~um111tl'nd0t1U'IJ1.J, !00n~1~lJ'\Jfl.:JlJcl irii ~ 1,iuiJf 1.JO~'.i 1ff1lJfl1'j 1i0~1sllJc\ in ., ., 

i ~~0J1 4 r11 tiv I :2, I :4, I :8 1rn::: 1: 11 hwJ111tl'n~0mm911 i 1JM0.:ir11ur1lJflW'tt fllJ 37±2 0.:ir11 . " ., 
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19HHt}ftlff 1rlo11m1::l1fff11'Jfil'W 1 'Wf11rn~\PI019fii1Vl'W'\Jtl·HJ1fvht1ll'Vhf llutl'Ut~fl i1nfl 1i-:i'l11fll;l'J>'.I hnJ 

'W'U11ffllll'HH·-l~\o1019fii1Vl'WIQ '11:Jll11fi'IJ 0.310, 0.318, 0 .320 1m:: 0.334 m
3 
/ kg VS ~tltiu 1rlt1iifll'11'J'IJfi'IJ 

0 \i'} f QI ,Q, <:'J .e:t ~ jJ .t:::. f QI f ,.J f/ ,0, (/ 

'ill'W1'W rn 1 \ol1'il::mm'Jt1i:m1,1mC)f1Jl'Vl'W lfl 9.21, 9.26, 9.38 1m:: 10.19 '11,l'j(,ltJ(,)1 ff1'WTI1'Jll'Wl'lfll'W>'.lll 

i -:i'l11fl~fl'j1il'W 'W'IJ11ffllll'Jf:IN~\Pl019fiimumm.11lii1n'IJ 0 .323, 0.325, 0.349 1m:: 0 .346 m3 
/kg VS ~tlm.J 

7.85, 7.73, 7.98 1m:: 7.72 ~\ol'J~tl\P11i'Wf11'J'Vlfl"tl>'.l'J::im11·hNl<Mu11'Jlff1'Wf17'J'l13J'mJ"lrii~~tlJ11:10 

lfll'JJ1m!m1mnm1P1'J 'illflmf Yitflll'Vhf lluout~fl ilfifl llll'llf11'Jfffllll'Vlfl"tl>'.11~tl'l11'J::l'J::l1mnmn'IJ 

J l~mm:: trn i1vrl'nl6 f1'j ru CMU-CD N't'lf11 'J'Vlf1'1 tl>'.IU 'tlfl>'.1 hfrn 'W 111.h::ff'Vl n fil'W 1 'W f11'J1.J11.J fl 

.q d d' d d Q.I' d QI ~ 'JI ' d.:s ' d 
mrn'W'Vl'Jl'JJ'U'\Jtl>'.IU'\J-:i'J::mv'Vl'J::l'J::nmnmn'IJ 10, 20, 30 1u mt1'J::'1Jrn'\J1~ ffm1::fl-:i'VlllfllmM 83.90, 

O<V .;.Q QI a <;'I oe::t fdf 

90.66 1m:: 91.05 % \ollll'11fl'U llJO'W'iJ1'JWltl~'Jlf11'JN'1\olf119flH'Vl'U'\JO>'.l'J::'U1J'W'IJ11lJfl1 0.603, 0.466 U't'l:: 

0 .627 m3/ kg VS ~rlo-w iflt1l'llf11'J1lfl'J1::l1'1i'm.i't'lm>'.lff(l\P) 'W'IJ111rlo~l!'U'I.J'J:: 'IJ'U~'J::v::nmnmn'IJ 10, 

20 1m:: 30 iu ii~1 i1iu11n~1-:inut1ci1-:iiitTmi1ity~'J::i1Jfl11llt~m1'W 95% 

,_ 1 y o ~ 'I y o, ,_ ~, o, i d Gj 11\ I J' I 

'Wflll 1m::flw:: (2549) fl'Yllf11'JfffllJ1f11'j 1'lf'Wllllfflll'Uffl'j~f19f'IJUOlJ lH'WfJ l'W 1f1l'Wtl 'W'IJ11'illf1 

f11'J1flfllf11rn't'lm'LI~V'W'LI'J::~ (C.E.C) 1 mfo-:i'Ll6minn 'W'IJ11 ti fo l't'!'tl'lfUfltJ:: t9flll't1 iifl1i-:inri11tr-:i 

n11-rl'll1J9ft1d1-:iiitTmi1iqJ (P<0.05) 1rn::m'J 1 "Mffl'J~flCJf'Uiiu'W1hfol'i'11 lf O\Pl'J 1m'J1P1ll'J1rn::'Ll1mw 

utilJ tlJ1i1v 1 'Wfltif1'1f1"1.:Joti1-.:iiitl'vri1tf t11 tflt1t11'J 1 i'rl'l.li19f'J::i'IJ 4% ii'Ll'J::ff'Vlnm'W 1 'W f11'JMlUtJlJ irni'.11:.1 

lmi'1fl1:.1-:inrnrlo 1;0:: t9ftll'tl 2 % 

,Jmru (2552) l~l'llf11'Jffflll lfll'J 1Wf1019ffllf '1Jtl'U lfltltlfl l9fttlOf11llf1019f,hfll'W lflfJ 1 ;l'Vlfl'U fl 

f11';j~f19f1J;1u,io.:im't'!1 l'Wflmimf Ofl\P11 tflv1im'J'1::mu t9ffll ivJ ffl'J't'l::'1w tll 1 urnmmrnrniiu 1m:: 

ffl'J"::mv~u,i11 ~'il1'Jru11v11u'Ll'j fio fl11llt'li'll'li''W'UtJ>'.lffl'J"::mu 0.1, 0.21m:: 0.3 tllmf 01!'Jlf11'jl'\1"1 

'\JO.:Jffl'j't'l::mu 1,2 1m:: 3 ~\Pl'j~tJ'W1'Yi om1t11'Jl'l1'1'\Jtl>'.lf119f;1m'W 1, 2 1m:: 3 ~\Pl'J~tl'Wl'Yi 'j1lJO>'.lf11'j 

1'U~tl'W1'tl~l~ll,'W~~1'1J'j'j~ l'Wfltlclll'W~iicim.1w::u1P1mii-:in'W iflfJ,, l'IJ LO'IJO't'l N1'\J1f1J1rn1::1 U't'l::'Wrn 

1~"1i1ifl tflfJ'\J'Wl"'\Jtl>'.lflOcllJ'W~li'Vlfl'tlo'IJii'\J'UlflttV'W~l1.Jij'Wonm-.:i 7 t9f'W~1lJ\Pl'j tr-.:i 1 13.JIPl'J lri'iff~ 

1~ lJiu ~ th~-:i 70 t9f'W ~tlJIPl'J 1~t1111m1::~mm::ffll ~tlfll'J 1wnn19fmf 'IJtl'W lfltltlfl 1CJ1tt1t1n'iJ1nn19f 

d I d d I ,/ 11\ 11\ ,1ti ~ 
'lf 1111'W'iJ1flf117 'Vl fl i'Hl -:I 'W 'IJ 1 lfl 11:: VI l '11 lJ 1:: a' 1J 1J 1 fl 'VI ?J'" 11 tl 017 lW fl fl1 HHJ lJ 1 ,I tJ tJ fl 1 O)ffl VM tJ ~11 lJ 

- I ,. ,. y , ,t , "' i 11\ -.I y y 
1Jnff'VI 1i fil'WU"1::fl11llfjllfll'Vl1>'.llff'jlJ jfflff\PI 'j'\Jtl>'.IU\PI ":: ffl'j ":: mu fl O ffl'j't'l:: '11fJ 9ffll rnfl11lJ1'\JlJ'\J'W 

0.1 1mnf 011'J1t11'Jl'l1"1'\Jtl>'.lf119fi1m'Vl 3 ~1,1'j~tJtJ1n 1m::01P1'jlf11'Jl'l1"1'\Jtl>'.lffl'J't'!::mu 3 ~IPl'J~m.n'Yi ii 

'LJ';j::ff'Vllifll'W 94.4% ffl';j "1::'11fJ ill i 'Wltl'Vll'W tl'110ii'Wfl11lJ1'1i'll'li'lJ 0.1 Lll'11l 0\Pl';i lnl ';i l '11'1'\Jij-.:jf)19f 

i1m'W 3 ~IPIHim.n'Yi 1m::09l';ilf11'j 1'11"1'\16-'.lffl'J't'l::mu 2 ~lvlHltJ'Wlll ii'Ll'j::ff'Vlnmw 91.9% ffl';i't'l::mtt 

tju,i11f111m'li'mi''U 0.1 hrn1f O\Pl'jlf11'Jl'l1"1'\Jtl>'.lf11ciri1m'W 2 ~IPl'J~tl'Wln 1m::01P1'J1nui11"'\Jtl-3 

ffl'j't'l::mu 2 ~\Pl'j~61.J1'Yi ii'Ll';i:: iY'Vlnm'W 83.05% 1dmhm1::~mm::mJ~tJ'fl'Ut1-.:iu~"::mrn::mum 

'Vl~fft1rn'Ll~t1'W1ff~1~llltJ~H1 N1'\J1f!1111::1 l tt'U'j::ff'Vlnfll'W 1 'W fll';j 1wt1flll'IJO'W iflt16t1 lcir;g-.:i~tJ'fl u~ 



23 

hmn11 i iii i-:i 11-J ,15-:ifl 1'.i 1 ii 1J hJ1J tHl 1~ o-:i ,i1nl11~0~ 1 v11" ::: ff:t:fl1fl 1 'U nn 1 i'-:111-J i 1-Jt11-J 'VI H 

.. Q, d d 'I ,, ii "" "" .. IJJ IJJ .. 
1f1'.i'lJjfflff\,J'.i \l'U'll11llfl11lJ1'11lll:::ffll'Vl"!fl !'Ufll'U'.ilfll '.i :t: ff'VITifll'Vifll'.i1Wflfll'.i1JO'U !flOOfl !CJffl 11":t: 

f1111Jil"o,1nv'llo-:iN''ll1 i ilii'-:i1u rlrni'1J 1 uri1u'lltNfll'.i 11-Jm'.i":::"wmfom 1 .r1 m.i1,1viinn 1~m,i'11m::: ... 

oon'llo-:im'.i":::mv lcir,11 i vhrn:::m'.i":::mv~'U'll71Vi1J11il'.i:::ff'Vllifll'Vi 1 'U fll'.i 1wnn1cirmf mrn lfloon i cir; 

,i:::",1"-:i1rl011-Jm'.i":::mvmi'1Jm 1 i'J1 l,1v~nn 1~1Jm'.it"1:::mm,i'1 i ui m.ihimm-rn1~1Ju'.i:::ff'Vlli fll'Vi 1 u 

fll'.itwnn1cirfl1f 1Jo'U tfloon lCJffl1t 

lllli 11,l'W (2551) ittrfl'lJlfll'.if1li'fl lfJ !fl';il,JlJClf" i'rl; (H2S) i1-J1:::im-f o-:iiloillim1 !fltJ'Yllfll';i 

fi',11~orn-fmnnm:::1J11-Jm111ofl~11t\,Jflmi',1{~tlTuflJ11~v,i1n11'11ci-:i~1-:i"] 11t"1:::mm1:::~mm:::ff1Ji'Un11 

1tv-:i1io1Jui1nm-:i'Uo-:irl'-:imo-:ii 1m'Vi 2 'lf'Wfl fio Nl'Vimff~rnm:::1CJf'.il1Jfl r,rnfll'.i'Vl~rno-:i'Vi1J11ihh1-J1'U 

'llo-:i1io~ 11,l 1 'U 01'1111~iim'Vi1::: h 1oim'rl\,ltil'Uul1ci-:imi'.:i-:i11-J ,i1nJ11~t1'Uo-:i 11-:i-:i11-J19"11"mnn111io,i1n .. 
l: "' 1 ,l ' ., "" iv& II ., ~ 

'Ul!fftJ~ll'lf'U fltJt'lfOffllll'Hl1fll:::0~1J'U111fl"N!CJf'.illlfl fl(l-:J 2.8xl0 cfu/L 'UO.:J\,J1fl"N i:-rnfll'.i11fl'lJ1 

{1,i iv~ ii Hn~ O fll '.i n1,i',1 lg 1fl 'H'il'U in i 't'lt'Vi 1J 17ft 1 Space Velocity (SV) ii ~rn~ 0 fll':i f17 ,j' fl 

lfJ 1fl'.i1,J'UCJf" i'rltoci1.:iihforl1fi'qi 1fltJ~tl7 sv ~7 (10 h-
1
) fll'.if11i'fl lfJ !fl';il,J'I-JC)fi;) i'rl;,i:::1nfl~'U 1,r1nmJ 

ffll\j'.i tU 'UOfl,JlfltlTI1J11'U 11 'Wll'UO-:JH"{1'il ,i'v~ii~Ofl'U 'UO-:J'.i:::'111N'lf'Ufli1fl"1-:J11'1::: 01,l '.ilfll'.i'Vi'Utl 7 vT.:itl 

~niTii 'Ut1-:imo.:i;1fllTI~iiil1:::ff'Vl1ifllTifll'.if17i'fl lfJ !fl'.i!,J'UCJf" i'rl,i'~\1'.:J U011'.i7fll'.i'Yl7-:J7'U (2.7xl0-
14

-

8.4x 10-
12 

mg H 2S removed/cfu.min) ~lllflfl17~"iTI1'Ut1.:imo-:ii1m'Vi~Uil'.i:::ff'Vllifll'Vifll'.if17'1fl 
' ., 

lfJ 1flrnl'UCJf'1 i'rl;i, 1'Ufll'.iffflmi1TI1J11 fl11'.ilfll'.i:::fl7'.iflli'fl\1'-:l"!fliir111vi1n1J 132 g H 2S/Jn
3
.h ff1'1111J 

i1fl"1.:J'Vi"1ff~fl~011'.i7fll'.i:::1J'.i'.i'tJfl H 2S 1,i'1 183 g H 2S/m
3
.h 1m::: 118 g H 2S/m

3
.h ffll1~1Ji1mn-:itCJf'.illJfl 

I ,, ,, f I 

"' ., ,, 3 ., "'l ~ . I"' • I "I 
'YlO\,l':ilfll'.i:::1JnlJfl H 2S l'lll 124 g H 2S/m .h 'Vl.:J'U 'Ufl7711fl'lfl'Vi1Jfll'.i11J'1t.l'Ul1J'IJO-:J 8iS l'UO-:J'illfl 

m:::1J11-Jm1ooni1fl-irmiluH~11nwCl'lmfo tio ci1'm'rl111m:::ci1'm-rlof 

m h,i'W 1rn:::flw::: (2553)l~'Yllfl7'.iffflm fll'.iflli'fl H2s l,1viiflocl1J'W1J'.i'.i~'llo.:iri1unmJ1-J~~o1J 

d JJ l "' ii <' .Ii .,j .I"! "' ., .,j v 
!Vi rn1u 'Y1 ~nt.1 mm:: m fl vm 'YlfflCJffllll o rnll.:Jflll'U \,I (KMn04) CJf-:Jlll O!IJ W1J1'Ylt11Jfl1J 1:::1J1JO'U"J 11'11 

'.i:::1J1J~fln1J1tl ,i:::mm::: ffllt11J fll'.i 1 i.:i11-J 1 'W '.i :::i1J'lll'l1'Ut'Vi'.i 1:::1il'U m:::1J1'U m1~mmrni 11iJ 'U fll'.i ii 

, QI ti .c::i.cvJd~ cl , oo, l" ., 1 

.:iw 1~Qtl'H:ff.:ifl'Utl-Hl'U"HW'UlVrnnn111-n1ffm1:::'Ylm1J1::ff1J i.Jflllfll,J~ H 2S l~v 'l1'.i::m.1~.:inm1 Hn 

fl7';jfffl1Jl'Vi1J17~fl17lJ1,i'lJ'lr'U'IJtN H2S lun1ci1,i1mvuvi1n1J 1450-1700 ppm 1m::: 011'.i7fll'.iL'H'1'1Jfl.:Jfl7CJf 

i1m'Vi1vi1n1J 9 L/min fll'.ii'Mflmlll'W1J'.i'.i~ 'UO-:J07'Ufllltl''U~~flll!TI1fl!'U'Vl~1Vffl'.i'1:::mv KMn04 1,i'lJ,i''U 

7% 1flt1tl1m!n ,i:::11"il'.i:::ff'Vl1ifllTii'Ufll'.if17i'fl H2S ~~"!fl fio 90% 1m:::ffllJl';j(li;)flfl17lJ!'\i'lJ,i''U'UO-:J H2S 

, ,:oJ d l ,, ~ • i ,, 1 'I ~ ,, ,S .:, 1 ,S ,:& "I o, I 

'UfllCJf'lf1fllTI '\Hllfl17 200 ppm fl flt.lffllll'.itl !'l1 !fl'U7l..!11mm 4 'lf1 m fll';jfffllll'U,J-:Jfl'Ut.l'U17fl7'.i 

n1i~ H2S ¢i1v'.i:::1J1Ji-:inci11rl1 i~~1mrn:::ihh:::ih1iimTI\j-:J 

"l ,,,S 'J/ ,, 1 d I ii <s "" o, ,:oJ 

Hong 1rn:::flw::: (2015) !flfffl'lflfl17ll!'llll'U'U'IJO.:J110ll lJ1'UtJ\,Jfl '.i:::ff'VITifllW'lltM'.i:::1J1Jl1lJf)fl7C]f 

;1m'Vi'illnvl1fm,rm lurl'nttl'n CSTR ~~W'HiJii 40 tMf111ci1mcim~ 1flt.1limt1-ur1 Ammonia Stripping lu 
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fll'Hhir1m:lll llHUtl f·-Hlfll'.ll'lritHM l'l'IJ11 ~0~'.llfll'.lUO'Wffl'.lO'Wl'l1v't,r1g'.lt'IJ'IJ (Organic loading rate) 

5.3 gVS/(Ld) ff11J1rnn1i~UtllJ llHUlli'W l~'.ll'il'l-1!'11~0 0.77 g/L mi::: l~llilJ1Wtl19f;1fl1l'I 0.39 L/gVS 

1rlmvi1JO~'.l1fl1'.ltltJ'Wff1'.lO'Wl'l1EJl,r1~'.lt'IJ'IJ (Organic loading rate) ~ 6.0 gVS/(Ld) ffllJ1Hlfl1i~ 

UtllJ 1mu1:.1i'W 1~'.ll'il'Wl'H~fl 0.86 g/L mi::: i~illmwn1cif,bml'I 0.27 L/gVS 

Fahna UcltflW::: (2013) iAfffl'lflf)l'jf)l'OriUtllJ 1mil1:.1l'Wmrnn~n1cifiill'l'W'illfll.Jcl inm1:.1hi'i1.m1::: 

fJW'l1.fJi'lg~ 'il1flfl1'.l'Ylricltl~H"11J TCM (treated chicken manure) Uclt RCM (raw chicken manure) 

om1ri1'W 1 :1 l'l'IJ11 ffllJ1Hlfl1'0riUtl1J llJ!Ul'.llA~~ 82.7% hwi'mn'.l:::irnrnlJ llJIUl'.llmr~u~mwlirn 

V • "" V • ,1'. ~ <:'I "" 'W'cll'.lfl11 3.6 g N/kg Ucl:::lJ Acetate 'W'cltlfl11 20 mmol/kg ~llJ'rn1Wf11ciflJl'Yl'Wg~q,i 324 ml/gVS 

~ o .., l "" . I "' . I w "" Xiaohui uci::: fl w::: (2009) fffl'lflfll'.i fll 'il~U'cllJ m 'UtlUcl::: fll '.ilJ '.i'U1Jpf,jtufl1l'lfl191'lf1fl1l'I 'ii 1flfl1'.i 

mfovot1U'IJ'IJ Uoofl;l\'J'W'llfl~'Vi')j' ir1uli'l'YlflUfl Ammonia Stripping 1~mi1J~'Wiifl1'.ll~1J icifl~UlJ ,~,i'jflfl 

ltJl; 27.5 flllJ Ucl:::l~lJVlfllff~fl\91'.ilfllllifmmff 5 n~'.i~'cl'Wln 1il'Wnm 12 ci1 llJ~ d1tt1m.i11~t1 1 ~91'.i 

ffllJ1Hlcl~llilJ1WUfllJ llJ!UfJ l '1-11~'.ll'il'W 'WOffvJoi' ff COD ss Ucl!::fl111J~'W LA6U1~iiu'.l:::if'Ylfifl1l'I 

• ~ "" "" " "· I • I "' ' IJ'.ilJ1Wfl1CJf'lf1fl1l'I 43 ~fl'IJlffflllJ~'J fl~flIJ'.ltfltl'IJ'llfl~ CH4:C02 1J'.l!::lJ1W 60%:40% '11cl~'il1flH1'W'.lt1J'IJ 

il11Ju1~f.lwmv.n1cifi1mv. ii6~'fl1h:::flt11J'llt1~ CH4:C02 U'.l:::mw 74%:26% 

Alkaya Ucl:::flw::: (2010) iAl11fl1'jfffl'};l1Hcl'lltl~fJW'11tJlhm:::'J:::fJ:::11cl1lfi'IJf)fl~ii~om'.l'l11flvtltl 

t I " d d 1' ~1' t 4 c,, ,t,f ... <9'lV~f 
'.i 11J'.i::: '111Hl.J cl l flUcl :::Yi 'If! '11 cltltl1~ 'il1flfl1'.i lfl'};l91'.ifl'.i'.i lJ ( MU fl clover l'l'lfl'l'U ~ 191 tl'lf'U ~ '11'U ~ l 'lfl1J 'U tl1'111 '.i 

dT11111 i~ 1, my11m:::vJ 1~,Y11mii) hw 1 i'rl'~uijmwu 1J'IJ ~~~tll ~ tl~ !!cl :::fffl'};l 1 fll'.i 1~'1-1 'Jt1J'IJ~ QW '11 iJ iJ 

10± 1, 20±Hm::: 35±1 tl~ff1lcifcll'1Wff Ucl:::'J:::t1:::l1clllfi'IJf1fl 20 1m::: 30 1'U l~tlf11'11'U~091'J1fl1'J:::'IJ'.iH'Jfl 

Q .::to'ta, o, 1 d " .. .f 'j/ .c:td '=t d 

ffl'jfl'W'Yl'.lf.ll'Yl1fl1J 3 gVS/1.d llcl::: ff~ff1'U'lltl~l'l'lf clover:l1ty1:n1~'1111"11cl fltl 30:40:30 l~fJTS UcltlJ 

091'.i1ri1'W'.l:::tt11~-vl'lfm~otf1~'il1flm'Hfl1;191rn'J11Jucl:::l_!cl lmYhn1J 30:70 hw vs ~~~0m1ri1'Wtl'il::: 

ri~Hcl lifiifl109111ri1'U C/N ijfl11'11lJ1tfflJUcl:::o~l'W'1f1~fll~U'W:::lh thJiiflll't11f1'1J 27:1 'il1flHclfl1'jfffl'};l1 
:, ~ , ad t QJ ea ~ d t d.ct c.. d d QJ 

fl H'W Yi'IJ11 QW l1 iJ lJlJHcl91 tlffflfJfl1l'lfl11 Hcl91 fllC)flJI 'YI '1-1 'Yl~'YllJfl111'1'W 1 :::'IJ'IJ'YI 1::: u:::11mm1J flfl 20 Ucl::: 30 

1'U ~QW'11f,lii 35±1 tl~tl1191{H'1Wff '.i:::1Jllff11J11f1Nfl~fl191~Mimvrn~lw1h~ 299-324 ml Biogas/gVSadded 

1 ~ ti 'ii::: ii fl 1 -a'~ fl 11'.i:; 'U 1J ~fl 1'U f.l W Q W '11 IJ ii~ 20± 1 tH fflltJlcl 1cii ti ff~~ ii fl 1 tl ~'.i:; '1-11 N 87-13 8 ml 

Biogas/gVSadded 1m:::1rlv1m tllllntl'IJ~flll 1~'1-1 'J:: 1J1J ~fJW '11 IJ2Jl~tl1f1'WU~ 1:::tltl 1cl llfi'IJ f1 fl~ Nf1'Wl'l'IJ 11 

ill lJ1 run 1tJ1i1n l'Vi ~ Nn91 i Ai1 fi1 l fl ~l fltJ~ f)'W i ~J'I-I Ncl fll 1 fffl'};j 1d l'l l.111fJ ru 1-1.fJlJ" Ncl ~tl flU Nii 91fl 191 

i1m'Vi lJ 1flfl111::: u:::11 cl 11 fill f1fltlUHiiifod1ri' ty 'U {)fl 'ii 1 fld tl~Yi'IJ 11 i '1-1'tiw:::~'YI1fl1111 ~~ fl1 'rn1'U 'ii::: in~ 

.J ~ <j/ QI Q.I..;. ~ ..,,S ~ 'JI .::::if I~ 

scum 'II 'I-I 'U '1-1 H1'11 'W 1 'ti tl~ (M l11J m '1-1 tl ~ lJ 1 'illflfJW fflJ1J ~'tltl ~l'l 'lf 1'11 cl {)fl H 'ii 1 fl fll 1 lfl'};l 911 lJ fl lfl 11 lJ '11 'W 1 U '1-1 '1-1 \ol 1 

91~ l u m11~u 1:::1111~:::'Y11fl1'.ifl1'1-1Nff1Jm Vil::: l ucti1~~'Yl1m1tlo'W 11P1fl~rn'li'11:::1Jrn'Yhtru i~tr'WU'W1'Yl1~ . 
fll'j uni 't1Uty'l11i~flci11m111 rn'Yi1 iA1 ~tlfl1'J'l11flU'cltl l u o~uijmwu111J CSTR 



25 

o CV .c:.\ o' 

1. ,~'Yl~~'fl1HY111'J1Jfl1'i1tfl'flt 11 BMP 

' ' ,dl <V d o I 

2. tmo-:i'lf-:iiltrno~ 4 ~1u11'\.J-:i 

"' .., .,_, r:i 
3. trl'i'fl-:!1~'fl-:ifllJ'jtfl'fl1Jfl1C)j 

4. tr1io-:i1~'WW'lf fl11l.Jt~'\.Jf1'i~~1-:! "' I tm'fl-:i 

5. ~'fllli'!l.J!O'W 
" 

"' 1 tm 'fl-:i 

... 
tll''HIUI 

cl d \q t/ 
1. Ul.Jfl'\.JtCJltll.Jflil'fl !'i~ 

2. Ul.Jfl'Ut9ftll.JCJ1i'!tvJ~ 

,d .cl "I " 
3. Ul.Jfl'\.JtCJltll.Jflflfl !CJl~ 

'Jg)Q~tJ 

-r~tJ~lll.!", ni ~i'11r111l.Jfl1'tfl 'Jltl1 'innvJ1fo ini '\.Jl'\J~J'\.J ~ i-:i111~iio-:i '11111 

~q ~Q..I 

1fiflll1iltl 

i'Wm'i~lt'U'\.J-:i1'\.J'\Jt:J.:J 1f1Hfl1'.i 1~omTI'.i11.Ju1.i.:iinnn~1t-uw11'\.J'flt:Jntrl'W 5 J'\.J~t:J'Wi.:imrn-:ii'W 

mTili 6 
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--•-----...---, .,.....,........,,....__....,..._.....,......., __ •.., .. ...---,.,,-.n, ---,c••• 

~ .. I 'II l 41 'II IJ.I .... .. .. ..: 
&tl1~fl11ft0'111fl11DflU1SJ1W l'U Pl11Q'Ul'U)JD IO~ltllltlHlftSJIYUUYUJ , 

'l'l~HHl1Jfl1 BMP (Biochemical Methane Potential) 

ftO'l;Jlf'"YfltJfl1'Wfil'H•lil91f11CJf;1fl1'W'illfll.Jcl 1n~~l'Wfll'ifll'ilfl iu !91'i1'il'\.J t'Wilfl11t U tllfllff 

irrtl1rnt'ilfl'VJl'jltJ-:Jl'\.Jll1J'l.JfflJ\PW 

' ,, 
.fllfi'TI 6 '\itJ916'\.Jfl15~11'U'\.J-:J1'\.J'UfM !flHfll'i 

., ' ., ' ' 
Q..I d. .c! 11 .Q.Q.I v ~ r _ I .ct q V 
'll'UVl8'U't1 l fffl'Ulllilt11'Ul1iJ'll8 'JJil.:Jl'U11UJ't1.:J &'UlliltVIHtJ1tl'flff'fllflt11'lltH 

,, ,, ' I J/ 

'1 u -uu 91 f.l'W u r1 w:: (1,r mi ::i 1 fl nfffl11111 n:: -s 11J -s 1lJ'li' m,1c1-:i 1u 1,i vli 1ri tn'li' u-:i 'illflU l1 ri-:il'J~ tJfJiJli'-:i 

'll.um::~1nlna'l'lfl' 

., . 
CV d. .q, J Q,.,Q J_ I d. \I I 

'll'UVl8'U't1 2 1lfl1lt't'ii>JWtfil'UVIUUt8.:JfltJ1tfl8'U't1Hlflil'll8~'JJil &fl 

'1 u ,Tu91uu dmu:: mi fJ 1~'Vi1m1ffflmr1w ffl.lmim1::u-:i;1h:: fl6'1.J'l'l i-:i1r1ii'U6-:Jl.Jc11 ril u mn11m " . .. 
a..d<:'l.::t t ~ o' a.c:1 a..::1 d' 

i:-lcl 911 tl'W n 1 CJf'lf1fl l'W ';i 1lJ 'Yl-:J U ';it llJ 'W 6-:JflU ';it n tl'IJ'U 6-:J fl 1CJflU 'YI 'W 11 cl tm lJlW fl 19f'lf'Jfl l'W 'ill fl tl.:Jfl U ';it fl tl'IJ 

d "1 ' ..,i 'I ii'! - I ,, ., ,, "" d 'I d 1 0 ,, ,I 
'1'11.:JlfllJ'U tl-:J].!i'I l fll'W6 l 'If l 'W fl l'J 1J'i tllJ'WffOtJfll'Wfll'.i Hi'\91fl1CJf'lf1fl1'W l 'W'l'l 7.:J'l'lq 'l;Jt} flfJ'l'll fl1'.i1lfl ';i l t '\1 

~ = "-' "1 ''I O ,, :'1 "" ... "1 ii ' 1. fl'fl');J lf.JW fflJ1J91Ui'lttl-:Jfl 1J'.i t fltl'IJ'Utl-:Jl,!i'I l fl l 'W fll ';i '\.JllJ1Hi'\9ll1J'W fl1CJf'll'1fl1'W l fill fl 

► 11m1t'ttU'LI 'IJ1htlJ1W (Proximate analysis) 



&v.c:i.~ ~ " llJ 3' ' 
9f,HJ1'10'1'.l1in7'J11m7::: '11\Pl7lJ Standard Methods (APHA, 1992) &~Un 

Total Solid (mg/kg) 

Volatile Solid (mg/kg) 

fl17lJ~'W (Moisture content, MC) 

► .,,. .. 
11m1:::m t1J'lJ!Wf1li7~ (Ultimate analysis) 

c (%) 1~unm'.i'Vl~ffo1J/1r1io.:iijo EN15104 

H (%) 1~vnm'.i'Vl~fffl1Jlmio.:iijo EN15104 

O (%) 1~t1nm'.i'Vl~ff01J/1r1iv.:iijv CHNS/O Analysis 

N (%) 1~t11nf17'.i'Vl~ff01J/lfliv.:i"v EN15104 
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2. 1h :::iii '1-J ff f) tlfll'l'l f)7'j f-1~\Pl fl 7 9f;1fl7VHJ7f) fl.:j fl 1.h :::n tl1J 'V17'11fl jj VI 7'1 'Yltfhl Q 'll fl '1 ].l "1 i f1 1rn::: 

Q.J I .Q. r;'/ d, Q.I d 

ff~ffTWf17 '.i f-1"1\Plf179flJ!'Vl'l-J ~.:JfflJf17'.i'Vl 1 (Sialve 1rn:::mu::: , 2009) 

4a-b-2c+ 3d __. 4a +b-2c-3d 4a -b+ 2c+3d 
C/IP,N,i+( 

4 
)Hp ( 

8 
)CH4+( 

8 
)C02+dNHi l) 

.fr-u(l)f>'U~ 3 ft fl'U1Ni:1'Uf>~if,-,r u~ilmwieth:::unim't't1'Utn'lfll r vi1-u1(J)·n,-,-umn\ji:1,fl 
., ., ' 

1 'I-J'IJ'W\Plf>'W'W 'il:::l'i'1m'Jffn111i1'ilimm:::nm1:::~mm:::ff1J~Vm'.in1i ~ i u 111'.i1'ilt.1 l'i'1m'.iV1~1;1v~ h.1 

O'1'111Jf1'\l'WWI 19 iim 1nlJ711'Jf1711i'.:i1u'i1;'1 15 iim 1~m117tllJ'.!"1lf1U"1:::J11mrm1rl1t.1 1 :3 1m:::Vl\Plfff)1J 

f)l'jfl,i l'W lml'il'W 111t11itr7'llflij~fl171Jl,r1J,r'W 100-200 m g/1 ~11ut.1mrnw1~eiru113Ji1 34±2 °C n : t1::11n 1 

, 1-J m H)71 ij 'W '17'W 15 1'W 117 fl'il'W f1171179f'l11fl7'1'l flsl~ 'il7f1l!'Wli7f17'J11fl'J 7t 11fl1Vl7'J 7"19'1 ofi 'W'St1JlJ'l1lJf) 

mi:::1'mfi mru fl 79f;1fl7Vl~IO\Plt'Wl~f)'U 7H1:l~ mm::: fflJlJ7Vl\Pl'1 f).:j 1 'W ,1'u11ut.1 ~ f) i iJ l\Pl tll'17f17'JVl\Plff fl lJ 
' ' ., 

'U1Hltl~tnt11'UO.:J fl.:J'W 

1. ffn111f111m<u1J<u'W'Ut1~m'.i mu~mm::: fflJ 1 'W m11;1~ i 'W l\Pl'.i t'il'W ,i1n1J1;1 iri~,h~fl17lJ .. 

1-u'lJ'U'W 100-200 mg!l it.1m'.i'Vlfl'10.:J,J:::1i'a.:i'l1lJf)'\J'W7~ 19 i111, m1J111rn1'.iii'.:i1t.1'il;.:i 15 i,911 f-lff1Jl,,!'1in 

11n::J1 l lJ1:)9111t'r1lJ 1 :3 1rn::l'111n'61Jf11Hl~U61J 1111ut.1 l\Plt1l'l1n'1'J lflij~fl11lJl,r1J'lrlJ un-~siisim'W~ 7 isiil 

• lllJf1'W19ftllJCJfnt'VJ\Pl (MgSO 4) ~fl17lJl,i'lJ'U'W 100 mg/1 

• lllJf1'Ul9ftllJCJfnt'VJ\Pl (MgSO4) ~fl17lJl'UlJ'U'W 150 mg/1 

• lllJf1'Ul9ftllJCJf"1W\Pl (MgSO4) ~fl17lJl'UlJ'U'W 200 mg/1 

dd 11).I d 9,/ g} 

• lllJf1'Wt9ftllJflc,O & '.i~ (MgC12) 'Ylfl17lJ1'UlJ'U'W 100 mg/I 

... ... liJ o' cl j/ 'J) 

• UlJf1'W1oiltllJflOf1 &9f\Pl (MgO) Vlfl17lJl'UlJ'IJ'W 100 mg/I 



28 

~11uum1111Tmmu111JV1CJfmt1'li~w1nJil 34±2 °c 1::: t1:::11m 15 1'u ~~J ~o,:nh11i'u n n 

1n 11 n 1CJ11~·enJ~ o n 110~11u nn1CJ1;-rn l 'Vi ijltJ ~,5~ 11mrn~\?l n1CJ1;1m'Vi Uij ::: e1~r11.h :::n e111'Uo~ n1CJ1 i11 

QI , ~ ,1 , , a, c.,CY t::t 

~1flt1l:rnm 1:::mn pH, TS, vs, COD, ALK, VF A f10tJUij::;11ij~f11111lJf1n79f'b'1fll'Vi 

2. fff1'lfl1 ::: t1:::11mmrn1u 1m:::mrnn9l:::fff.l'W ~111m:::1:nJ'lunuij~ iu 1~rn1u,i1n1.1ij iri 

1~t1ffn'l!1~11mnun1u 1-5 u1-n riou,i :::J~vf ~ i 1'1~0 'l1111n11:::nou ffn'l!111md111i'u11n11:::ne1u 1~v11~ 

,f ~ .2' 11 ""'l """'., "" .I':! " " - "" VI~ rJ1utJ1::: t1:::l1ijl 60-90 'UlVI t'Uf111Vl~ij0~,J::; t'b'fl~11lJf1'U'U1~ 19 ij9l'j u1m111m1 t'lf~l 'U,JH 15 'M l1 

r•rn'lJlJij iri1rn:::J1'luim11:hu 1:3 1~v'li' MgS04 ~ 100 mg/I ij::;mv'lu111d111i'uV1~iYoum1~n~:::notJ 

1~6'WI l'\.J 11111,itJ ~11'U'\.Jfl1111Uf1U'U'UU'UVICJfflltlLif_JW111JlJ 34 ±2 °C 1:::t1:::11m 15 1'U ~~J-~o~d111i''Ut1f1 

1~'Uf)1Clf1~61J~ Of1'Uf;l~11 ir f1f11CJf~M'Jfll'Vi 61\J fi,5~ 11mrn~ ~n1CJfi 1m'Vi U(l::: fl~fl'lh·:::n fl 'U 'U O~fl lCJf 'U 1 

Q,I ' Q "' 1 QI Q,I c'I d, 

9110tl1~11fl17:::mn pH, TS, vs, COD, ALK, VFA m1u1m:::11(l~n7'l11lJf1fl1CJf'lf1.flWI 

.. ' ., "' ' 'UU'110lnl 4 'rWl tT0\Jfl1 BMP (Biochemical Methane Potential) 
,, ,, I I I 

GJ: a., d g/,Q Q.t .,!I ~ ~ d d. I 

t 'U 'U 'U 11 o 'U tJ fl W::: ~ 1,1 m m:i m ~ o 'W t 'U VI 111 "1::: 'rllJ VI 1:1 ~ m 111 fl1 BMP (Biochemical M ethane 

Potential) l~Offf1'111rYf1tlfll'Vi'U fl~1:::'U'U11lJ.J~1h::: iJV1~ fll'Vif111 VOt1'rlmt1tr11 ~'UVll fJ 1~v,1 llJ (l iri ~H1'U ., 

m 'lMI 1 tJ 1 m 1,iu i 'W iYm1:::~1 ttlJ 1::: mJlJ 1V1~iYoum'l J:-.1~11n1CJfi1m'Vi i u ,~'VI~ iYO'U 'l tJ 'l :::i1J11 onl~mi m1 

i ~uiY~~'lu4iJ~ 8 
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.t!S QI C. ~ d j/ Qd 1 ... I o'a.c:1 0 

fll'jfl'f1'hllrl'm.1mvmnH"\91fllcif'lf1flll'l~1011i BMP ~tJfll'j1J'j:;~f)\9111ilJWl1JTW VDI 4630 'Vll 

fll'j'Vl~"o~ 1~ttf1ll1'W~tl'm1ri1'W'\J0~1\91Q~1J~mio,~,rn1rf l'Vllfi1J 0.5 (hwJl'tt'Wfi'\JeNU~~'j::l'tttt) m 
lJ7\91':if17'j1111'f1 l'Vllf11J 400 ""~~ \91'j mr~,Jlfi'Vllfll'jlffi1oti1~1\91Q~1J111;\:;L;O,~'W'Vl1fJ 'Vllfll'jhiti1cir 

~rnn i1,i'U~1 on1cir1'W 1\91'jl,J'W1J1n"Vli!oo":: 99.99 ti~l'Wnm 3 'WT¥i u~~ll'HU'U'W 1rn::ihiilii'~-n'o~ • 
'rJtU11 f.JlJ~ 34±2 °c 1flllimruti1cir~1n~~'W'VJf11'W 1110111,i1nmrn'Vl'W~J1 'Y17fll'jflf11fltV'W1::a::11"1 30 

QI O ~ d d Clo ~ ~ fl GI I ~ 4 

1'W 'W 1 fllcif'l/1.fl l l'l'Vl lfi~ '\J'W 11fl'j7::11111 ff~ ff 1'W '\J fl~ fllC)flJl 'Vl 'W 

fll'j 'Vl~ffo 1Jfi 1 BMP 1il'W m111r1'j1::11111in aml'l l 'W fll'j i:-1~ \91iill'l 'W '\J fl~ n-n {i 'W 'Vl1 rf ~ o ~i 'W 1 ::1J1J 

11tl'nn1cir;°nml'IU1J1J 1iii i'mmff l~fl l 'Hl'l171JO~ t'l'l'J 0'W'Yi~ V'llil11i!'U "l iil'lf1f.lflll'l l 'Wfll'rnn\91fl7C)f;f1f)Wl 

J.Jlf)'U fl mvl (I~ 111 ~rn~ ,~ ,i::u ff~~ l 'WJ ,J ,rn~1'1 mru n1cirii L'Vl 'W ~lfi ft~'W'l'f ~mH) ( CH/gCOD 'Hl 0 

.Jz o GJ ,., di .. 1c. a .d Clo .cf Gt , QI o GI d ct ~ a , 
CH/gVSoddcd) cir~ l'l 7 l '11 l'l 171J fl~ 1J 'j lJltU f17cifl'llf1fl'\J 'W l 'W 11\91":: 1'W 1rn:: ,J l'W 1'W 1'W 'Vl lJ f17 'J H" \91 f)lC}f U\91 

111ai11 ilffl'j U'Wl'l1 v,i:: 1ii11'~au1il'WnlCJfiill'l'Wi~'HlJ~ t~~fl~iim11 urn::11m111'~f.l'W COD LV'Wiill'l'W 

ll~fli~'Wfl711lrl17::l1fff)f.lf)ll'lf111Hn91fllcifi1nrn (f1~'W1'1::'VjlJ, 2555) f11Hll'U1tUfff)Ofil'Vifl71H~\91fllcif 

i1flrni'Wm~nq'hltj m1uun1rf 1 kgCOD ,i::11'~tt'WLV'Wn1cirii1nu 350 I ~n-m1::mmJ1'W (r1111Ji'W 1 
.. 

atm titU'H.fJlJ O °C) f111'111fl7fff1f.lfll 'Yii'Wm':iH~\91iill'l'UUfffl~i~fflJfl7':i~tl 1,Jij 

BMP CH4 (ml) = Biogas(l)xCH4 (%) 

TS removed (mg) TS added - TSremoveimg/1) 

B:MP CH 4 (ml) = Biogas(I)x CHi%) 

CODremoveimg) CODadded -CODremoveimg/1) 

BMP(%) = CH4 product x l 00 
CH4 theory 
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~ r:'I .ct .cl~ 
'lj~1~ f11'1/'lf1fll'l'ill 'I.J1.Jl1 'Vl'U 'Vl'U 1 

. .. .., 
ff11J'111Milfll'I/ 

' 1'1JIJ1'\J1~ 

' .c::t O Q,/ ,t:::t, fl' 
m vt n s 'l111 'Yl 11ffo1Jm1111J m-n 1 wn::: 11 B MP 

., ' ' Q.I .c::t 4 4V ~ ff'/ 4 , ,.c::t f o V , ~ Cl "" 
'\l'l-!Vl0'1-!TI 4 ff fl'Ylff flf.lill'Ytfll"jflt'IVlfllCU'ln.fll'Ytillfl\-ft'I flTIF-11'1-!fll"jflli)YI U &Vl'llilU &UU fln:: 110lfllff 

l u ,f 'U IPIO 'U d fl w ::: (1 i ti 'il::: '1'1 lfl l 'i fff) El TU 'j:: ~'Yl n .fl l'YHl '1:: 11 fl 'j 1:: M'Vi l 'i 1"11Pl Of ~ 1-3"') 'U0-3 

mrn~IPI tl1C)f;1.fll'Vi 'illfllJ'1 iti~ Hl'U nnn1i11, 'U LIPl'H 'il'U 111t11fifll'j\p'lfl\p'l::flO'IJ; 1tlffl'ilflij l11t1'1'llfll 'i .. 

'Yl 11 ff OlJ n11 l i .:J l'U 'il 1-:i'U o-:i 1:: 1J 1J 11 ir n '1. u ff .fl l'Vi i ! o 1n lff l u cl' -:i 11 irnu 1J1J n:: 'Utlltl 'U'\.J 111 'ii 1n1 ::i1J 

'JI ... I Q Q..oC:li ~I Q,/ Q,/ ,:!I O Q fl' QI l C\ w d 

11 o-:i u {I 'lJ IPl m 1 1 u u 1 :: 'lJ 'lJ 1 :: 111J m 11 HI u 'U u 111 2 oo I 'Yl 1 m 1 11 fl 1 1:: mrn t1 m 'Vi u m rn '1 IPI fll CJf lJl 'Yl u u ff 11 -:i 

i-:im'Vi~ 9 1m:: 10 l'U'tT'UIPlo'Utl'il::~11il'Um111m1::11fi1'Vi111iJ11P101~1-:i"') 'Uou::rnrnirnl'Uff.fll'ViH 

Olfllff l;Un 
- virn'lf(pH) 

~ o' d t 
- fll'i1lfl'il:::'11llilJlW'UO-:iU'U-:J'Yl-:J'l1lJ11 (TS) 

- llilJlW'UO-:JU~-:J'i::1'11t1i; (VS) 

Q fl I d 1 d 

- fll'i1lfl'il:: '11fllcif 011 (Chemical Oxygen Demand : COD) 



1&imnrn1ii 

TS, VS, TKN, pH, !<E-- ------------i 

VFA, Alkalinity, ~ COD, Temperature <E:-- - ----

-a::t1::nmi"Wm-a~11uum-a 30 

days '11leHl'Uf111'mlJ1W01"1/fl..:J~ 

11ft 'Jl::1-f flf)tlfl TYi i 'U nl'J f-l~l>l fll"lliil'Yl'W 

a., d, QI Q QI a., W d 

Cl..:Jll>l'J tll.J11>1Q~1J Cl..:Jl1l.Jf1nl"l/'lf1f11'W 

' l:.1 Q.I cY d 

fll 'Yt n 10 'J:: 1J lJ '11 l.J n f)l C)f 'jf ')fl TVi 

TS, VS, TKN, pH, 

VFA, Alkalinity, 

COD, Temperature, 

.I'.:! c,I .. 

m lJ1 tu nl"ll'lf1fl TVi, .. 
l.Jl'Vl'U 

' o d ~ 
l'lomrnu..:im"ll 

. ' . 

31 
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,)''UV!t>'U~ 5 ff'1'Uf-.ltlft11~1l'U'U.:Jl'U tm::f~'fll'Ht.l.:Jl'Uf-.ltlfl111rt.l 
q 

.,\ d ,£ l & .I "' ., <I 1 
tlHJt{1''.i 'ii ff'U flHfn'.i 'il:: iri ,J f·Hlfll'.ifl'mn U'1~1J'.i~UJW·-1MlllJ1~Q,J'.i ~ff-:ifl 'IJ O.:j flHfl1 '.i 

Yi ! OlJi.:i i fl l'l 7'.i ltf.:j l'U l! 'U'Uffl.liJ '.i wi 'U "f)'l:J tu~'IJ o .:i '.i 7 u~ l 'U 1 iu~ i1t d OYI lJ ,Ju 'U'U ~ ll.Jl.17~ '.i 1 l 'U ffl f)'1 1 ~ u 
' y 'jl Q.I & t 

e) tn.:i 'U e) [J~ o.:i fl '.i OlJ fl 'llJ m '.i t l'I '1 f)'IJ e).:j fl1'.i fl'f)'l:J l'YMl-1 lJ fl 

A d A d 
ft111lfl11~'tt'Vt11UUgJ61 

Methods (APHA, 1992) 

.::i o ti .c:i. ti I QI QI W d 

vinHn s 1tfl'.il~l1't"n'.ill.lt11m'IJ0.:iir1'U~ffl.l1mm-rnnm9f'lnmv. 

"' <I 
Yi 1 '.i 1 l.1111 O'.i 

TS 

vs 

TKN 

pH 

VFA 

Alkalinity 

COD 

Temperature 

mmtuf179f 

"' l.Jl'Yl'U 

""" "' <I 1Tif11'.i1tfl'.il~'l1 

Gravimetric method 

Gravimetric method 

Kjeldahl method 

pH meter 

Titration method 

Electrometric method 

Closed Reflux 

Thermometer 
' ,, "' . 

11 'Y1 'U 'Y1 'U1 

Gas check 
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n11 i1t-w'U ~l'U 1 fl'J ~n11fln 'lel 1 n 11n~1111J 1 w i 'U ilPl1 t ~'U 1 'W l.J n i ril 1v 1i vi 1 ~ i fl ij i vf fl i 'vi 1J ri'n vn l'Yi 

1 .,d ,d '1 ~ ti QI~ ti d ., '1 I 

91 H 1.h:; rYI ff'YH f) tl1 '\l fl~ U '1::; f1l nt m 1 t '11 fJ W UlJ 1J 11 U '1::; fl~ fl li 'it f) fl 1J 'YI H l fl 1J '\l fl~ l_! '1 1 f) ~ vu 1J ~ H '1 f)l 'j 
., 

,lllii'W~l'WflflmiJ'U 2 ff1'W i~U 

rl1'W~ 1 t1n1J1un::1111111J'\Jfl1J Ml'W 1,fonn r-1~91n1CJfi1m'Yi~1n1Jn 1 ri 
~ ~ 

ff1'W~ 2 fff)'lellfjW umwhm::fl~flli'i tflfl1J'\lfl~'YIHlflii'\lfl~l_!'1 iri 
' ..d ... I ~ QI .l ,, ~ (t'J d "- I d , ' 

U1'U 'YI 3 f1l'J1J'Jtl1J'W fff)tlfll'Yil1Jfl~11'W'\lfl~f)l'J H'111 fll91'lf1fll'Yi ~ lflfl~fllJ 'it f) fllJ'Yll~lfllJ'\lfl~l.J" f) 

ff1'U~ 4 fff1'1ell~rn'\lfl~'lfoiv~ijH'1~flli'Jtff'Yllifll'Y'l1'Wfll'if1li~ l'U i9l'Jl~'W~lfll.jij 10 
ff1'\.J~ 5 fllH1~Ufl1Jfll BMP (Biochemical Methane Potential) 

ff1'W~ 6 fff)'lellffflUfll'Yifll'J H~9lfll9fi1m'Yi~lfll.Jtl 1 ri~~l'W fll'j n1i~ l 'W iwH~'W 1 'W um1:: i ! 
mmff 1'Wo~'l11Tn 200 1 

., 
1'Wu~n::rl1'Wih1tJijtlfltl~Htlfll'J~ll'W'W~l'W i~u 

, J. 4 SI ~v ~ ,:, a£t ll, 
D'1'Ufl 1 Afl'lflUO::ntJ11JJ'll8\f1Hl'U1fltJfll'JNOf'lflloW,n.fl1Vtillfl1JO lfl 

., . 
~ 1nn11 fffl'hl 1un:: 'i 111111J ,j' 01J n ~ 7 'W 1 ivi ~n 1v 1 tJ u" ::n 7V'W fl n ~ 1n u 'ttil~'Yl ~ vn ii ivl o 1 t 

~ . ~ 

O ,Ct, Cl,QJ '10 d QI ti d d ~ QI~ 

il'J::nolJfll'i~ 1i u tJ ~7'W 1~v L '11 mt 1 ~1111J11101l'i::U ~fl 1 ~um 1tm::mu~ L 'W ml ffn'lel 1~~'W . 
rnnwi (2541) t1n'lel1m1.h::ir'Yllim'Yim'in1i~ l'W i11lrntJim::Ylom·fof u lmhrf ~~1mmri~'lj1J'lf'W 

~~1'\.Jm'itl1tl'~~1m.im~mnmff 1~um 111n11::nt1'U 'Yll~tflii n~rnonni11'J1mrn1'\.J nm l '\.J m'if11'\.J tm:: 

nmm'J 11n11:: nutJ~mm:: UlJ 1 ~ v l iu11 i¥miJtJ un u! 1~11:: nou 'Yi1J11r11~m m::irnth:i n1ui11 100 

rpm 'Ul'U 3 min f11'Ut7 40 rpm \..ll'U 20 min 'i::CJ::nnivi~iir11n11::fl6'U 1 h i.gfflln'!1~91::fl6'Ufltl 

v~ihilv1Jciatvl11 (tr1, ~lJ) tvlVTTflflt'IV h~ un::uflni;vlJvvn 1oi1~ (~wu11) vm11tr11~1Jtr!utr11tr!1~ 
' . ., 

11:::nouvimm::u1Jvit1~ hwii1h:::ff'Yllifll'Yiflllti11J'~i~u n1i~tn1mJuil 99.67% f11\l~ TKN ,~ 

24.07% f11\l~fll,l'Yl1tf'i'U 111ll~lJ i~ 86.12% 01\l~lLOlJ fot'WU1Ji'U 111lrn'U i~ 0% f11 \l~ 'VltliY'tfof iYl~ 

96.29% mmwmltV1J~mm::iY1JflO 250 mg/lfll pH Otl'Wf11'i91fl9l::flO'Ull'iin1J 8.5 lli1J19l'J9l:t:f)tl'U 61.5 
~ QI ,, 

ml/lU7'11Ufl9lt flO'UU'l1~ 270.42 mg/1 

~ dJ C!ti~d O G.l~d ~1'J} t 
mo f)ij (2552) fff)'l,j 1m :t:1J1U fll'JH'19lfll9f'lf1fll'Yi ~lm :t: lJlJlJllJ~1JllUtJU lJlJ &lJ i 'lftllfllff 1 ~ tl'W l 

~ 
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7,250 mg/I 1 irl'-mm.Jff'l'U ffll'IJ'.iW 'll'Ulfl IO I 1fltifll'l1'UflO\Pl'.ilfll'.itlu'U iYl'.i0'W'Yi1 tJ'llUntuu 1 iri1vh 0.40, 

3 \rJ QJ .!'I ~ d o'd 
0.59, 0.80 W."1t 1.0 kgCOD/m ·day fl'JU~llfll'.i llH'1'll6·:W~l'.ilfll'.iu6'UiYl'.i6'U'Yl'.itl'YI 0.82, 1.22, 1.64 lnlt 

cS QJ ~d , dQ,I g/ .q do' 

2.05 I/day '.ittltl'JclllflUflfl'Ullffl'.J 4.4, 5.5, 7.4 ll'1t 11 days 'ViU'Jl'YIUmlfll'.iUtl'Uffl'.itl'U'Yl'.itl0.40, 0.59, 

"> C'/ d I/J31 3 
0.80 ll'1t 1.0 kgCOD/m3·day ffllll'.itlf-1'1\Plfl19f'lf1fll'Vi &fl 0.54, 0.55, 0.47 trnt 0.52 m /kgCOD,emoved 

(~ri1111~'UU'.i'.it11fllffll'1t~Wttt:ii1iru~) i1im1ri'1'Ut1lCJf"1'Yl'U!Ut1'1t 70, 62, 41 U'1t 34 thtiY'Y11ifll'Vifll'.i 

ri1ifl coo l'U'.ituu!ut1"1t 89, 73, 66 LL'1t 62 

fl'1~'1ftl (2552) 'Yllfll'jftfllnfll'.i flliflUUlJ 1muv 1 'U 11Pl'.i l'il'U 'illml1tfft1Yhf llfffl'.i ll'1t iri ~1() • 
Ull~mu i,-cij, hi ht1 uu urnh'1 tJ~fl'1 un'UL1tl'U 'll'U rn 34,633 m

3 
~1tlfll'.i i l1 '1ll1J1J~ OL~ fl~ 'Vi1J11 

UlJ~mtiii-cij, 1u i'1tmmrnri1ifluUll 1llLUtlL'U 11P1'.il'il'U'il1ml11irvvhf m1nrn'1t irii~m~v!ut1'1t 78 ~1t1 

llll~fl1UffCJf1UL'1\P1'll'Ulfl 1.5 mm. mmw~1, 25,225 cm
3 
~ummwJ1lfftl 12 I ~O\Pl'.ilfll'iil1'1 20 1/h 

U'1dhtt1tnm L'Ufll'.itllJ~.iff'.itl111~J1lfftlf1UCJf 1u i'11P1120 min 1flt1 pH J1lfftll'Vhnu 8.6 

Ol'U'U'VI (2552) flflr:llf-1'1'llU~fJWlffJlJl'Ufll'j Lg 1fl'.i i'1iffl.j'1 iri~'elWl1tJii 30, 80, 120 ll'1t 150 °C 

tll].!'1 iriitl1m'.i1t11tt1uulJ 1ll1-wvuc1tth TKN 1flv'Viu110\Pl'.i11rlufJWlf .fJll\J~f inrm1m'.i Lg hn hcifir'ilt 

\J~~'U\Jllll llclt~fJW'11,Qll 150°C UO\Jl'.iln''J'UllUlJ 1lll'WVi'U 11Pl'.il'il'U~Ufll TKN l~ll'illfl 0.254 1il'U 0.404 

ivivunu~fJWl1tJll 30 °c UO\Pl'.iln'1'UUUll 1ll1-wviu 1m1'iltJ~uti1 TKN L~ll'illfl 0.254 LiltJ0.257 U'1t 

o & o o, 1 d 1 & 1/J ,( 'l 31 1 'l 31 
'Vllfll'Hlflr:llf11'.ifll'ilflUUll lll'Utl fltlfll'.i\Plfl\Jl::flU'Uf-1'1fl'r:Y\PlJ t'J'YI &'lfffl'.i MgCl2·6Hp 1rn:; KH2P04 fltl l'lf . . 
o, o "" 1 + + J • -=l' Clld d.~ & 

U\Pl'.ilff'J'Ul'lf~ ll'1 Mg2 :NH4 -N:P04 P 'YI\PlVlfl'UflU 0.7:1:1, 1:1:1 ll'1t 4:1:l l'ViUMflr:llfll'.i\Plfl\Pl::fl6'Uf-1'1fl 

II) .,, 1 ,,,j., '""1 J •'l3I., & ,J ., ' 
ff\P1J l'J'YI fltl'Vi1J11llltJU\Pl'.ilff1'Ul'lf~ ll'1\J~'ll'U 'Yll &l16\P1'.ilfll'.i\P1fl\P1tflU'Uf-1'1fltJ~'ll'U\P11ll ll'1ttl~'Vi1J11 

., .J 'l , o ., 1/J "i' 'l 31 ''l . I & ,. ct .,, , ., 

1,1::nU'U'iltlflfl'IJ'UlJlfl 1'U'lf1~ 60 min urn U'1tmmrnm'ilfl 1'U &\91'.il'il'U 1l1t1~ &'UJuf-1'1fltl'U'U'Yl'.itll'YllflU 

2.11 g itJ1mt'il'U/kg uir~1.1c1iri 1,ivuti1 TKN L'U).!t'1Lflt'1'1cl-3'il1fl 12.1 g L'U11Pl'.il'il'U/kg uir.:i1.1c1iri mnfl 

9.95 g itJ 1\P1'H'il'U/kg u,-\'-3).!t'I Ln 

cvc:t. d' d QI .q f:'I d ~•,l j/ o, tl r 
fl'fl'.i 'U 'YI '.i (25 55) fl'flr:l lfl'fl tlfl1Wf-lt'I\P1 fllcif')f'Jfll'Vi'il 1 fl\!cl l fll 'U Ufl'Jtl'.it U1Jtl~fl1'U ffll\j HU ff'J'Ull '.in 

1ilu fl17'Yl,Jt'IU~l11fffltlfll'Vifll'.if-ln11n1ciri1111'W 1 ~ tlfffl\11 V11 'Hn'1'U f-lfflJ\l cl L fl~ uJ 1 ~,nm n'l,J cltN'Vi1J 11 
QJ C1ri (N d. ..d.Q.I I G I I CV 

O\P1'.i1fl1H-l'1\P1fl19flll'Yl\J'Yltl\Jl'.i1ff1'U 1:3 un:; 1:5 l'Yltl1Jl'Yl1 TS l'Yl1fl1J 152,098 1rn:; 112,670 mg/I 

(TS 1.h::mw 15%U'1t 11 %) mmrnr-1ii1,1n1CJfUl'Yl'Um~mvi1nu 0.173 11'1:: 0.176 m
3 
/kg VS added 1vit1rnvi1 

101.36 ll'1t 103.48 1/kg 'llU-3).!t'I Lfln''J'U~ffU.:Jflflr:ll'Ylflt'IU-3'.it~iu,-\''tl.:itl~illim'.i 'Yllfll'.itnunmmw TS 

11 % 1v7m1ll~'Ul~'U'.itU1J 1flvt1nJ6mwn1'Uffll\j'.iW'llUlfl 24 11~(Jfll'jl~1l.Jl;;6:~~'U 30% 'll6~m1Jl\Pl 'j 

rl'~tl~mw 'Yl1fll'.il~'U'.i::1J1JU1J1J CSTR ri1u~mll'Yllfll'.i'YlflilU.:Jl~JJl~ll.J 1iwrl'.:i~ 1 1immw TS 5.5% ii 

'Jt l'.JtnmnmnuJ1 40 days l~'U'.it1J1JlllJlJ ASBR (i.:ivf.:ii11,-\'\P1fl\P1t flUUUJ1ciwJ1ri1u1irvf~) U-3~ 2 l'M 

mmw TS 11% '.itl'.Jtl1'11f1fllfiU 80 days l~'U'.it1JUUUU ASBR 1v7u1mt11Jtl1t1Um1J1W TS f1UU~~ I 
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ri11-Hi~~ 3 'hhHmtU TS 5.5% i'.htvtnmnmn'UJ1 40 days l~'U'it'U'UU'U'U CSTR l~tl'Vllfll'j 

llli fJ'Utl1V'UJ1llt'U'lJfl1'j l~'U 'it 'U 'U 11 lJ l 'W 'j t 'U'U 'Vl 1fl1 'j l~lJl~Oi~l'W 70% 'll 0~ thlJl\Pl'j o~il 6 m w O\Pl 'j 1fl1 'j 

~~d d.ei.~ v d IQ.I 3 
l!-Hl\PlfllCJf'lf'JfiWfVl!fWl'll'U'llO-:JfJ~'VI 1, 2 m'lt 3 l'Vllfl'U 0.140, 0.058 m'lt 0.112 m /kgVSa<lded ~lmHlfll'i 

'Vl~ClO~'W'U11 J1.JU'U'Ufl1'il~'U'it1J'UU'U'U ASBR i'.jfl11lJt'ttlJ1tfflJfl11U'U1J CSTR l~tl~~1flfl1'i ffUJ1 'i fJ 

f mntitl\Plt fltl'Ultll ifl~fl11 Ut'ltffllJl'ifJH~\PlnlCJr,r'Jm'Vi i~lJ1flfl11 l~Vfl~~llilJ1\U TS l'Vllfl'U 

Abouelenien uci:rnw:: (2010) fYfl'lnfl1111i\.nh<im1,,nrmi1CJfi'.il'Vl'U 1flVfl11f11,J~U{)lJ 1muv l~f.l 

t~V~fl11fftfflJUf.llJ 11Jt'UV~ii~rnti'UJ~m1Hn\PlfilCJfiill'l'U UOlJ llJl'Utl~t~flf)l,l,iOOfl 1~Vfll'i'Wlfl1C)f;'Jfl1'Vi 

'l m iCJftfiel ~1'Ufl'.rn9felITTfH~Of11,J~UOlJ iiituv ,i11ihtfll'iVOtJffellVU'U'U ilJiio1mff 1~tti'MlJCl irittl'U .. .. 

i\PlQ~'Ui'W'ittJtnm 4 days ~~W'ttfJlJ 55 °c ue1::ri1 pH t1lll'W~ 8-9 ~~Hci~i~ 80% 'llO~mmw 

i'W ilPl·H~mf~111J~ i'WlJCl iri~::ttJ~vm11.le1~1tl'Wuo1J 1iit'WtJ ue1::mm1on1i,iuvii 1iituvi ~ 82% it'it'U'U .. 

O~mjfHt'U'UU'U'YICJfl;f.llJfl'Ufl1t'U'J'Ufl11 Ammonia stripping ltff~~,l~fll'Vi~ 11 i~,ill'W'Ufl11i'W1t'U'UU'U'U 

U'U'VlCJf pH 111Ji'Wfli~ 8 ~W'ttfJlJ 55 °c mm10Hn\Pliil'Vl'W i~ 195 ml/gVSuci:: 157 ml/gVS ~1m.1e1 irimTn 

llelt].!t'l irimTnHfflJfl'Ul.jel irii,-,i i 'WO\Pl'il'f;l'J'U 1: 1 \PlllJ't)l ,l'lJ ';it,)'Ufl'JllJl'UlJ'\i'U'lltJ~UtllJ fot'Utt~oii'Wo~ 

ttlTfl'WOtJfl11 2 g i'W 1m1~U/k~ctsludge 

..--------i p -------, 
9 

' e::11 Q.J (:i OQ.J 1 d 

.fll'ri't1 ll 1t'U'Ufl11'11lJflfl1C)fUCltmt'U'J'Ufllrn1~~UOlJ lJll-W 

vim: AbouelenienUCltflW:: (2010) 

<!I o ~ 1 di ,. c,I d "J • i'J) 
Abouelenien UeltflW:: (2013) fffl'lflfl11fl1~\PlUtllJ lJl'I-JV 'Ufl11Hel\Plfl191lJl'Yl'U~lfllJCl lflfll(J \Pl .. 

fffl11tOtU'l1filJff~ ~1flfl11'Yl~mMHfflJlJCl inttlTfl (treated chicken manure, TCM) UeltlJCl inff~ (raw 
q cu cu cu cu 

chicken manure, RCM) ~om1riTu 1: 1 'Vi'U11 n1CJf;}'Jfll'Vi~HU\Pl i~viiui1<1 23.5-55 I/kg 'lltl~l.!" iri!vv 

ci t iil'Vl'I-J~Hn\Pl i~tJ1::mru 70-85 ffllJl'ifJf11'1~UtllJ ilJlUVi~o~ 82.7% 1~afm111:;,1rnt01J ilJl'WViuo~ 
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. I "' .,,, g/d. gJ ' "I i .ct ~ gJ ' ,Clo (:-I d 

u{]f1'.iW l11J'I-Hltlf111 3.6 g A'U t~1 'rnl'I-J/kg Ut'l:::l.rn:::Clf19l'Yl'I-Jtltlf111 20 mmol/kg Ht'l9lf11Clf1Jl'YJ'l.l'~~lJ''fl 324 

' "' "' ml/gVS Uff'fl~'fl~f111H'YI 6 

TCM 100% RCM:TCM 50:50% RCM100% 

14.6-28.2 7-22.8 23.5-55 

67-80 55-74 70-85 

79 77 82.7 

,,,,,, 'l'"" 
fl11l.Jl'U1J'U'I-JUEl1J tlll'I-JU (g 

1'1-J if1mrn/kg) 
<2 <2 <3.6 

,,, ,,, .., 
fl11lll'\Jll'U'U El:::CJ1111'YI (mmol/kg) <22 <36 <20 

8.1-8.7 8.5-8.9 8.4-8.8 

.d . 
'Yll.Jl: Abouelemen 1rn:::flw::: (2013) 

l"Mrlc1'fl'fll (2555) 11nmm1n1ifluEl1J i1J1i1uh1 i1111\l'UUt'l:::vfom·foi'ffiml11ii'uvhf11irm iflu 

1nf11'Hlf11!:::f1El'U~1Ulf1~{)U1Jf)'W1ClW1J ffmHnl hw1H'1J1:::i1JfllpH 1l1lf11J 8, 10 1rn::: 12 'U1ll1W 

u1.Jnihciru1Jin1-w11 2, 4 un::: 8 g un:::1:::u:::rrn1lumrn1u 5, 10 un::: 15 min Hctfll'.i1iuw1J11 ~'.i:::i1J pH 

1'Yllf)1J 12 li'm1J1tumntlUlJO'WtcirulJC)f?H'W91 8 g '.i:::u:::r:unlumrn1'1-J 15 min jj,J1:::~'Yln.fl1Wfll'.if1l'ij'fl 

11El1J L1J1'WU1'1-J i91'.i1\l'UlflUct::: 78.81 Uff'fl~i~mw~ 11 ~1:::i1JfllpH 1'Yllf)1J 12 m1JlW1f1~{)111Jf)'W1ClfUlJ 

C]ft'l1'W11 8 g '.i:::t1:::nmlumrn1u 15 min iiiJ1:::ih1nfllWfll'.if11\l'fl'WOff'W01'1'76Ut'l::: 58.17 1m:::flnm11iiiu 

vru11 1n~m11Jnu1cim1Jim-w11ihh ::: ff'YI ii ml'l 1um101 i~mo1J i 1J1i1u 1'1-J1111111'1-J1rn:::-woff'W t1 i' ff\l 1nJ 11ii'u 

o' ~ y 4 .ct d 11' d rl' ,,~ o Q,,I 

\11n-w1 '.i 1J ~m i 'flt11nm111n11::: n uu ~ 1mnt'l 0111.J nu1CJ1t11J ~urn:::1 ilu ,J '.i::: iu'lfmrnr::irn u~ ~ml '1-J fll'.i1J11J ,i 

~ d ,I ..-8 ~ r d _J ,I 
'U11ffU{l10'W17llq'nl1WtlfWIOlllHlll:::F-mm:::'Yl1J{J10'U1lffVTI1rnq"m 
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Niu 11r1::fltu:: (2013) 'fllfil'jfffllllfll'j't1lfon1'1fii1'Vl'U 'M1.:J~tl.!l1 IJij'lh'W n m.:i li\jrl 1ti11'.lu191Q~1J 
,, 

i,ivlio.:imjmmu CSTR 'l.l'Wl,1 12 I ';i:;v::11,nhrn11~11iJlJ.:Jl'Wll•rnlJ'1 400 days 1.h::1iJ'UFH'l'l.ltN 

..,td .. .l ,, "" ,,a .. .,. 
m::1J1'1.Jfll';itm::n11vuv.:i'Vlm,1'l.l'W 'W'lf1.:Jf117lJl'l.llJ'l.l'W TAN 2,000 mg/I fN 16,000 mg/L fl17i:-lll91fll'lf 

"' "" "I .P - I"' - I ' "' .Ji ?I """I " ' " V 'lf1fl1Vi'Vl &~l 0.35-0.4 1/gVS•ddoo llll::fll';il11rlV'I.JU11rl.:JCOD l'VllfllJ 68% 'lf.:Jl11'WHrl'Vl &'1'lf1.:Jf111lJl'l.llJ'l.l'W . ,, . 
TAN ~1fl11 5,000 mg/I iinn1n'1fl17U1JU.:J'l.lfl.:JllfllJ 1lJl'UVl'Wfl.:J'illfliifl171~lJ NH4HCO3 f11'lfi1fl1Vilm:: 

fll'jttJ~VlJLllfo.:J COD rl'1rl ·!HiJ'I.J 0.3 1/gVS.ddoo Uri:: 20% ~ TAN 1'Yi1n1J 10,000 mg/I 1m::11itn'1fl1';i 

11.l~vumJM~'I.JllltJ~ TAN 1Yi1n 1J 16,000 mg/I mr~'illfllf1,Jfll'jU1J5.:i1~'fi1fll'jlifl'il1.:Jllrl::'lf::~H'j::1J1J 

i,ivr1,immw TAN 1m:: FA 1i¥mtifl 4,000 mg/I 1m:: 300 mg/l 9171Hlli1J 11r1::111Jmrn~91117'lfi1m'Vi 

1 l11iflflflf .:i i,itJfl7'j i:-1~91111'lfi1fll'Yi~ ,~ni1n1J 0.5 1/gVS.ddcd 

Methane fermentation of chicken manure produce much Nll4 ' which caused inhihition: 

lnhihitK'n imn.uw failu-c .. ~ 
.,: 

1eoool: 
~ 

:tb 
12000~ 

-0 
-~ 

8000 ~ 
.:;! 

" 
.-000 ~ 

> 

__ z_ooo ____ ww __ row_.:::.....:.:..:'°=ooo=· =='=20Ul= •=='4::Uo==u l l>OOO:==::':!:twou Total ammonia 
~ (mg:LJ 

J!OO J6tO free 1munoni..1 ••• MKI 1200 IMlO ltClfl 1-100 l MOO 

The fai led rc:,ctor w:is recovered 
by co1llrollinM, ommuuiu 

(mi;'Li 

' .c:f, Q.IQ.lo'' ,,,, i.cl' <c:t.e"i 

.fll't'i'rl 13 fl11lJ illJ'YilJ 1i 1:: l11Hfl11lJ!'l.llJ'l.llJUtllJ tlJl'I.Jll\;J tlfll'J° ffMlfllCJI' 
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~lll : Niu Ut'l~'fltU~ (2013) 

,J,fu i'\Plu (2557) ffnll1r-rn,io-:im1 t~ll.Jl_!t'l iriut1~l_!t11 'fl~oiJn:if'Yllifl1'Yl 1 u m':i f-l~\9lf11<llf;1flTW'illn 

'Hq/ll'Wlilt1f iJ1n.Jio~ 1 1~vo-:iul'jmwu1J1Jf11'W ffll\j':iW ':i::i'IJ'H o-:i11i]llilf11':i'\J'W1~ 20 l l~'W ':i::'IJ'IJ~VIPl':i 1 

ilm-Affl':ifl'U'Y11V 1.5 kgVS/m
3
·day 'fl11lll'Umi'u,io~,io-:iu~-:ii-:i11ll~ 4% l'llf11':i'Yl~rto~~~ru11t;iii 35±2 °c 

1~v1i'tlh.nrul_!t1iri O Ut'l:: 0.41 kg trn::l_!'11'fl O trn:: 1.45 kg ~el'Hq/ll'Ulilvf 1 kg IPl1ll'11i'IJ 'Yl'IJ11mlllru 

c,1 "' 0 d, 'JI 3 "" "' ' 1 l 'JI 'JI ';;'I _, _ I ' ?I 
f11C)flJt'Yl'U'illl'Yl1::\T-:l~~'Yl ~ 0.255 m CH/kgVSaddcd lf1~'illf1f11':i'Hllf1tleltl ~ti 'lf'Hqjll'Ullltl':illlf1'lftl~ 1 lll'W 

')\,l ti ~'LI 'lfU ~l~ tl1 ff1'U m llltU f)l<llfiil'Yl 'W '1m1::~, ~ 'il lf)fll ';j 'HlJ nuovi 1ll ':i::'H 11-:l '\1~1l'U Lil v1 trn:: lJ '1 ff \91 'J • "H ., 

i-:iffO-:l'lf'U ~ '11q/1l'UliJtJf tfol.J '1 in Ucl::'\1 q/lllHiJtJf f1'Ul.J cl 1t-iijfill'V11f1'1J 0.190, 0.168 Uri:: 0.139 

3 0 "' 

m CH/ kgVSaddcd \,lllJflWl'IJ 

ill 
c,I d 

"' Q ':ill 1 W f11 C)f 1H 'Y1 'U 

"" "' .. 
o-:iiJi]mw 

nm nm n 'IJ OLR 
ffl':itl'U'l'l':itJ C/N 

3 
ill'Yll:: 

(day) (kgVS/m ·day) 
3 

(m NH/kgVSaddcd) 

'JI ii .. 
l-1\l.llll.H tJ':i ., 

CSTR 20 I 48.01 0.255±(0.021) 27 1.5 
(VS=4%) 

'JI il .. 'Hqjll'Ul tJ':i 

+:Uri 1 'fl+l,lcl 

S:1ti=tfS:SS~ ~\(-~'fl>) ffii!OI fl 1~:~4 L~ 
'JI m"' .' 

~';i . . , , . ~ . ' ' •.,•¥~" ·· '· 
,, . .. , .. -;... , ·- .. 

·. 
'JI ii .. ·~ , . ... ... . ' 

'Hqjll'Ul tJ':i . . 

+imiri .. CSTR20 1 27 20.2 1.5 0.174±(0.011) 

(VS=4%) 

llrt tfl ., 
CSTR20 l 27 21.82 1.5 0.071±(0.006) 

(VS=4%) 

3.!t1iri 
CSTR20 l 27 9.27 1.5 0.085±(0.007) 

(VS=4%) 

~lll: 1.J1'U1IPIU (2557) 
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Wangtrn:::fl ru ::: (2014) fff)1J1 J:-Hl'Ucl .:J eJW '11 fJlJ1nl:::fJ\9l'J lri1 'U m f 1Jc:i '\.Jlli O, '\.J 11.rH ,J lJ ~i'.illi c) 

1.h:::i1V11i m 'Vl '1 'Wm n ic:iviYinvmm 11J'1 to1mff'll c:i.:i1.1" 1fl 1.!" in 1rn:::vh.:i-u11 '1 'Wm1ffn11rn11111rlc:ir~1J 

c:irum1ii ,1::: ri .:i r-rn '1tt'ff'm.1m'Vim'J H~ 'fliirvmr~1Jt'\.J ui'l'W1:::1111.:im111l!n,11nc:i rum1ii 30-40 °c ~.:i 50-60 
q qJ q cu 

°C fl\9l'J 7f11'JH~ 'fl i'.it'Vl'U '1 :::fl'flfl ·H~O.:J,J7f)iif11'J ff ::: fflJ'Uc) .:JUc)1J 1111ilv l '\.J 1m l,JlJ UcllJ 1111iltJVff'J::: llfl:::1n'f'I 

f11'JV1JJ .:i'llo .:i1rn1J 1111ilvt'\.J f17'i tJ1J5.:i'l.lo .:i110 1J 1milt.1'V'l1J~om1ri1'W m f m rnic:i l'\.J l'fl'Jrn 'W~ 15 c:iru11flii . .. 

'il ::: ri.:iHfllliouc:i111mtimm:::ff'nvm'Vltr.:J".)''f'l'l.lfl.:Jf11 '.i ln'f'liim'W i.:ifl'fl'J7 "1'1'Wfllf u c:i 'Wlli c:i l'\.J 1\9'l 'Jl'1'W~ 25 1m::: 

30 v ru 'Hfli1 35 °c u fl::: 55 °c 'fllmhiu 1rlo~w11 nii1vt1Jt'W U'fl11ri1'Wmf 11v'U~o i 'W 1'fl'H'il'W 'i1 :::io~ 
q ~ ~ ~ 

rvt lJ t 'U,r 1 u 1vl Of! 'flfl1 llJl~tJ.:J i '\..I nl'Hfl'fl f)l 'J Ju5-:i'IJO.:JlHllJ 1m ij tJ Hf! 'i)lfHll'i'Vl'fl" O-:J'Vl 'U11fJ W 'H .t.Ji'im 1::: 

e)'fl 'J lff1'\.J m f 'Ucl'\.J~c) l '\.J l'fl'J I 'i)'\.J iifl111J illJ'rl''\.J n~m.h:::ff'Vlfifll'Vlf)l'j OcltJfff!ltJ 

Nie uf!:::flru::: (2015) ffnm m1m:::'Ylt1'\lfl.:Jfl171Jl'U1J'U'\.JIW1J 1mtiviv1.h:::ff'Ylllfll'VlU":::1ffotJ'J fll 'Vl 

'IJ U.:J f11'J'Hlf n 1'f'lv i tl,l" 1ri1i'.l'U 1'flQ~mf .:ii'W'lfU'fll~tJ1 1i'Yllf11'J 'Yl'fl"c:i.:i 1,iv i ie1.:i111Ynn1mmullic:i1~u .:i ~ 
f_J W'H.f.J" 40 °c i~l'VlflUfl stripping i'W f1 Ufll i''flUfllJ 1111i'.1vvv n,11n'IJV.:Jl'l1fl1 1m :::1 l 911fl f!H ~ 'fl fiWt;1 

t ,,_j ,,, ,,, 1 d i ., ., ., ,,, "" d<I IIJY 
'YM'HlJ'fl l'VlOfl1'UfJlJfl1llJl'\JlJ'IJ'\.J'\lc).:JUOlJ lJl'\.JtJ 'W(M'HlJf) O'fl'ilm'itlO'\.JffUO'\.J'Yl'Jt.l 5.3 gV S/l·day l'i>l 

ri,m~u FAN 0.77 g/l Ut1:::mmrun1ciri11'Vil:::~i~ 0.39 1/gVS 1rlm~1JU'fl'i lf11'il'J0 '\..11Yl'i6 'W'Y11o ti'.l'\.J 6.0 

gVS/l·day 'Ylli11"'iiri1m~t.1 FAN 0.86 g/11m:::m1J1Wfl791i71'Vl7::: 0.271/gVS 

c2 QI I .ct I ~ I QI g/ -::ti ,/ G) 
Weerayutsil Ut1:::r1ru::: (2016) fff)lJ70m7l'l'1'\.J'Yll'\1lJl:::iYm::: 'H1H\jtl l f1fl'U'H t!Jll'\.JlIJtJ'j l'\.J f)l 'j 

11l!ml'U'U llJi -Nmmff,i'1v1:::1J1Jf11'Jl1lTflU'U'UU1J'Yl91 f)'fl'J7ff1 'Wfl71m:J'\.Jio 1 'W 1'fl'Jl,JlJ'\Jc).:JlJfl ifirvhn lJ ., 

8.22 1m :::e1m1ri1mnf 'UO'Wllic:i l'W 191'il'i)'\.J'\Jcl-:Jmy11'\..11ilvf 1vhnu 39.35 'Y17f11'J'Yl'flf!c).:J~e)'fl'j7tl1'W'Ucl.:J1,jfl 

\'] , a., 91 ~ I ti d !', .d 
1flf1'Ul1tlj71'Wl1JtJ'i 1:0, 3:1, 1:1, 1:3 1rn::: 0:1 'i:::u:::nm 48 days fl1'UfjlJ'mlJlW'\Jcl.:JU'IJ~'Yl~'HlJ'fl 'Vl 2% 

'Vi1J17~U\9l'i7ff1'W 1: 1 itt'mmruiimt1 64.4% it1m'ii"M1\9lQ~mf ~1m,iJ,11~v1 l'lf'W \Jrl l1ll170my11'W1ilvf 

'i1 :::ri.:i~c:im'iH~'fliimt1 i,i'i,1J1~11~ 1~c:i.:i'i17f1eJ'fl':i7"1'1'Wfl11'Ufl 'W~c:i l '\.J 1mt'i1'\.J'\Jfl.:J1Jj;j 1fii limm::: rirn i' u .. ,, 
m 'i1-11Y n m 11::: i m.1 t1 iriiim1J1ru 1 '\.J 1c,i11'i1'\.J u ~01'i1vi1 i tt'1nflm1 a~Jum-s 1'i11 qi1~u 191'\J tMu uflvii7 vn~lJ 

H~'flijl'Yl'\.J '11;01-1qj'11'\.J1iluf ri-mn~mf!'ot.11 m'Vi'IJ6•mn'l11Yn 1~ o.:i'i11mn'f'lm'l'fl':::f!'1J'\I o~ VF A hn:::1Ju i '\.J 
J t1 'flo'\.J LB 1m l l;lCMtl\11nm1dm.119fj;j~ !J;lff'l.lfl.:J'Hty11'\.J1ilvf 

W lazlo1m::flru::: (2016) flfl1l7fl171llil'W i'I.Ji~'\.J fll'i iio::~lJl'\.JCM~lfl'fl 1i'.l'Wi1~flCJf'UltolJ 1mtiv 

i'U\j tl in l flVii t"lfl~tJlJl'U'\.J l'Vl l'\.J t (B) Uti:::cif !fl itit (Z) 1:::irnrn1J ! 1JliitJj;jflj;jW07~iitl'vri1ri'ty~l'lJ'\.J I 'YI 

i tJ t 2% 1m:::cir1v ij;jt 1% ti1m~t.1fl1 'iJ;l'flj;j.:Ji~1111'f'l'l.lV.:im'i 'Yl'flf!V.:ivdltJi1~ 26.41-29.04% ~ .:im'Jli ., 

c:i~~ii1 'W ~~lfl\9'lff71Jl'i oi1t.1f!'f'IUtym 'i11nm"J'I.Jrivvuc:i1J 1muv,i1nvl1f 11 i fi ii 
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Experimental groups 

m-w~ 14 '.itirnrn:u 1miiu~c1~c1.:i'\Jo.:iuic1tnzj:u i~uri nzjm-rrnrJll (K), 1 % !C)ft~um1J'W 1'Yl LtJt (B 1), 

2% 1tJn~u11t1J'U 1'Yli'Wt (B2), 1% 9f1f:11c1t (Zl) uc1t 2% ;1oic1t (Z2) 

' 
-nm: Wlazlo um:fltut (2016) 



vll'H~~ 8 ffg D i1'l'J:: ffl'fl qi,i 1f)fll'Jffml1Ucl:: 'J 'J'lJ'j 11J-u' tll.jcl-:J l'U ii ti 

f1itJ (il~iifJ) 

mnrui (2541) 

.: 
lf1t!Q'1 (2552) 

i 1-u' fl~ 't11 m 'j t1 m,n I in m 'J 'Yl ,i cl fl-:i ri cl fll 'J 'Yl ,i cl o-:i 

fll'Jfll~,l l'U 1,m,iu1m::~flmfofffi'UJ1 I -mmwJ11~t1 11 
' ,, 

d. 0 Q,l ~i" - 'J :: v:: n cl 7 'Yl m m :: tr lJ m '11 'J 'lJ 'Yl -:i 'H \Pl n \Pl :: n fl 'U 

vi-:i~~-h'Um'Jtl1,j,1,i1n11m~hJt11mffl,1tJ I -t1fmj',1'J1n1'U111 70, 90, 100, 120 Ucl:: I 60 min .. 
fll 'J ,m ,i:: n m.J 'Yl 1-:i m lJ .I"' ., ,, I .., d d ,d 

140 rpm ll'J'UO\Pl'Jlf11'U'lf110, 20, 30, 40, - 01l'Jlf11'Ul'J1U'1::'J::fJ::1Tcllf11'Ul'J1'Yll'l1lJ1::fflJ 

50 un:: 60 rpm 

- I., d 
- u'Jm::t1::ncl1n-rn1'J, l , 2, 3, 4, 5 un:: 6 

min tJf1J'J::tJ::r:rn1nTW'Ml 5, 10, 15, 20, 

30 un:: 40 min 

,, i ,, 
- Yi-:i 'Hflf111::mn.J 10-120 min 

- mmwm'J~lJ 30-550 mg/I 

- mmwrrlflf1mrnfl h; 40-230 mg11 

- mmW~'U'l.l11 200-1,500 mg/I 

. .., ,, ,, 
100 rpm 3 mm Ofl'Jlf11'U'lfllm::1::t1::nmn,'U'lfl 
' .. . 

'Yll'l1lJ1::fflJ 40 rpm 20 mm 

• ~ I .cl ,, . . I o' 
- urn1wun::m pH 'Ylmm::trlJ'I.IO-:JffTHrn 1-no'J 

1mrno i 1fl un::~'U'l.l11 1l'i1n'U 250 mg/I pH 8.5 , 

160 mg/I pH 8.5 1m:: 600 mg/I pH 2.5-3.5 

,11mh~fo 

• I "' "" 0 
"' " • • I ,1 - u'J::ff'Yl1iill'Yifll'Jfll,J'1 TKN '1.10-:J'ffl'JfflJ ITIO'J 

1mrno l 'Jfl Uclt~'U'l.l111l'i1n'U 24.07%, 23.46% 

1m:: 24.9% 

mrn~,i n1CJf;bm'Yi,i1nm ::u ,'U fll'Jl'TlJn - H'ti-:i111J1Jn,'UtrlJ\j'JW'l.l'U7'1 1 o I 3 
- OLR 0.40, 0.59, 0.80 un:: 1.0 kgCOD/m ·day 

1'1" 'i ,,~ .. ... ... ,, ..,, .. .. I ..,, ~ .. ,,, 
UtJ'U 1101mr11,it1i'lf'U11trt1'l.lo-:i h-:i-:i1'U - tJ11Jom1ilfl'Wm'Jfl'U'Yl'JfJ 0.40, o.59, rin11mCJf•.tnm'Yi ,1 o.54, o.55, 0.47 ucl:: 0.52 

3 
0.80 1m:: 1.0 kgCOD/m ·day _ .. _ .. 

. I"' .., , I ., I ~ .. ..., ,, 

- lJ'j'lJfl,J'jlfll'J l'Tcl 0.82, 1.22, 1.64 1m:: - 011H'1'1'UfllCJf1Jl'Yl'U'Yl ,i 70%, 62%, 41 % Ucl:: 

utl-:itl''Uir1tJ::mf-:i111.h1tJ 
3 • .., 

m /kgCODremovcd 111lJ'11'1'U 

2.05 I/day 34% \PlllJ'11~l'U 
~ -



m ,i t1 (tJ ~ 1 ,i t1) ., 

~ !1 Q.I 

rH'l11'1m ur1:::r1w::: 

(2552) 

,I 

01'\..l'W'Yl (2552) 

. 
Q19-'do d 

r11 '\Jo 'YI ri 1m rn n 111 
..,.... 
11i fl1 l 'Yl,HlV~ 

- HRT 4.4, 5.5, 7.4 1rn::: 11 days 

~i'lfl11'Yl<;1'10~ 

- 1h:::ih1im'Vifl1'jf11,i'<;1 COD 89%, 73%, 66% 

1rn::: 62% ,11m11iu 

fl17f171i'~U0lJ 1mih.1ilJ 11111'1'U'1lflJ11fft1 I -rrr1~uuui1rttN'\JlJl,J 33.663 1 - '1i'11lJ~flliirr;1viri~ri1'11'W~'\J'W1~ 1.5 mm 

llilJ1W 25.224 l ~OmlJlwJ11fft1 12 l 
,.I ,/ 11) I fl d d 1 i ,/ 
111rnrrm1rn::: 1n ~1t11111.:imurr9f o Ml • 

. 
0 ,Q. ~ Qjl 

- ~11uumrn~W'l1iJl.1'110~ 

l 'WU 'UU '1'10~ fli'l 0~1lJ11tl'W - J11fft1ihhuolJ llJ1tit1iu 11111,iuoQ - 0'171fl11i'l1'1201/h 

l'W'lf1~ 20-25 mg/llrn:::~1 pH OQl'W'lf1~ 7-
I f d -m pH '\JO~'Wllfftl 8.6 

" 9 - 7::: tltl'.lrl1 l 'W fl17 ilJ H ff'W 11 fftlf1'U UlJ~fll'W ff; 

- '1i'ulJ~fl1'Wff;1vh~'\J'W7<;1 1.5-5.0 mm 1oirt~ 120 min 

1rn:::rirnu~'lJlJ1<;1 1.5 mm - mm1t1n1,i'~u0lJ hi1iit11u 111rn1um~v 78% 

- i.Ji'U0\9171fl17i'l1i'l'\JO~J11fft1~ 20, 40,60 

1rn::: 801/h 

" Q/QI o~QI 

- nt1:::t1'11fl17fflJ~ff'\JO~'W11fftlflU 

"' "'1 i " umnTWff9f o '111 30, 60 1rn::: 120 min 

,I':= "' "'1 11) ., Q J' ..d 
- 111lJ7WUlJ~fl1'\..lff9f 'ti 1'1\91Ul7~1\91lJ'Vi'W'YI 
da QI 

'Yll.J7t<;11Jfl17lJ~~ 0.25, 0.5 trn::: 0.75 '\JO~ 

uurnhr10~ 

nuri11i~U'tllJllHiit1i'Wfl7:::U1'Wfl17 - '1i'J11.j'11f1~~1'Wfl17h·1~1ir1;rr~ l~lJ MgCl2·6Hp 1rn::: KH2P04 l~v1;om1ihu 

ie11mir1;rr'Yl1~m11J!m.J'\JV~1.J"iri1~t1 fJW'11iJij 150 °c1~w1m 1 h 1i~llJ'1Mg/ :NH/ -N:PO/ P ~ o \9111riTw 4:1 :1 ii 
4d ~ 11) ., "' 1 ~ "1 , I':= ~ 
11i\91fl~rlflff\91J n'Yl - 1\91lJffll MgCl2·6Hp 1rn::: KH2P04 ~ti 0 \9171fl17<;1 fl ,1tfl0 '\..1~'1fllrn:::111lJltU\91::: fl0 'W ~'1 fl _t 



m,iv (il~1iv) .. 

., "" .. 
ft'fl1tJ'V11 (2555) 

AbouelenienLrnt 

flWt (2010) 

- ---

a., v d o 11!9 
'111 '\l o 'YI 'YI 1 m rnmn 

C>d 

11ifl11'Yl11'10~ fH\n71'Ylf!'i;l0~ 

ui'utrm1ihtJ1i~ llJ'1 Mg/:NH/ -N:PO/ j 1J1n~-ey11 ffll.Jll(l'i;l~fll TKN i'I.Jl.j'i;l lfi,Jlfl 12.1 

P0.66:1:1, 0.65:1:1, 1:1:1, 1.2:1:1, 3.4:1:1 I g i tJ l fl 111l 'W/kg 
,, 1'J ' ... 

U'IHlJ'i;l Lfl 1'\1'1tl 9.95 .. g 

1m:: 4:1:1 

.I"' ' i "?t " - u 11Jfll pH l111JtJ 8.5 ,nv NaOH 1 N 

itJ 1,111,itJ/kg uir~2.1"'11n'\11oiiu1::ff'Ylnflw1m1 

n1 ,i~ i tJ l911 L1l 'U i ll'o ~i tJJ u ~ii nvihJ 'Yl1 ti'i,r 

17% 

., """' d i,,J' I ., I ii'' t 
ft'flflfll'Wfl11~'19lflll:))''lf1fll'W'illfll.!'1 Lfl1'Utl - OAH~1tJlJ"'1 LflAO'Ul 1:3 Lm:: 1:5 

Cl d' dQI • 

- fl111Ltn7::'\1 BMP 'Vltl9117ff"J'U 1:3 1m:: 1:5 
,, ., .. 
,11v1::um1~mtJiYl.l\J1W 

,, ~ , 
- HWi'l::'\lO~U'\l~ 'U1::1J1J 16.5 Ui'lt 11 

.... F-: C. ~ d. 

urn1w TS 15%LL"'1t 11 % ffllJlrn~MlfllCJflJL'Vl'U 

... ~ I .d I ., 3 - 1::vtn'i;llflfllflU 10, 20, 30, 40 1rnt 80 m"'1mmnu 0.173 Ui'lt 0.176 m CH
4
/kgVS,dded 

days 'tt1tJ1'Yi1nut1,111tlotJff116'U'Yl1 fJ 5.4, 

2.7, 1.8 1m:: 1.35 kgVS/m
3
·day 

- L~'U1t1J1JU1JU ASBR !mt CSTR 

- flTUfJlJ~W'\1fJlJ 35±2 °C 

m1ui'11u1 ~nnmfot111:))'ii1'Vl'I.J'\l0~2.!'11ri - mmw~liitJflll'ttlffl 5 1 

l,1flfl11f1l,lf!UtllJ llJLi1fl1llflfll{fil:))'Lf1'1 - fl11lJL11itJfl11fl1tJ 10 rpm 

- ~{l~flfl11ff1'Ul.!"'11f1'11lTfl~OlJ'1lf1ff,) 1:1 ,,r 

d 

lJL'Vl'U 157 ml/gVS 
al d 

flll:)j'')j''Jfll'W -HRTIO days -ml1llfl fl11 H1

l.l'i;l 1rittlTflL'Yifl~')j'U~L~fl11,rnL'Vl'I.J .. 

- tr,111ri1tJ1Ji'l inl11Tn~o2.1"'11ri""" 1: 1 195 ml/gVS 

-PllLU'UfllWWhf~Wl1iJll 55 °C fll pH I -ffll.J11tlf1l,1,1UOlJllJ1i1fll; 82% 

.,;,, I ,,,, 1"'i ~' L1l.!9l'U 8.5-9 - fl11JfJlJfl11lJ1'\llJ'\l'U11tllJ l.11'\.W 'U1t1J'l.Jmfl11 

- Flask'\llJlfl 500 ml rlrni'un1,i',1 I 2 g ltJL,111,ltJ/kg'\l'eMl.Ji'll fi e 



fi,fo (il~1it1) 

AbouelenienU'1t 

mu: (2013) 

.,.,., 
'YNffi'l<;l,11 (2555) 

Niuirn:flru:(2013) 

0/ 9,l.do ~ 
'111 'll ti 'Yl mm 1 ff mn """ 11in71l1fl'1f)~ F-l'1f111'Yl<;1 '1tl~ 

1 "' Q 'I I i" UtllJ lJl1.Wfl11lJ111 L1.Jf1111'\ltll 35 rpm 'l1 

n•rncfo~n 2 N 

mnhic;iuvlJ LlJ1i1tiu'1 : m1F-l~9ln1cir l -J1,-nTn'llt1~mn91:m1u 3.2 kg - flmlff11.Jl_!'1 inmjn~tllJ'1 i n i rn I :1 

iimu,11nlJ'1 irimvi;vumflihr~ 
cu q " " 

t o, , t ..:;, '1 (:'J .d. .d, !/ lit I 

-1.J1'111.J f)'\Jfl~lJ'1 f)fffll1lJPllJ 80 g - f11CJf'lf1il1'Vi'Yl <;l 23.5-55 I/kg \l tl~l_j'1 Lf) 
ti t t ' 

,::,,, <&I " 4 Q o I d d.11 JI 
- 1\vllJ'ff7Hl~911.J11HltltCJ!'l\Pl'Yl,llf)11 3 - lJl'Yl'iJ'Yl Lfl 70-85% 

mmol/kg - f)11f11,l,1Llt11J ll.JlUtJ 82.7% 

1 "' 1 .,., "" <:I - '1,tUtJlJ lJllJtJ fltln711 CJflfli'lf)lCJf 

- 6W'l1flii 55 °C . .. 
-1:v:n,nium1Pi11ih.Jnu 60 days 

- fl171JL71ium1mu 10 rpm 

i " ., .. I'= ., ., 1 "' 
- 'lff)Wlcif'1lJ1f1flf),l1JlltllJ 1JllJtJ 

f)1lf)l,),111 fl 1J l 1J I U tJ i lJ l \Pl l I ,l lJ U '1: - J11fftJ 1 l F-l'1~~~irc;iium1ti1ic;iut11J 1wi1viu L\Pl11,1u 

-ii1:v:nm'lum1n1-u 15 min 
~ ~ 

rfoir~t1fn'l-utl11fftJ'Yhrnirm L<;1tJnm1 - 1H'1J pH \ltl~Ul 8, 1011'1: 12 

.... "'"' \vi n\P'I: n vu c;i 1mn i, v111Jn u1 cirt11J - 1~1JU1Jf)Ul;tJlJi'1l~Pl 2, 4 11'1: 8 g -pH 12 

d ,::,,, ,d Q d 

- 1:v:11'11n1u 5, 10 ui,: 15 min 'Yl - 1\Pl1amrnu1Jn-u1CJ!'t11J 8g 

fl111JL11 100 rpm ihhd1'Ylnm'Viium1ti1,1c;iu v 1J llJIUtJl lJ l \Pll l ,llJ 

78.8 1% 

f) l1 '11 1fnn1CJ!'iil'Yl'U'\l fl ~l,j'1 l fli1.J'lh~ - mmwiunwr11tmM 12 1 i tlmJ1J\16 ~ 

?J tl! '11 iJ" tl11.J f) '1 l ~f)HU fff)'jfl i lJ 'lf'l~fl 111J f111'Yl,1'1 fMl~'UU1J1J CSTR 

.d ~ r a 0 

- 'Yl TAN fll f)11 5,000 mg/1 ffllJ11tln71F-l'1 \Pln79f 

l~ 0.35-0.4 1/gVSaddcd fl l COD ltl~tJtJU'lfo-:J i tJ t 



Ff)ifl (il~iifl) 
Ql'J).do IC:'l 

'111 '\J ti 'Y1 'Yl1 fl7 'Hl'f1ll 1 """' 1ti fl WYlfl ft tM F-lft fl7 'j 'Y1 fl ft tl-:J 
- ~ 

1"1Y1Jiu''Uut11J i1J1ufJ 1ffnflu11w m1tl'rni-:i -~W'Hi.:Jni'Um11111utJm1 35±1 °c '11f1L~lJ 68% 
0 

.., i~ , d i 
llfttfll'J'Wlflft'UlJl 'b' LlflJ - fl111Jl'J1 'Ufl7'Jfl1'U 200-300 rpm 

,:s ~ ~ \qj/ 

- 'YI TAN 1 0, 000 mg/I ff1 lJ1 rn f11 'j H '1 11 fll C))' t fl 

i "' d 
- 'Jtfltl1ft1 'Ufl7'Jflfllfl'U 30 days 0.3 1/gVS».ieclfll COD 1tl~fl'Ull ti'1-:J l 'U 1llf1L~lJ 

,, Q,l~t,, t i 
- ilel'W111Qfl1J11-:J11'U 12 flH/days ,w 20% 

.~ .~ l .., . .,. ,, 
lJ'JlJlW 1 % '\J'eFIJJ'JlJlW 'Wfll'J'Yl,tftel-:J l1M111fl'Yllfl111~el1lNllftt'b't'11-:J'Jt'U1J 

' ell l . .,. 
- fffllll 'U'b'1-:J'\Jel-:J TAN 'Y1 2,000-16,000 ' 4 

- fl1 TAN '1'1Mll1"el 4 ,000 mg/I 

mg/1 
t 4 -m FA ";rn-:Jnrnt1 300 mg/1 

"' "' "' i 'lJ" -ffllJ1HlF-l"91fll'lf'))'1fll'W '\11J t,1 0.5 1/gVS.dded 

F-l ft '\J el -:J tl 1'J l ~ 1J 1J '1 i ~II":: 1.J ft i fl~ el I -t1-:JtlOITTfll ASBR 4 tl-:J '\J'W1,t20 1 - Hft111tlfl7'J W,uy'11-w1ilvf 'b'u '1l~fl1 i;n,"lfiil'Yl'U 

.I "' "' i "' c<J "' d i o 3 lJ'Jtff'Y1tifl1'Y4 'U01'JH'111fl1CJf'))'1fl1'W,J1fl - fl111Jl'J1 'Wfl1'Jfl1'U 100 rpm 'Jtfltl1'11 '111Yn:: 0.255 m NH/ kgVSaddcd 

'11t!J11'Wlilflftl,miel-:J 1 hwtl'-:itlomw 25 min/h - H"111tlfll'J'tt"fl71lJ111Q~'UlZ-:J'\1lJ'11;tl19fii1Yl'U 
,I 

11 'U 1J fl1 'W ff lJ \! 'J W - CIN ratio 20 llft:: 30 \111Yn:: 0. 190 m3NH/kgVS.dded 

u1tJr~nr (2557) l " lJ ' i .., " ~, ,I .., lJ 'lJ """ - 'b'lJ" ttl O 1m:: 0.41 kg, 1.Jft fl O llft:: - F-l'11llflfl11'ttlJfl'tt\\jll'Ul1Jfl'Jfl'Ul_!ft tfl t'1fl19f 

' " ~I ; QI 1.45 kg 1itl'H\\jll'Ul1JfJ'J'l1lJfl 1 kg 
.. 0 3 
lJl'YltHlll'rn:: 0.168 m NH/ kgVS•ddcd 

- ~W'Hi,;Jiiiim11,111u-wm1 35±2°C .., " ~, ,I .., 'i lJ """ - H"111flfl11'ttlJfl'IHU1l'Wl1JfJ'Jtl'UlJft tfl t'1fl19f u .. 

-fl1'Ufl1J TS itJ1::1J'U 4% • ii1l1'U\11L'Yi7:: 0.139 m3NH/kgVSaddcd 

- HRT 27 days 

W anglH'ltfl w:: ~Hl fl 'J:: 'Y1 'U 'll ti Hl W '11 fl ii II ft:: V 11 'J 1 ri 1 'U - C/N ratio 15, 20, 25 30 1m:: 35 . ., - CIN ratio 151m:: 20~~W'l1i.;JlJ35 °C 11'1:: 55 °c 

(2014) fl171Jel'U~ell'U i1111,itJ~t1-tl1 ::~'Ylifll'W - fJW'l1t]iii'Utl1'J1111U'Ufl1'J20, 30, 40, 50 j iiti1 TAN 2,610 mg/1 Uft:: 461 mg/l 111lHl1~1J .. 'V ---·-~------• .-sr- ---·- ___ _ ,.,._ ___ ,, _ _ _ ,,,,_ ~ 



fi,iv (il~1ifl) 

Nie UfltflWt 

(2015) 

. 
a., ,., ..c::i O cl 

·w:i 'lJ t1 'Y1 mm rn n~ 1 """' 11i fll l 'Yl fl cHN 

'lJt1-:im1vt1flffmrd1l.lmrni1Jii't11mrY 1m: 60 °C 

'lJ ti -:i 1.1" 1 fl 'W l.J 1.1 fl , n u fl: vJ i-:i ,r 11 - mlJlw 1umrn11flt1~ 11 

mruffmnm1 vrnf~util.J 11J1i1fJ - IDlJ1Wl'Uf11'H'111fltl~600 ml 
,l t ,, 

- IDlJlWL'b'tl,1-:J,t'U200 ml 
,, ,, 

- IDlJlWfflHi~,1'1-,ly,ffflJ 15 gVS/1 
., d 

- ltfltl1'11flf11f11J 15 days 

~rn m 1 'Yl ,i fl ti-:i 

- CIN ratio 25 1m: 30 ~fJWl-HJli30 °C llflt 55 °C 

d I d 

l.Jfll TAN 985 mg/1 Uflt 430-1,426 mg/1 l.J 

a., .d a d 

ft'flflill'Wl.Jr-lfl\91l.JL'Yl'U 265.7 ml/gVS llflt 309.9 

ml/gVS 

- ,, ' 
mnnTn 1,i fll il,!fl inLU'W 111Q~Uloi'~l>i''W -1f1mw l 'U f11'j 'Y] " fltl-:J 101 tl'-:imTmtl'U - fl,1'jl1Jtl'Wffll;'W'Yl1v 5.3 gVS/l·day ,~rim~~v 

L vh.1 ~ 'b''U 111 ~ fl 1 fl l ruff fl~ 1 f111 fJ 1J 5 ~ U1J1J CSTR ,i11'U'Ufl11U1J1J~~~tll~t1~ FAN 0.77 g/1 Ufltfl1C!f1lll'Wlt 0.39 1/gVS 

11t11J 11J1i1fJ11fl:'HlTn Lflflfl11'11l.l'WL1fl'U . - t1W'Hfli1~1i"ium1Y1,iflt1~ 40 °c . .. 
QJ 2'1 c:r. dtl 11)9,11 d 

- t),t'jllJtl'Uffl'jtl'W'Yl'jtJ 6.0 gVS/l·day lflfllmflfJ 

- fl11l.Jl11lt.Jflllf11'U 100 rpm 
(ti • 

FAN 0.86 g/1 Ufltfl1C!f1lll'Wlt 0.27 1/gVS 

a., .!'I .c. .eta' .d a 
- t11ill1Jtlt.Jfflltl'W'YlW 5.3-6.7 gVS/1-day - m::1J1'Wfl11 Ammonia stripping 'Yl~W'l11Jl1 80 

- fJW'111Ji1~i<Ji'i'Wm::1J1'Wfl11 Ammonia °C ffllJ110fl,tfl1111flllfftfflJ TAN i~ 72% 

stripping 75-85 °C 

a1111ri,'W1:'1111~l.J" inn1J'l1ru11'W1ilflf~ I -m1J1wium1'Y1,tf!t1~ 5 1 .. ., - O11J7"11'W VFA/Alk 'llt1~l.lflin~t1'11ru11u1ilvf .. ., 
, ., , 111 '1 " I ., , 1 , , ,, ';;'I .. I ., , 

l'Hl.Jltffl.J 'Wfl11'11l.JflJ1l.JlllJ1J n.J 'b'tllfllfl' - tl,IH'11t.Jl.jfl fl11tl'Ht\)1L'W11JfJJ 1 :0, 3: 1, 1 :0, 3: 1, 1: 1 1rn:: 1 :3 ti~ 'W 'b'1-:J 0.1-0.3 1rn: 
,, 

I 
., d 

Weerayutsil llflt 'lJt.J11tl'Wlflfl1 1: 1, 1 :3 1rn: o: 1 011 J 1"11'W VF A/Alk 'lJ tl-:J lJ fl i fl l-1 ti '11 ru 11'Wtilflf .. ., 

mu: (2016) - fl11J~l.l TS 1m:u1J 2% 0: 1 l'YllfllJ 0.67 

t ., d 
-11fl7 umrnrnnlJ 48 days 

~ d d<V ' .d IQ.I 

- f11C)f'lf1fl1'W'YltJ,t'j1ff1t.J'Yl 1 :0 1'Y11f11J 2,000 ml 

- fl11J~l.J'el\91Jlff1'WL4t1J~l>i''W~t11'11Q~mf~ I -er1111ri1'W~ 0:1 t'Yl1tiu 1,800 ml tl11J1"1TW~ 3:1, ~ 



rf1iv (tl~iiv) 

WlazloU'1:::flw:: 

(2016) 

a1Ydo .I!$ 
111'11 t1 'Y1 'Yl 7 m ·rnm,n """ 11i fll'j 'Y1'1'1 ti~ 

,, 
~'W 30:70 

fl1llJ111 i 'W f11Hl1'W 30 

'i:::ma1"1 15 min lJfl '1 3 h 

rpm 

rH'l fl1 'J 'Yl ,l "fl~ 

1:1 mi::; 1:3 l'nlf1U 3,600, 4 ,000 uc,::; 3,900 ml 

l~'W I ,illJ'11'1U 

,, .ct, d QI I 

- 'itltJ'1:::1J1'Yl'W'Yltl'fl'JlffTW 1:0, 3:1, 1:1 , 1:3 1rn::; 

0: l 1'nltl1J 48.6, 56.4, 64.4, 58 1rn::; 36 ~71J'11'Pl1J 

fll'j fl 7,i,l UtllJ Ll.JLU tl'lltl~l.J" I ri,i' 1Vtl:::\)ii I -J1mr fl'lltl~l.J" in 100 g Lcit1~tll.Jt1J'Wh11'Wo/1 l% " ,l " ~ 'U tM 'i ::; 'Pl 1J 

i'W~~m'fl - 1fo~~W'l1fJij 25 °C UtllJ LlJLUtJ 73.6% 

- 'i::v::nm'l'WmnJlJ 14 days icit1~vmu'W 1~ i'Wo/i' 2% ""'".:i'llt1.:i'i:::iu 

- '1.flcit1~t11J11J'WL11L'Wo/1 l% uc,::; 2% 1m:: I um.1iu1iiv 71% 

, Ydt"l,,, • ., • .., 
'lfcit !ti Hl'Yl 1 % uc,::; 2% '1'7'11'i1Jfll'ifll'il~ 

..,.., "1 ,,, "' t ..,. 
- cit Ltl 1'1'Yl 1 % '1~'1~'Utl~'J::;'f11J11tllJ !l.ll'WV 72.9% 

UtllJLlJLUV 
d'; "1 ,I °' ', .CS 

- cit 1t1 rnri 2% c1~c1~'1Jt1~1::;~rnrn1J 11J1'Wv 73.1 % 

~ 
-.l 
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~ 1nm, m 'Hl10ffi.Yl'J'Yi1J11'1J'1 i riij imml'Yi, 'W f)l'J 'U l'lJl Hil9'11~'W n,C)f;1fll'Yi i I 1~ o.:i~ 1nihfimru .. 
~ ~ <ft 'J/ d O QI d d i QI Ji 4 ~ d l1 t (j/ 

'\J fl,H'ITJV'W 'V1 'HJ9l-.l9l'W'Vl1'11'1Jl::fflJ ffl'H 'J 1JU1Jfll'11'J ti 'W 'J ::111Jtn'J'H'1Jn C)f-.l nl'JH'19lfl1C)f'lf1fl1'Yi ~lfi'lJ'1 1n i 'H .. 

fH'lH~9lfllC)fi1fll'Yiff-.lfl11fll'Ji'l1mHY9l'J'JfU~tu"' (1H't.1f11u, 2557; Wang 1m::r1w::, 2014) Hl;l::fll'J'UllH'I ~ ~ I ~ 

i nm1~'1Jl.!i;lrllt~0Hil111~'W n1C)fi1m'Yi uon~,n ilmf-1nw1~0 i 'l1'V1AU'Vlt.1n191'11 ,!JIPi'lJ i irnf 111 ouu~1 ti.:i 

ffl'lJl'J O'lf1t1'1~l.liivh1~ ,J~ omrnmi~ ,!JU 1~l OlJ iMnl 1t1 .. 

U~fll'imTnn1"lli1fll'Yi'11fl)Ji;l iri tJ,!JiitlqJ'Hll~t11iO,!Jfll'JtJ1J5,!J'\Jfl-.lfll'iH~'1fllC)fii1l'lt.1 1~0-.l'1lflii 

mmru iu 1mt'1lJ iu1::1111tr ,!J iiHc1'ri1, if1n~m·n1l~t1lJUtli1.:i1~lJUOlJ lmilt1, lJ'J::1J1J 1m::ri ,!JHcl'ril, if1n~ 
,, ,, . 

nl'HJ1JV-!lnl'J 'ril -!11\J '\J()-!IU1Jfl~~ ti l'Yi 'j 1:: m ~i1'1.:i U-!11\J 1imnt.11n11 fil'j rl1i'AU6'1J hnilt.1lHll fil1'1 lt.11n 1'lf'W 

fl1'J'1 fl9l::nou '\JO,!JUlJflu1cut1lJCJ1J;l1~,11 unTrn~uolJ lmi1t11 ml 11ut1~,n~1f mjm ('Yi-1f1'1~~,, 2555), 1 .ff 

'J::1J1J'H~lJ11tltJHllJlllJ,!JfllU ircif 1 fl ic111i 'IJ fll'j n,~~U01J lmut1'1lfl~lf m7n·Hm::~1f 1J, ri (ffc1il,fo 1m:: 

r1ru::, 2552), i'lf'm::1J1'1Jfll'j ammonia stripping 1um,n,iAUO'lJ L1J1i1t1 (Abouelenien 1m::r1ru::, 2010) 

1~u1Pi'u ;.:iu~c1::n'i.Yl'lJl'JtlftAU6'1J 11J1ut1i~ u~1.J1.:inlun,1rl1i~UOlJ lmut1v.:iiifi11i'~wg.:i 'HlO" 

1::1J'l.J~CJ11Jcflou t'lf'W m::'l.J1'Wfll'J ammonia stripping lo.:i1i''Yit1HllJAllJfl'J11J!ou1'U1lJl'!f1t11u 

' Qd. ~ 4 «:t'J I 'iJ 
m::'l.J1'Wfll'J (Nie un::r1w::, 2015; Wlazlo un::r1w::, 2016) 1rn::1J1.:i111t1-11Jirm1::V1 LlJ1'\1lJl::fl'lJ L'Wfl11 

mrm~oHil9lnl91i1fll'Yi 1'lf'IJ fll'J, 'l1'J::'l.J'l.J'H~'W11tllJHl'IJUlJ-1fllU fl'CU 16 in~ 1~0-1,:nmrJu, ::'l.J'l.J~lil~, if 

01mffi11m-u1ooni~ uti::1'11'Y'lt1.:i.:i1ui~~1lun,,gml1l-n"imu1t1u (ffc1il,fo 1rn::r1ru:: 2552) 1116fll'J 

11n11::nm..1'\JtNff111fln~l6.:i~i,1ilun,1~ pH g.:i ~.:i iijmm::iY1Jt11JfllllnTnn1cir;1m'Yi (ffn-Oi'v uii::flw:: 

2552; Ol'IJ'IJ'Vl, 2552) U~ffl'lJlrntl1miJ1::~m1l'l11-wnn11unn191il i.:iJlJ\1,!JtY'IJ h~il,nm'J9lfl9l::no-w 

l'lHlfl"'lJll;l~utJlJ imilt11'WlJcl in l 'Yi'J1::11'1un~~w 1rlu 'J::'l.J'U~ iijCJ7'1.Jcflou 'i.YllJl'JO~l1U'Wfll'J ,~ lJ 

f!W 'H flijif o.:i m1::1~'1J 1nfll'J 1 ,-,ij ffll1l'l.Jfl1'j l~lJtln ~l'ln fll'Yi'\J0-1 fll'J Hil9lnl"lli1fll'Vi'1 lfllJ'1 lf1lA " .. .. 

'J.c:1 ~ J ~ ll' 
iJl'UYI 2 t1fl'MlfJOU.Tt1'Uflm:a::e-unh::netJ11.1tNYIH&ftSJ\lt>"1Ji:11n 

Hclfll'JfffllllfJW fl'lJ'U~1m::o.:iti',J-;;::no11'\JO~)Ji;l i n1 'IJ fll'JUllJlHil,11,'Ju Ol"lli1fll'Yi i.:iuffA,!J l l..l 

~l'JH~ 9 ~1flHclfl1'J11fl'J1tl1 'Yi'U11lJtlinnfi, TS Ufl:: vs 1l11f)'U 24.9 % tm::19.4 %~1mhi1J i~t1tln~ 

l'Wfl1'JOOflU1.J'l.J'Jt'l.J'l.JHil9ln191;1fll'Yi'11fi'IJ0-11Utltl'IJ'V17V ~::lir11 TS 1m:: vs ffl'Hl'l.Jflflf)U'l.J'U 1rlor11 TS 

,. ' d ' i <JI <JI t:'I ,. .f 'L I <JI ' .I d ,. 
u1:1:: vs llfll tr -1n1>::m H'1 'H m::1J1'W m, fl''J 1,!Jfl19f'lf1fll'Yi'1Jlfl'\J'W 91 llJ rnA1t1 f1'1u u, ::no'U'\Jfl-1'\Jo.:iu '\l ,!J'Vl 

mm 1otiflt1fl'mt11 ~ u i11J1c1 ffllJl'J o~ '1 THU 11I~1nr11m1J 1w '\Jo.:iu ~,!J.J.:i,rn~ ui, ::r11m1J 1ru '\Jfl.:iu ~ ,!J 

1::1,rn11;11J1ii~nr1, vs mn 'i)::nri1uiJ1::nm.1~1ilul'17VffllJl'Jt:lVOtlfl''1Wi~fl~'lJln U~'H1nnti, TS 

q 'I. I d ' , <J/d .K l .., ,,; <J/ .K d,. ' 
1m:: VS lJ1fl1fl'W rnfl~::fl'-1Hcl '11lJfl1llJ'lftJ lJ'J::~'l.J'Vl'WOtl fl11lJ'lflJ (Moisture content) fllJHcl'10'J::1.J1.J 

q /;'I ,. ' .., .,; y ,. ,l <JI "' 'l,J ,. ' ,l 
H"19lf1191'1f1fll'Yil 'JflJ n'W 1lJ fl-1 ~ lnt.ll'J:: 'U 'l.JlJ fl 11lJ'lf'W \J fltllfl'IJ L 'il:: lJ H'19l 6 fl1 'J n 'J:: ~ ltl'IJ 0-!11 'lffl!H'I:: 
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., i ~ V 'i I " ,, ,, .!) C\ QJCl 

f1'.i!::'U1lJfll'.i'ttlJf1 lJffflll'I l Hl1f11fftl~ lJ'lf1~ 0.6-0.7 ,J7f1'\Jtl).!cl'\J1~'PllJ llJtll'l,11'.if.lJ. 1fJW 'fflJ1J\Plllcl!:: 

6~r11h:::fHJ'U Vi'U11 l,!"1 in ij~7 VS/TS rvhn'U 0.78 ~~ntjiu~1~nn11:::mJ i-1Ju l,Jcl irinrn1:::ihtti''U 

o i " d Q.I ~ o cv ~ a e1 ~ " .d ci. .c:1 "~ , 'i1 " , ~ o "I 1 vi 
'lJ 1 lJ1 'lf I 1J 'lJ 1 \Pl Q fl 1J ff 1 l1 '.i 1J F-l Ml f11 GJf 'lf 1 fl1 Vi l fl GJf ~ ff1 H l lJ 'YI W 'YI U fl U ff '11 CJ l fl ll'l '11 \J ,i ::: Q f1 'lJ 1 nJ 'lf 'lJ 

m:::1rrn f11'.i'ttlJf1VtlU i lJ mn1:::, I tl1f11ft'littiQf11 'l11fl 'U ff1'.itl1l11'.i 1 um'.i '11'.i ~;$1\Pl'\JU~ ~iilJ'Yl1a1 'W '.i !:: 'U'U 

.I"' ?I ~ d 
Ucl!::llJcltJlJ iYl'.i tl1'tt 1'.i IU'W f11CJf'll'1fl1l'I 

11~m, 1niifl'Pl'.i1ff1'\Jfl1f llm.J~U 1'U L\Pl'.il1l'U~J1,irnmn1~nrn~ii~h 10.1 i~mrn~i'U'Pl1'.i1~~ 9 .. 
LflCJO\Pl'.i1ff1\J'\JU~~l7f.uuu~u iu lm1,:,u (C/N Ratio) '\Jt)~'ffl'.ifl'lJ'Yl1tJ~ff1lJ1'.i(l 1'1fF-liilPlnlGJfi1m'Vifitl 

J ~u~ 8- 30 u~fl'Pl'.i7ff1'\J~l'ttlJ7:::ffll~tl'~'fY1l1lllf11'.iH~'Pln1tt1i1ml'lfim.h:::mw 23 (Vit'lmp-1w, 2557) 

i ~Ju 1 u m1 duuffmm~uH~\Pln1tt1;r1ml'l l~ui i1.1c11 ri1flu 1'P1Q~rnh1flu ~ ,:,:::~u~rl1\f ~ 1 '\J L'Pl'.i 1,1'\J 

1~u~,:,1n 1 lJ hn1,:,u~u~1 u1.1c11ri1rlu'ri1m'.i duuffc11u111J'U 1:i.iiimmff 1 u L\Pl'H1l'U ,i:::ti~l uiiJ'\Ju~ 

UtllJ LlJIUtJ ~~tl ~Hr1~6111Jfl'nl7 t)f)~lJ~tl'!1~ii1'YllJU'1::tl11l'111lf 1n~m'Itl'!::tl'lJ'\Jtl~lltllJ 1lJ1UtJ, 'Ulm 1,J'U 

.I ~ 1 .,. ,. I ..,\ I .Ji y ' 4 d ..,\ ?I ... ., d d • ~ y 
'\J'U l'U'.i!::1J1J UtllJ lJl'UU,J:: ul'VllJfl1 pH CJl~t11'111f)fl1 pH \1''3tl~ 8.5 f),J!:;1'.ilJlu'Ul'll!f)'UU1Jfll'll'.itJ'Vl1 l'tt 

• 1 .Ji ?I O 1 Y. t "' "' i "' ~ d 1l1'U 1'UllJ'Vl1 lJ!,JlJ "~"~ CJl~lu'U 'ff111-19J'Yl1 'ttu'I!::ff'Y11ifl1l'I 'U f11'.i Hcl'Plf11GJf'lf1fl1l'lc1~'1~ 

J C\ " a.-e. o' , . 
VlllH'tl 9 mn1m1:::'11fJWfflJ'U'PlUcl::U~fl'U'.i::f1U'U'\Jtl~).!cl f1 

... ' lltlfll1 Ni.'lfll1llfl11::11 

Total Solid (TS)(%) 24.9 

Volatile Solid (VS)(%) 19.4 

VS/TS 0.78 

Carbon(%) 36.2 

Nitrogen(%) 3.6 

Hydrogen (%) 4.7 

Oxygen(%) 32.4 

C/N 10.1 
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I ct _I '°' <V " SI .,. fN 4 <_I 4 '14 I 

tfJU 't1 3 m , u 1:: UJU ff fllJ ii l't'U 'UtFl\JI U 'll 8 .:I fll 1Ni:I \JI fl1 CV 'If 1.fl l'fHl 1 flt).:.! fllJ 1:: fl 8 '1.J 'tll .:.t &fl iJ'Uf>.:.t'ij i:1 t fl 

1 uvn-:i 'YI ()ll Ejmm1 a1.h::1iJu fffW.fll'Vi flll J:-.f ~ 91 n lCJf;';Jfl 1'Vi 'il lfl'lf1lJ 1 '1 l ~ 'il lfl fl-:JfiiJ l:: fl fl 'U'YI 1-!l mii 

'U fl-:Jff110'W'Yl1U911lJ i'YlJfll l ~ 2 1rn:: 3 ~-:i1um::'U1'Wfl1H Y11-:Jii1'Yl'W'Ufl -:J~ ~ 'W'Yl1u (M ethanoginic B acteria) 

. I .d 'I SI ?I w "" w o' "l "l o'<; . Id "' .,. "''l 'JI 
'il :: tu '1 tl'W A cetate tlffl'11tl1u'WfllCJflJ1'Yl'W 1rn:: fllCJfflll'U fl 'W t~flflfl tCJf~ 1~tlfl111u'1tl'W ffl rn 'W'Yl1tl lf 

? I Wd ( I. . ) fl'11 tl1u'WfllCJf'lf1f11'Vi Sialve 1rn::mu:: , 2009; Pav ostath1s1rn:: Giraldo-Gomez, 1991 'illflfflJfl11ffllJ11fl 

~ l'W 1\U lf 7llilJ1tU 'U fl-:JfilCJfiil'Yl'Wtrn::n191mf 'Ufl'W l ~flfl fl lCJffl 1~ tl'Vi'U11fi1CJf'lf1 .fl1'Vi 'U fl -:JlJ'1 l riii i ~ il1'W 

w .,. d <J1 w .,, "l "l o'd 'JI w "i .,. d<J1 
'Ufl-:JfllCJflJl'Yl'W ff-:J'Yl1flt1'1:: 45.61 fllCJffl11'U fl 'W ! ~ fl flfl ! CJf~'Yllfl ti '1:: 46.54 11'1:: fllCJfUfllJ !lJt'W tl'YI l fl t1 '1:: 7 .85 .. 

1~vflml'.lummwn1CJ1'if1fll'Vi ,~ 948.14 n911~fl0!'1fl1 lJ ~-:J'l1lJltlf111lJ '.l lff110'W'Yl1 u1 'WlJ '1 l f1 ffllJllfl 

' d d r:'I d ~'j/ ,, QI G) ,Ci Ji jl QI ,Cl,Q/ 

tlfl tl'ff'1lt111'1::1iJM'Wti'.l'Wfl1CJflJ1'Yl'W !~~ -:irnt1'1:: 45.61 ~-:iuir~-:i ! 'W9111H'Vl 10 CJf .:Ji'Yfl~fl'1fl-!lfl'U-:Jl'W 1 'iltl'Ufl ,!J 

I • Cit, a d .c:t, ~fl d dGI ' a d ,, 

Ward 1m :: fl w :: (2008) fl'17111 flll H'19lfllCJf'lf1.fl1'Vi 'il lflffll fl'W 'V1 W'U fl-:J'lf1lJ1 '1 lJff ~'ff1'W 'U fl -:J fllCJflJ1 'Vl'W 1 fltl 

'1:: 48-65 ,m::n1CJffl11 mrn ,~flflfl lCJfflfflt1'1:: 36-41 mh-:i h~911lJfl11111::1iJuff'm.1m'ViflllHn 9ln1CJf;1.fl1'Vi 
,, 

'il lflfl -:J fiiJ1 ::flfl 'U'Yll-:J 1flii'U fl-:JlJ'1 l ri i ~ 'il lfl trlJ fl ll'YIH'YI ()ll~ i-:itl' tlfl w :: f1it1'il::iim1Y1~" fl -:J fffllll 'il lfl 

1fo.:iiJ6illi fl111~fllf lfffltl.fll'V'I flll Hn9lfi1CJf;1fll'Vi 'illflJ.! '1 l f11~fl i 'ii'11'.Ju U 'W1'Yl1-:JU'1::fl-:Jfif111lJ j ~ fl l iJ 

4a-b-2c+3d 4a+b-2c-3d 4a- b+2c+3d 
C,,H,,O_Nd+( )Hp 

4 
' 

--+ ( 
8 

)CH,+( 
8 

)CO
2
+dNH

3 
(2) 

'fliJl :Sialve 11'1::fltU::, (2009) 

a b 
C H O +(n-- - - )H O --+ 
al, c 4 2 2 

n a b n a b ( - + - - - )CH +(- - - - - )CO 
2 8 4 4 2 8 4 2 (3) 

~m: Giraldo-Gomez, (1991) 

ct .,,_ I w d • F- w d d "' "l 'JI "l ' vnn.:.in 10 fl-:Jflu1::frn'U'\rn,rn7CJf'lf1fll'Vi 1m::urn1Wfllt:Jf'lf1fll'Vi'YIH'191 i~'il1flJ.!'1 in 

... d 
Ni:lfl111lfl11::'t'I 

ill "' ,:t 4 til ~ 1"1Wfl1CJ'lf 1.flll't Q SI I iiJt12 CH 3 C0 3 
NH/ 18tltl:: 4 2 

(L/kg) 

C 36.2 3.02 

H 4.7 4.70 
45.61 (%) 46.54 (%) 7.85 (%) 948.14 

0 32.4 2.03 

N 3.6 0.26 

I 'JI o'_ I "l ' 
'11lJ1tl1'1191 : 'Ufl lJ'11i19lfl .:Jflu1::flfl'U'Ufl-:JlJ'1 !fl 

q ~ q qJ 

,, 
2h m= i.l111tl'nn11J/1J1'111Jimrn • 
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4<:>' d dd !JI 
fl7 C)l'lf 1 fl l'YOJ lJ l 'Yl 'U 'Hltl cl::: 60 

' ' <di y y qq 'I , ~ <!I "' "' q , ' 
4 .1 ml fll ';j ff fl'tfl fl 1 Ull 'Uil'I.IU 'll t> '3 in ';i lflil'nl't'i'lll::: ,nu U fll 'l tlYI Ul gi 'Hil Ull'i t> N Qg) fll "lf 'If 1.fl TYHI 1 fl\jt'I fl 

~ 'JI 'JI ad i ~ L .,i "' ~ d 'il 1 f) m rn fl'lfl fl 11 J.Jl '1J lJ '1J l.J '1J ti ·HYTH fl lJ 'Y1 ll1 J.J1 ::: irn 'U f) Tm fl I 'U \Pl 'H 'il 'U l 'W ti H cl \Pl f11 C)/')f 1 fll 'W 'il 1 f) 

1.1c11ri~'lh.:Jfl11J.Jl,rlJ,rl.J 100-200 mg/l 'WlJ11 lJfl7'jH~\Plf17C)li 1mmY:::ffJ.Jt,'.:JiJ"fll'Yi1n1J 15,320 ml 1rlt1ii' 

'j/ 'j/ d 'j/ 'j/ d "'· I d ' QI • ~ 
fl 11J.Jl'IJJ.J'IJl.J'IJ tl .:J MgS04 'Ylfl1 1J.Jl'IJJ.J'Ul.J 100 mg/1 )Jtl.:Jfl'uS:::nt1U'IJtl.:JJ.Jl'Yll.Jl'Yllf)U 68 % 1m :::1JSJ.J1W 0.69 

~ m CH4 /1l.J itJmrn~,1n1C)l1Jl'YltJ~s:::v:::nmmnnrn 15 11.J iu'llw:::~mrn~\Plt11C)fi1mvrn::: ffJ.J'll t1.:Jo .:J 

~ r d L dCY .ct .d d QI a,, d 

fl11JflJ.J1v11n11ms 'Ylf!c10.:Jt1l.J'1 fltlJ.Jf11C)f'lf1fl1Wff:::ffJ.J'Yl 7,150 ml 'YlS:::t1:::nmmnrnn 15 11.J J.Jmsff::: ffJ.J . 
'lltl .:J n 1C)li1mw i tJ o.:J fl 11Jfl J.Jl~J.J~Wll.J o.:J11.J ~ 1 o 11c1::: '11 tl'.:J 'il 1 nJtJ ms ff::: ffJ.J'IJ t1 .:Jt11C)l:ihmw ii J.Jfl .:J ~ • 

o QI Q C')ld, I Q.I d QI j/ jl 

ff7'11HJf11'JH c1 '1f11CJf'l11fl1Wff:::fflJ l'Yl1f1U 10,900 ml 1m::: 14,050 ml 'Yl'J:::fl'Ufl1 1J.Jl'IJlJ'IJl.J'IJtl.:J M gS04 . . 
i QI QI o QI 4 i" d ,, ,, 

150 mg/1 1m::: 200 mg/1 tJ'J:::t1:::nmm'J'ttJ.Jn 15 11.J mJ.Jmfl'U 1J.Jt1 'lf MgCI2 1m::: MgO 'Ylfl1 7J.Jl'IJJ.J'lll.J . 
d. .c::. C'>' d I QI d CV QI 

100 mg/1 lJf11 'J Hc1'1f11CJf'lf1fl1'Vlff:::fflJl'Yl7n'U 10,280 ml 1rn::: 10,120 ml 'Yl'J ::: t1 ::: nmm'J'l1J.Jn 15 1 1.J 

\Pl1J.Jrl1imm:::iJm1ir::: ffJ.J'IJt1.:Jn1CJf, bnrnfl.:J~~'J::: t1:::nmm1mfo 12 1m::: 14 1 '\.J 1rlt1 ii MgCI21m::: MgO 

~fl 1 7J.Jl ,j'J.J,j''U 100 mg/l '17J.J rl 1imflmm tllJl TI t1uiJ7 J.JlW f17CJfi1 fl7'Vl ff ::: ffJ.J'IJ tl .:J o .:Jfl 11JfJ J.Jf11JfJf1 f11 'J 

' .,j i'j/ 'j/ 'j/ d 'j/ 'j/ d ~ d Q .r 
'Ylflcl tl.:J 'VlU11 llJt) 'lffl11lJl'IJJ.J'IJl.J'IJ t).:J MgS04 'Ylfl11J.Jl'IJJ.J'IJ'Ul00 mg/LlJfl7C)f'J11fl1mY:::fflJl'fj)J'IJl.J 53.3% 

..,s d ,, gJ .ct CY ,cf. ~ ,I 
'JtNc1.:JlJ1fltl MgS04 'Ylfl11J.Jl'IJJ.J'Ul.J 200 mg/I 1rn::: 150 mg/l J.Jfl7CJf'lf1fl1'Vlff:::fflJl'VllJ'IJl.J 49. l % 1rn::: 34.4% 

o QI 1 9,I ,d 'J,) j/ .etCY d ~ ~ 
'17J.J"7f1'U 1rn:::nn 'lf MgCI2 1rn::: MgO 'Ylfl17J.Jl'IJJ.J'lll.J 100 mg/1 J.Jfl7C)f'111 fl1'Vlff:::ffm'VlJ.J'lll.J 30.4% 1m::: 

29.3% '11J.J'11ilJ 1m:::1rltl11.ht11JlTitllJfll'Ji'lf MgS04 MgC12 1m::: MgO ~fl11J.Jl,j'J.J,j'l.Jl~t11f1l.J ~ ti 100 mg/I 

t cte>I d ~ ' i" o QI QI 'VllJ1 1 MgS04 J.Jf11C)f'Jnfll'Vlff:::fflJl'fj)J'IJ'U 32.9%1rn::: 31.9% 'i)1f)f11'j ')j' MgC12 1rn::: MgO \Pl1J.Jc17fl'U fl.:J 

Ufffl.:JHc1fl7S'Ylf!c1tl.:J il.Jfll'Vl~ 15 
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4 _F- .c:t. ~ d .d fj/ 'J} d , 

fll'Wfl 15 11 ~,I~ 1J ·rn 1 tu fll 'i f-!Ml fl1C]j'')j'1fll'Vi ~~ ffl.J 'VI fl 11"1'\JlJ '\J'W 'IJ ti~ ffl 'i 1 fllJ~ ,~., 
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fll'Vi~ 16 mrn-:n__Amtufll'JHil~fllCJj'i1.fll'Vi~ln~~'Ul'UU~'cl::1'WmrnwJ::tJ::t1cnfl1nnfo 15 1 'W 

vnd1 lmh~ 1-5 1'Wmmnfl'Ul'Jf1fll'J'Y1~'1€J~iht'U1 l'UlJ1nlJ1WfllCJj'i1.fll'Vi\T~~'W 1rn::11rl'~,i1ntl'u'il::fl t1tl"1 

'cl~'cl~lm::fl~~ 1~v f)l'J'Yl~'c!fl~~fl1llJl'UlJ'li''W MgSO4 100 mg/I iimlJltufilCJj'i1fllfi\T~"l'~ lui 'U~ 7 flfl 

2,200 ml fll'J'Vl~nrn~~fl1llJ1.,j'lJ.,j''W MgSO4150 mg/I, 200 mg/I tm~ MgC1
2 

100 mg/I iimmtufilCJj'i1m'Vi 

g~q,ih.11u~ 4 flfl 2 ,100 ml 2,160 ml tm:: 2,400 ml ~1lJi11iu rlrni'u f11'.i'Y1~'1fl~~fl11"1'1i'lJ'li''W MgO 

100 mg/I iimmtufllCJj'i"Jfllfi\T~"l'"luiu~ 3 flt) 2,700 ml 1'W'IJW::~O~fl1 'UfJlJiimmwmrnil~n7CJj' 

; 1 fll'ViJ1n-:11m'J'YlA'c!fl~tuci lAt1iimmwn1CJj';1.fll'Vi\T~"l'~ luiu~ 5 flfl 2,040 ml lm~ ,~iinl'ilOAfllCJj' 
d a .I o, o., .,d a, 

'l!'1 fll'Vitn~'IJ'W 11'1~ ,i1mu 'Y1 12 'llti~'.i ::v::nmm'J MlJn 
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mnn 16 mY ,i .:i 1.Jhm1.1 m-:H-nw1 f11CJ$'1f1fl1Vn1 m,1 'll 'W 1 t.1 u 91 "::: 1u 1H.HJ,1 'J::: t1::: l1'11 m 11-n.m 15 Tw 
,d 9,/ gl .Ct. d I 

'YI fl 111H 'llll 'll'W U '1::: 'lf'W ,I '\.I tN ff1';i1fl1J911-:J C"J 
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1mt11J1't1tl1Jf11';il'U~tlt.1U1fo.:i TS vs 1m::: COD flflt.11rn:::m1.:imnnTn'lltNU9i'1:::fl1 ':i 'YJ,J(lt:J.:JUff,J.:j 

1 Ufll'Yi~ 17-19 'Yi1J11 f11'j'YJ~'10.:J~fl11lH'li'll'li'u MgSO4 100 mg/l ij TS '1~'1.:J,1n 51,080 mg/l 1ilu 

31,843 mg/l 1rn::: VS (l,ii,.:i,1n 24,653 mg/I 1ilu 17,300 mg/I 1rn::: COD '1~'1-:J ,1n 31,893 mg/l 1ilu 

22,187 mg/l t~tlij 'U'J:::ff'Ylnfll'Yifll'Jflli,i TS, VS um: COD~ 37.7%, 29.8% 1rn::: 30.4% 911mi1J1J cj,:iij 

~1'U':i:::ff'Ylllfll'V'lf11';iflli,1 TS, vs tm::: COD ~g.:in1l fl1';i'YJ,J(lfl.:J~iifl111J1,r1J'\rt.1 MgSO4 150 mg/I, 200 

mg/I 11mf.:im'J'Yl,Jclfl.:J~ii MgCl2 1rn::: MgO ~fl111J1,rll'U'W1~t11f1t.l t~tlij'U':i:::ff'Ylllfll'V'lf11':iflli,i TS 

1'Y11f11J 27.3%, 37.3%, 25.7% um: 24.5% 911mhi1J'LI'J:::ff'Ylnfll'Yif11';iflli~ vs 1'Y11f11J 19.2%, 27.8%, 

18.2% m,::: 17.4% 111mi1imm::: 1h:::ffV1fifl1'Yif11'l"fllifl COD 1vi1n1J 22.2%, 29.4 %, 20.0% 1m::: 20.0% 
• ., .Ii ,Y. .. ... ,, ,, I l ",J ... ... • ., 

1111H'llfltl0)1.:Jf11'J 'Dffl'J1fllJ'Ylfl111Jl'll1J'IJ'W11H"l lJf1f11'l"Vl~mN 'H ,:::n-'YJUl1'Yif111fl1,~ TS, VS un:: COD 

ilfi1\)'~n11d'~fl,t1fJ1J (17%, 12.8% uri:: 15.8% m1Jthlt1) 111nm,flflrt~~uffMi,fo11.d1m,ri,i 

1 u t91'J 1,u l,it1 i im1 tflij~fl 11111,r1J'Ut.1~'Yl~mm lij1~u vum 1t1~fl1iit.1'YI1ti'~vflt1ffcl1t1m16t.t'Yl101..qt:1 

i:-1it91n19f,hm'Yi,1n1Jc, 1ri .. 
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■ COD in COD out 
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.fll'rf~ 19 Ufl'~,rn111m tJ1Jt'ntJ1J CODf10'UUc1::11 cf-:i fll'H1 l1n~f111lJl 'UlJ'U'U'\J o-:i fl'l'Hfl ii~1-:ic:i 

fll'Vl~ 20 uc1:: 21 Ufl'~-:jfll 'H'U~tJ'UU'Ucl-:J ALK uc1:: VFA f10 'UUcl::m,-:im'j11l1fl'\JO-:JU~cl ::fl1'j 

'YI~ cl o -:i 'Vl 1J 1 11-1 cf-:i ~ 1 flfll 'j tio tJfl'cl ltJ ffl'j fl 'U 'Yl1 er, 'U fl n 1J1'U fl1 'j 'nl1 fl'Vl1J 11 fll 'j 'Yl~ cl o -:i ~fl 111Jl 'UlJ ,i' 'U 
~ ~ .I CV ~ d 

M gSO4 100 mg/I lJ ALK 1m:: VFA l'VllJ'\J'U'ncl-:J~lflff'Uit~flll'Yl~cl0-:J'Yl 3,667 mg/I CaCO3 l lcl:: 5,052 

mg/L~-:iiifi1 VFA tl'o ttn11O-:if!11JfJlJ (7,636 mg/I) uc1::o~'lu-ii1-:i~mm:: irn 1~tt ALK ~mm::: fflJ'\J o-:i 

m ::1J1l.Jfl1'j11l1flf11'j0~'lu'lh-:i 1,000-5,000 mg/I 'lur u'\JO-:JUflcll;tJlJfll71JOl'U~ (CaCO3) (Gray, 2004) 

ff1'W VF A i"fl1llfi'W 3,000 mg/I (McCarty, 2001) U~Ol~'Yll.J i~o,:i 5,000 mg/I (~llJn, 2529) iY111 f 1Jfl1'j 

.d 9,/ j/ d ~ " CV ,£ .d 
'Yl~ clO-:J'Ylfl11lJl'\JlJ'\J'U MgSO4 150 mg/I, 200 mg/I lJ ALK l'VllJ'\J'W'ncl-:J~lflff'UiJ'~flll'Yl~clO-:J'Yl 3,500 1m:: 

2,900 mg/I CaCO3 ~1mhi111m:: VFA iifi1 7,662 uc1:: 6,195 mg/I ~1mhi 111m::m1'Yl~c10-:i 1~tt'l.U 
ci ,, ,, ~ Q J CV ,£ d 

M gCl2 1m:: MgO 'Ylfl11lJl'lllJ'll'W 100 mg/I lJ ALK l'VllJ'll'W11cl-:J~1flfl''Uit~fl1'j'Yl~c10 -:J'Yl 4,200 1m:: 3,533 

mg/I CaCO3 ~1mi1,i'111m:: VFA iifi16,623 1m:: 3,338 mg/I ~1mi 1i 11 



56 

10000 ■ VFAin VFA out 

--.J 
~ e 8000 
._, 
-c:, 
·.:; 

6000 "' £ 
~ 

~ 4000 
~ 
0 
> 2000 

Control MgSO4 100 mg/L MgSO4 150 mg/L MgSO4 200 mg/L MgCl2 100 mg/L MgO 100 mg/L 

Chemical 

fllft~ 20 Uil'11\jfll'j 1lli t1rn'Yi tJ'IJ VF A flfl'IJ11'l!:'11cl\jfll'j'ttifl~fl111Jl'UlJ,r'IJ 'IJ 'e)\jffl'j lflii~w., 

■ ALKin ALKout 

5,000 

,;, 
0 4,000 u 

OS u 
~ 3,000 

5 
c 2,000 

:s 
-; 

1,000 :::!: 
< 

0 

Control MgSO4 100 mg/L MgS04 150 mg/L MgS04 200 mg/L MgCl2 100 mg/L MgO 100 mg/L 

Chemical 

fllVi~ 22 Uff11\jfll'Jl'U~tl'IJU'Ucl\j TKN (Total Kjeldahl Nitrogen) flfl'IJUcl::'Hcl\jfll'l'Hifl'IJU\jU~cl:: 

m "J 'YI 11 cl fl "Vi 1111 11 er" '11 fl i u t111 n t1:: nm fll "J '11 i fl lJ fl fll "J 'YI 11 cl fl" '1:: ii fi lTKN cl 11 cl " 1 ~ mfo t1 111 t1 m "J . . 
d g/ 'JI d, ,ct, I 

'Yl11clfl\j'Ylfl1llJl'IJ1J'IJ'IJ MgSO4'YI 100, 150, 200 mg/I lJfll TKN clflcl\j'llfl 4,011 3,923 1m:: 4,076 mg/I 

l'Hftfl 3,666 2,778 Ucl:: 3,965 mg/I ~11mhi11 flflliluu"J::iY'Ylnfl1Vifll'jf)l,i11 TKN ~ 8.6, 29.2, 2.7 % 

~1mi1i1J i\jUff~MiumVi~ 23 Ucl!:fll'l'Yl11cHN 111t1'ti M gCl21m:: MgO ~fl1llJ1,rlJ,r'IJ 100 mg/I iifi1 TKN 
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,wmHnn 3,521 mi:: 3,641 mg/1 milo 3,064 mi:: 3,438 mg/1 \?lllHlli1J~'fll~tJ1h::~'Vlfifll'Vml'H11i'fl TKN 

Yi 13.0 im:: 5.6% \?11m11i11 

■ TKN in TKN out 

5000 

4000 -

~ 3000 
s ._, 

~ 2000 
E-

1000 

0 

MgSO4 100 mg/L MgSO4 150 mg/L MgSO4 200 mg/L MgCl2 100 mg/L MgO 100 mg/L 

Chemical 

' . cf. _f.:!: .et f QI QI d 9/ fJ/ d t 

tlll't'YI 22 mrn.:inTH1J'HJtu'YW1J TKN noium::'l-HNf11'.il1l.Jf1'Ylfl11l.Jt'lllJ'll'W'llO-l'ff1'HfllJ\911-l'7 

35.0 
■ TKN removal (%) 

30.0 -

~ 25.0 -

C 20.0 > 
0 
E 15.0 a, ... 
z 10.0 ~ 
I-

5.0 

0.0 

MgS04 100 mg/L MgSO4 150 mg/L MgSO4 200 mg/L MgCl2 100 mg/L M gO 100 mg/L 

Chemical 

.flll't~ 23 U'ff,Mf11'HIDCJtu'nCJ1J %n7Hlli 'fl TKN ~fl1ll.Jt'Ul.J'IJ'W'll0-:Jffl'.itflij~7,:i"l 
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.d V ' ... ~ r:'I V ' 

4.2 Ni;lfll1f>I fllll'itf.ltrJi;ll fll'Hl'J'UlH.1t fll1 VlfWlt fltl'UYl'Jf.l MgSO 4 V10u11.Jl WfllCIHJt i.1'1.JU1;lttl'Yltl''J'U'U0.:i 

.,, "' m cis1J mu 

'll1f1f11'j'Yl~Hrn•HWI h.1 il?nt'll'U L'UJ.lfl lfl~"Jtl MgSO4 r11111t'Ull'U'U 100 mg/L if1tlfffflflnf17f11'jf1"J'U 

trnt fn'jl,I n1,1tn t1'U fltl'U t111.Jfl i nmH~1,1 fl7C)f;nn TW ll.1miimnnr n 1 u 'jtiuif t1-nJi}u~m'j 1 u ff m1tnn 

ummmmmuHmmffmmmmnnfo 15 ~~HJtl.!'1-1.fJiil'Wmnnr n 34±2 °C 'jttltnmm'j'ttlfn 20 1'U 

'IJ 1 f1 fil'Vl ~ 24 l tff fl .:J L lf t 'tt 'U O .:J iJ1 lJ1 tlJ fl 1 cif fft ff ll 'IJ ti .:J f1 U 'Y1 fl '1 ti .:Ji fl ti i ~ 'Y1 fl fl tl.:J ~ t1 '11 f11 'U U flt t1 '11 

~ n1,1tml'U MgSO4 ~Ul,lf1~7.:Jn'U'Vl1J17mmrun7C)ffftffllt!.:J"!f1WU~nmn1'U 5 mvi nm~f11,1tf1tl'U 90 

mvi iJmmtl.!filC)ffftffllfltl 44,500 ml 'jtl.:Jfl.:JlJlfltl 43,300 ml trnt 27,900 ml ~nmmrn"J'U 3 mvi um; 

I 'Ul'n 1,11m11iU'IJlf)f11'j'YJf1'1tl.:J~nm~n~tf)tJ'U 60 m'filifmmwn1C)f,hfi1'Vlfftffll 40,000, 43,800 trnt 

44,000 ml ~nmf11'j~f1~tf1tl'U 1, 3 tmt 5 'Uln ~11mi1i1J 1rlflttht1Utl1t11JmlllWfllC)ffftfflln1J'b'fl 
• 

,,j~ Id ~ 'i V 
fl11Jflll'Yl ll.Jl.Jf)Uflfl l'U l~'jl'IJ'U,J"Jtl 

• 
MgSO4 'Vl1J11nu~1umtu1umrn,1 h.1 l1,1'jt'IJ'Uff1mH11~1J 

. 1 .. .. .. .,, ,. ~ V-9 l v. r= .,, 
u'jtff'Y11ifil'Vlf11'jHfll,lf)1C)f'}j'"Jfil'Vl lflC)f.:J,,Jfl"JUf.!ll '\1u'jl.J1tlJf11C)ffftfflJ 7,150 ml (Jaisin Ufltfltl.!t 2017) 

uu1.:J l 'jn1,111J 'll7f1f11'j1tfi'j7tl1 fffliY1'U'IJfl.:Jn1C)f~bm'Vl 'Vl1J11~nmn1u 3 u1vi nm~n1,1tnfl'U 90 

"' 1 V... I C)I "' -9 1 V. f':! C)I "' "' ?I <!I ,,j 
'Ul'YI 'ttffflff"J'U'IJtl.:Jf11CJflll'Yl'Ut!.:J"!fl 62.3% CJf.:J 'ttu'jlJltlJf11CJflft'Yl'U\1'.:J"!flflfllu'U 26,976 ml 'jtJ.:Jfl.:JlJlfltl'Yl 

d d 1 'j/ a, t ~ d. o G.I .,c9 1 7'. t'= C)I 

n"11f11'U 5 'Ul'Yl Uflt 1 'Ul'YI 'ttffflff"J'U'IJtl.:Jf11C)flft'Yl'U 50.6% Uflt 51.8% ~1llm'11J C)f.:J 'ttu'jlJ1tlJf11C)f 

lJt'Yl'Ufiflttlu 22,517 ml ttflt 14,452 ml ~1mhiu 1~t1.:J'll1mtt1tnmlum'j~f1~tnfl'U~t~ll~'U'llt'lf1m~ll 

nm iunwvi'1iJumv1'1Jfl.:Jffl'j MgSO4 L'UJ.!'1 in 'IJtl.!t~f)l'j'Ylflflfl.:Jnm~n~tf)fl'U 60 'Uln lif ffflil"J'U'IJO.:J 

.,, "' ,,; "' • ., ,1i l v. r= .,, ,. .. ?I 
f11C)flft'Yl'U 57.7%, 54.5% Uflt 43.9% 'Ylnf!1f11'U 1, 3 Uflt 5 'Ul'YI ~1llm'11J C)f.:J 'ttu'jl.Jlf.Uf11C)flft'Yl'Uflfllu'U 

23,080, 23,87I 11"1t 19,316 ml ~1m11iu 

n 

~fr I M,in :.t1r J m,n S:ir '..i rni r' 
Stirrin~ tme (min) 

~ cl'd a,,t ~d ,d 
.fll't'i fl 24 U ff '1.:J m lJ1 W f11 C)f 'lf "J fi1 'Vl ff t ff ll 11 "1 t ff fl ff 1 'U 'IJ 0 .:J f11 CJf lft 'YI 'U 'Y1 '.it Vt nm f11 'j f11 'Ulm t f11 '.i 

I V 
~n~tf1tl'U~W'l fl"JV MgSO4 
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tfhnw TS nouuci::::1-nf.rnnl-n1'n~r.rn1m'J\?1fl\?1::::frn'U 60 u1'Yi i -rnwrvi 25 (a) irn::::rrn1nn 

\91fl\91::::flO'U 90 'Ull1 i.:im'Vi~ 24 (b) Vill111h::::~l'lfifll'Vifll'Jfllffl TS ff'1~fffl~!'H'llf11'U 5 'Ull1!1"1 ., . 
\?lfl\91::::flO'U 90 'Ull11flttmmw TS l~lJ;'Uij~l!'Yllf11J 159,407 mg/L lHl'1'11flilt'W'Ufll'J'l1l1'mtlunci1 20 

1'Uclflcl'1n'l~O 51,240 mg/L ~fltil'U 67.9% l'U'uw::::~,J'J::::~'Ylnfll'Vlfll'Jfll,Jfl TS Jl"J'fl'Vl1J~!1cllfll'Jf11'U 1 

'Ull1 !1cll\91fl\91::::flO'U 90 'Ull1 ~,:iijmmw TS ii11~uhn::::11rnvhn11 93,000 mg/L '11'1'1'11fliltU'Ufll'J'l1l1'n 

ttl'U!1cll 20 1'Ucl~ci.:im~o 40,380 mg/L ~fltiJ'U 56.6% fflm~~mmw TS 1u'J::::1J1Jclflcl'1!~0'1'11f111 

~~'U'Yl1 fJ~OQl 'U 'J::::1J1J'l1l1'm1::::vot1ffcl1Vffl'J otrn1 fJ!~O 1 id'.lmm~'1Vi'1'1'11'U 11.Jfll'j rn1tyt~1J 1\91i.:i fll'j 

'Ylflcl0'1fll'J'l1l1'fll.Jcl"J'fl'Jij,J'j::::~'Ylnfll'Vifll'Jfll\lfl TS lu'J::::111J\J'10'1 84.4% (;\91'lf'Ufl, 2011) 

~ ... 

(a) 

1snnno 

..'..i I nnn0n 
on 
E 
~ 

fl 

(b) 

::-- 15flr.<1() 
...J 

on 
5 
"O I r,;1('(1() 

0 
V, 

....; 

ro ..., 
5fl()fl() {:. 

() 

Stir I rniP 

Sli· 3 min 

Stirrin~ time (min) 

Stir 3 rnin 

Stirring time (min) 

:::.1ir 5 min 

62.') 

~ 0 

60.tJ :; 
ro 
> 
0 

[O " E 
Jo,U 111 ... 

sr,.n 

1/'t 
5.5.0 t-

sn.n 

.fll'rt~ 25 Ufffl'1fll'J!llit11J1'Vit111 TS OO'U!!cl::::'11'1'1fll'J'l1:Uf1Ucl:::: %fll'Jfll,J~TS ~'J::::tt::::!1cllfll'Jf11'U~1'111'j 
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tfhrnu vs riouuc,::11rl'.:im·nttl'n~nc,1m11P1tw1::nu-u 60 uTvi i.:imvfvi 25 (a) 1m::rrn1m1 

\Pln\Pl::nou 90 u1vi i.:im-w~ 26 (a) m.J11mnh::irV1im-wn1,i~ vs ir.:i~ir~~nc,1n1u 5 min nm .. . 
\Plfl\Pltfltl'U 90 min 1,wmmw vs 11lJ~uih1wvhnu 105,667 mg/L 11rl'.:i~l1fl,lllU'Ufl1':il1tl'm1'h..111c,1 20 

1'Ucl~cl.:11l1~0 35,340 mg/L ~,ll~'U 66.6% 1'U'UWt~fl1':if17,i~ VS J1~,i 'WU~11"7fl7':ifl1'U 1 \Jl'nl'Jcll 

\Pln\Pl::nou 90 u1vi~.:iiimmw vs 1i1J~ulu1::urnvhnu 50,833 mg/L 11rl'.:1\'!1ni11uum111tl'm~unm 

.., ,,t .,.d ', .:,1q d d• .,id .,. cid'&, 
20 'J'U cl~cl.:11l1clU 25,017 mg/L r1,uilu 50.8% 1,JVV11 n.J vs 1iJlJ'IJU.:JU'U.:Jff'1lJV11ilmll':iU'U'YlW9f.:J lJ 

'.i:: uu l1 tl' nn 79f;nm-w t~'U vi! a\'!:: vi 1m1 tlovirc, w 111 n c, 1m ~u n19f;1fl 1-wi .:i m 1 VJ,i c, o.:i'IJ o.:i j .:in 1111 c,:: 

i 31 o .., • 31 ~ I _. .Ji ' . I'= 1 
r1w:: (2015) ,J'Yl7fl7';jVJ,lcltl.:lfl1':il1lJfl':i1lJ'UU.:ll.,!cl~flrncl::my11'U1uv':i 9f.:J'WU17u':ilJ7W VS lJ':itUU\]fl 

1fh.J 80% (j.:i-v'h1uc,::r1w::, 2015) 

(a) 
VS r:,ut -.- \/':, Remnval 

8QOOO 60.0 

~ SR.n 
'...J 6o'1f)00 --011 56.0 l E 
~ 

~ 

-0 ti! 
:.::;; t'j()()()0. ~4_n > 

0 0 
E "' ---.!E 

___ ... -.J-

QI ... --· 52,() ~ .::, 
~ 2001)() > 
g sn.n 

0 aa.o 
Stir I mi n St ir 3 r11i•1 St ir 5 11 1in 

Stirrin~ time (min) 

(b) 

- V'::> in \/~ r,ut -.tr- V~ Rernnval 
1.20000 80.::t 

~ 
I nnnnn 

....I __ ...,. ____ 60.'.J ,..., 
011 8('llf)(l £. 
E 0 .--- ---- ro "O 

:.::;; 6(),,1().1 t'j ()_'.1 > 
0 0 
E "' 

~ ~ 
lfX)f)(l .... 

-.p v") 
~ ,Z( l.~1 ;;... 
:!; 2mm 

0 0.0 

St ir 1 rllill St 11 3 111in Stir 5 rl'ii'1 

Stirrin~ :ime (min) 

.fll'rt~ 26 Uff,l.:lfl1':i1IDVU1'nfJU VS f1UlJUcl::l1rl'.:Jfl1':il1tl'nm1:: %fl7':if11i',i VS ~':itflt11ftlfl7':ifl'J'U9iH''7 

uc,::rrn7fl7':i\Plfl\Pl::flOlJ 60 mn (a) 1m::nftlfl1':i\Plfl\PltfHllJ 90 mfi (b) 
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'lfilllW COD fltl'WUcl:::'tti-lfll'i'ttlJfl~l'Jcllfll';i\Plfl\Pl:::mrw 60 'Wlni-im'W~ 27 (a) 1rn:::rrn1m1 

\Plfl\Pl:::fltl'W 90 u1'Vi i-im'W~ 26 (b) 'WlJ1lth:::ff'Ylfifl1Vffll'jf111i'fl COD ff-l~irn~ncllfl'J'W 5 'Wlnnc11 ., . 
\Plfl\Pl:::fltl'W 90 'Wln lflrJ'l.fimw COD 1i1Jluih11l'vilt11J 24,381 mg.IL 'tti-1111ni11'U'Wfll'i'ttlJmilunc11 20 

1 'Wt'l~cl-11'tt~tl 9 ,143 mg.IL fl~ tiJ'W 62.5% i'W'UW:::~fll'if1li~ COD ,tl~fl'WlJ~l'Jcllfllrn'J'W 1 'Wln l'Jcll 

\Plfl\Pl:::m.lu 90 'Wln ~-ii1mmw COD 1i1Jl'W'lu1:::1J1Jl'vilt11.J 18,286 mg.IL 'tti-!'1lflih1uum1'ttlJfllil'W 

l'Jt'll 201'Wt'lflt'l-11'11~6 10,159 mg.IL flfl11''W 44.4% fllHl1it'l-l'UV-l'lfi1J1W COD 1f1111~6-1'1lflffll6 'W'Yl1Vi'W 

'j::: 1.J'U \! n1ii'W 'Yl16vv rJffclW i tl u~ tl-lfl-1111 ~t)ffl'j V'W 'Yl 1 rJ~ 1ii 'W 'Yl16hi ffllll 'j OVtlrJfft'I w, ,1 v~i 'W 'j :::uui-i 

m1'Yl11mH11lTn111J1:::1111-i~t11P11J'ti'11111J1Jc1ffm'l.lv-1 ilc11nw 1m:::0'i1'111 (2013) ~-iij'lfimw COD ., . 

(a) - CCC in (CO out .. l J~l removal ...... 
'...J e,, ()()()n 5R.n 
._.. 
-0 _.,... ::;,,.o 
C: E 3n()()n 

/ l _.,,,.. sa.n (I/ _,,,.,- _, 
"U 

----- - ----------1----""_.,.,,-·· 

tO 

~ 20000 :>2.0 > 
0 

G'! E S(" 
sn.n ~ 

0 . --
~ 1nnnn 0 

~ j• 0 
V 48.0 u .E 
(I/ 
..c r. .1r1.n u 

Stir l mm Stir 3 min ::,t,r 5 rn,n 

Stirring time (min) 

(b) 
- COD in (_()l) Gut -a- COD removal 

...... 
:.... 
0~ 3(000 80.0 
E ._.. 

"O 2.:Cln() 
# C on.n 

tO 

E 2(()fl() --_, 
(l/ 

~ "O t.:nnn 
' an.n 0 

C t (l/ 
G'! QJ 

5(' l COOO 
,._ 

0 0 20.0 0 _, 
;000 u tO 

V .E 
() ()J) (l/ 

..c: 
u Stir 1 m,n ·:,r.ir .3 m,n Stir 5 min 

Stirrins time (min) 

.fll'W~ 27 11fffl-ifl111llirJ'UlTirJ'U COD flfl'Wtm:::11i~m111l1'mm::: %fll1f111i'fl COD ~1:::r.i:::ncllfll'jfl'J'W 

~H"'}1m:::nmm11P1tw1:::frnu 60 u,li (a) 1m:::nc11m11P1t11P1:::mn-1 90 mli (b) 
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. 
' .ct ' • • • i;J'J'U'n 5 'n~i;J81Jfll BMP (B1ochem1cal Methane Potential) 

cl 3/ 3/ 3/ 1 0 

'il lfU:-Hlfll'jfffl'l:Jl'j::tJ::nmmrn1im"1::fll'j11fl11 :!:fltl'U ~'JV MgSO 
4 

fl111H'IJlJ'IJ 'U 100 mg/L fl tl'U'U 1 

\j'1 l f1lJ1Nil11n1ttfi1mw ~Vm1'11'U\j'1 lf1~1tlJ1 I :3 1~Vl11flWI-Uffl 'l'1.J'j::i1Jtttl ·:itJfru1im 'j'l'I.JiHll1::fll'j 

UtlVi1''11Vll1J1JU mmff1Jhn11rn1nnrfl 15 ~11'j ~ W'ttfJJJl'\.Jfll'j'\,Ujfl 34±2 °C 'j:;v::ntnfll'jttlffl 20 ~m 
,, 

fl U 'Y1 ~ '1 tM illlJ U ti fl 1 'U 1W tt 1 fl 1 BMP ttl fl ffflVfllW 'IJ fl -:J 'j :: 1J 1J'j 1 lJ l'l-:J th :: ff'Yl 1l fllW fl U U fl V "1''11 V 

,q .c:Sf1' I ~ ~ d G\ t J ~ ~ 'l t 

iYl'jfl'I.J'Yl'jtJ Vi1J11 iYllJ1'j(lN'11lfllttf'b'1fl1Vi l'U'1f1-:J 0.024-0.079 m /kgCQDrcmovc tm ::flni:-rnmJt'Yl'U t'U'lf1-:J 

0.011-0.045 m
3
/kgCODrcmovc ~fllrnfl11::flfl 'U 60 'Ull1 U'1 :!: iYllJ1 'J t1Hil11nit11i1mw'lui1 -:i 0.029-0.034 

n//kgCOD ll'1 :!: fllrnil11iimu'lw1h-:i 0.015-0.019 m
3
/kgCODrcmo c ~fl1H lfl11:!:flfl'U 90 'U1l1 hwfi~ remove v 

l~'U % BMP "1'-:Jff~~ 22.50 % i -:i uir~-:i'lu11111-:i~ 11 .. . 
.d ~ "'' '1 QI j) _ , ~ Q,.-=:t, fllnrn 11 i:-ramnim1::11m BMP '\Jfl-:imn1~f!fl -:J in::~1.J'ttfl-:J11{]1.J9lf11'j 

... 
'1lfWltfl8'U 60 'Ul 'n 

... 
'1lfl'11::no-u 90 -urn 

Nilflll'n~il8-3 .. .. .. ... .. 
fl1'U I 'Ul't'l fl1'U 3 'Ul'YI fl1'U 5 'Ul'YI fl1'U 1 'Ul'YI fl1'U 3 'Ul't'l 

.. 
fl1'U 5 'Ul'YI 

Biogas (ml) 
40,000 43,800 44,000 27,900 43,300 44,500 

%CH4 

57.7 54.5 43.9 51.8 62.3 50.6 

CH4 (L) 
23,080 23,871 19,316 14,452 26,976 22,517 

COD,cmovo 
5,079 10,159 18,286 8,127 14,222 15,238 

Biogas yield 0.079 0.043 0.024 0.034 0.030 0.029 

(n//kgCOD) 

CH4 yield 0.045 0.023 0.011 0.018 0.019 0.015 

(m
3
/kgCOD) 

BMP(%) 
22.50 12.32 6.87 9.81 8.70 8.34 
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' ' 1 ,:t <t o, A t:, ,:t ~ I ,:t I o o, ~ 1 ~ 1" , o, 
il'1Ufl 6 fffl1flfff)fJ.fll'rtfll"U-nlflfllCJf,n.fllV1illfllJt1 &flflf.11Ufl11fl111~ &U fl1&11U&Uil'fln::: 181fllff Uil~ 

., ... 
'tUJfl 200 Qfl"a 

91 ~ 11) • 91 ,d 91 91 
,Jlfl'Ufll.Jrlfll'.it'fflll111rllfll'Hl1'1.Jtn'l:::fllrnfl\91:::mJ'WJ.!rl 1mnt1 MgS04 'Ylfl1ll.H'UlJ'UlJ 100 mg/I 

fl tU::: ITT i' ti i fl 1 ~ f)fl 1 ;~ 11 "1 fl TW 5 lJ l 'n 11 "1 (Pl fWI:: fl fl 'W 90 'Wl 'Vi lJl fl fl 11 1 ff fl ti fl TVHll '.jl:-.j ~ (Pl fl 1 C)f 'lf 1 fl l'VHl1 fl .. 
11) '9 11) 91 .Ji 9 91 "' r:'I 9 91tl "' "' 0 ., 

J.!rl !fl 1'1.J{l'f\11:: !'.ifllfllff 9f'11lH·H'lflrlflfl19f{l'::fflJg'1-ey,iurl:: 1'11 '.i::ff'Yllifll'Yifll'.ifll,1,1 TS, VS Url::: COD 

l~fl11fll'.i'Yl,1rlfl'1t'W'l l,1t1m'.i'Ylf1rlfl'1,1::'Vi11'Wti'1mJn 200 ~\91'.i ~O\91'.iliY1'WJ.!rl 1ri~m11 1 :3 ~tU'H.fJii1 lJ 

fll'.imTfl 34±2 °C '.i::tl::11"1fll'.i'Hl1fl 341'1.J 

fll'.ittl~t11-1mfo'1ti1 TS mi:: vs \9lrlOf1'.i:::t1:::nmm'.i11lTfl 'll0'1'.i:::uuH~IPln1cifi1mn,11fllJrlin .. 
I I ,, I 

V'l1J11'li1'1'.i:::t1:::ncn~11-1 hJ ,i::iiri1'1,rn'1 i'1u'fff1-i 1 'Wml'l'Vi 28 1-u o-i ,11mnf1fl1'.i n-mvi1'1Jo'1 ffl'.i\Fl-J~'W ;'1 

o' "' ,do' ' ,J O 11)_ 19 919 ., ' 9 1191 "" ,do' .,i 
ffl '.i m'.i Ufl'W ti'W 'Yl'.i t1m m1-1 ,i;:: ~ fl'W 1 rn i '.If i 'W m:::u 11-1 fll'.i'HlJ fl t1tit1 i 1-1 ff m1::: 1 rn1mff'Uti'1~rl'W 'Yl'.i t1 in o 

_ 1.d llJ _ I ~I r:'I "' 9 "" r:1 "' ' ,d ' C: 
l1J'1tl'Wffl'.ifll'Hl'.i !1J l1JlJfllC)f'lf'Jflll'i !'W'.i:::1J1JHM1fllcif'lf1flll'i fl1 TS U'1::: vs 'YlmlJl:::fflJ,J::: 'lntHVilJ 
_1 a ~ ~ a ct .dl GI QI -=ii. ~ .c1 .i::1 , _ 1 1J'.i ::ff'Ylnmn'llti-im::u11-1mrnrllPlfllcir'lf1mn cir'1 11-1 o'1 H'11Plfllcir'lf1mnfl1rnm vsrrs 1J'.i:::mw o.6-o. 7 

(~vi'Wf11, 2544) ~'1,Jlflfll'.i'Yl,1'1fl'1i1ti1ti~1'W'lf1'1 0.45-0.69 ri'11-11my1ifti1 vsrrs ~mm:::ffmirni'uH~1o1 

~ d Gt9'•_ 1 Q Q O QI d ls)Yd• 

fl1Clf'lf1fll'Yi m1:: 1'Hmu1:::ff'Yllifll'Yifll'.ifl1,1,1'\lfl'1U'U'1'J::mt1 1,11Jm 86.59 % 

12,000 
---+-Total Solid (mg/L) ---Volatile Solid (mg/L) 

10,000 

...J 

---O' 
8,000 

E 
-c, 6,000 
0 
(/) 

c 
4,000 ..... 

0 
f-

2,000 

0 

0 3 6 9 12 15 18 21 24 27 30 33 

Duration t ime (Day) 
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'11omrnn'Ylf°lijfl-!!Vru11'i::ti::nij7fll'jl11Tmhw 'hlfl1 VF A '1::ijJ1im::flm.J,i' Hfl..'.I~ tflti9'1nflf°l'lf1-!I 

fll'i'Yl,HHMijfl1 VFA 1h::mw 1,033 -2,221 mg/1 uu,Mh.im'Vi~ 29 tJ~1/b~111111u'lf1..'.lfll'i'YlflntJ-:iij 

llill1Wfl1 VF A 1uo.:Jf-li°i11n79fi1m'Vifl~1'1.J'lf1..'.l~mm::ffll tfltiilifl1'ilfll.l 3,000 iJn~o111/ i°i11'i (McCarty, 

2001) ~..'.I VF A ti11.Ji11hio-:if1111J fflJ~ij'\Jf),!jfll'j'Yi1-!!1'1.J'\Jf)..'.l~i°ilJ'Yl1 v~u! Hm'11 'tl1Tl.l 'i::m tJf)'U~i°i'I.Jl'l1 V 
ozj11~ff! 1.:Jn19fijll'll.l (Chen un::mu::, 2008) 1mhmrn.:Jfl7 ALK 11ntJ,i'j::tJ::nm'\Jfl-!lf11'il1lTotJ~1u'lf1..'.I 

3,033-4,770 mg.CaCO/ l i-:ittfffl..'.111.Jm'Vi~ 28 ~.:.i-o~1u,h:i~mm::ffll 1,000-5,000 mgll 11.JfU'\J'O-!I .. .. . 
Uf!nt0Mt.11Jfl11 mHl.191 ( CaCO3) (Gray, 2004) n.:.iti fl111J1;fllJ1'j fl 1 lJ f11'ji1'1.J 'Yll'I.Jfll'j 1i.Jn tJlJUi.Jcl..'.lfll'Yilt:l'lf 

tr1mrnvutiu ,~ "1ot1m1ri1u m,i i ,ilf 1.J'j ~m tJ~t'Jfl171Jl~l.l m,1,11.:.i (VF A/Alkal inity) 'lltl..'.li1mh.:.i~~hu 

f11'l"'l.J7'Ufl '11f1f11'j'YlflntJ-:iijti1 iw1h.:.i 0.29-0.69 ~..'.ltJ~1'1.J'lf1..'.l'\Jtl..'.lfl7~mm::ffll fifl 0.1-2.5 (Khanal, 2008) 

12,000 
-+-Alkalinity (mg/L) -11-- Volatile Fatty Acid (mg/L) 
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7,000 -...J -a, 
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Duration t ime (Day) 
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tirnf-unntiJ~m.JuiJn..:ifi1 COD i1viff'V11.:it~f.J1n'lJfi1n1'jtiJ~f.J'UUiJn.:i'llfl.:i TS un:; VS fimrlo 

'j:;v:;nm~1u 1 ilfi1 COD ,i:;,Jf 11i1n~rn.:i ,i1ntTu ,i:;1,Y1gmnrHYlJ,Jrl'Ufl.:iii-m1:;~ij~iiu 'V11 ti'il111i1 i ,r 
' ,, 

1,Y1tirnf mrnJ:;'Uf).:jfl1l11'j l~U~1 fi1'j til~vumJMfil COD ;,:i i1-hnnrvi1ti111:;v:;m n 1:;v:;u 1:;1111otji 'U 

JulPlm..1m1ii-!1.:inw1 l'i1 i 'llm1vflt1ffriw1il~vu 1ilm1fl'U'V11 v1 il1tlum,1flu'Vl1ti'1rn:;ijuu11 ,r 11r1,ir1.:i ,iu .., 

~.:i1iJui1tl.:iiu.:iil1:;ff'V11ifl1Vm1n\'H1'U'\Jfl.:j~i,u'Yl1"1'Wo.:imTn lum'j~flf.Jffr11f.lff1'j6'W'V11uJ.:i~o~l'Wiil 

d .Ji O 1-11 ii ~I I Q,O I ., ... d ., 

'llfl.:ifl'\.lfl1fl'll t1.:iu 'U.:i1rn:; ffl'j n:;m f.JCJf .:im11 nou 1 u •nuuu 11 n nm.:i.:i1uu n:;u l1 n.:ifl 1'j'lJ fl'U 'U fl-:.t ~nu 'V1 'j f.l 

lu'j:;'lJ'lJ ili,iv\PIH 

14,000 
-+-COD (mg/L) 
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Duration time (Do~) 

fl 1 pH l il-u i1 ,l iv11 rt .:i ~ iifl 11lJ ff1t1t\j6V1-:.11J1 n~ oil 'j:; ff'Vl 1i fl Trm 1'j VtWffrl 1f.Jff1'j fl'W 'V11 ul 'U 'j :;11 'lJ 

i:-1i, \PlfilCJfi1m~ m 'j 1:;1 ilu i1tl..:iiu .:innl'i1.:i1u 'U fl.:j ,iiiu 'Vil ul 'U 'j:; 'lJ'lJ i:-iii ~n1CJfi1m~ 1rl fl~ '1 nw 1n U . 
11.l~v1miln.:ifl1 pH 'llfl.:i'j:;1J'U\Plr!fl,1•1h.:inn'Vl,1no.:i ~'lJ11fl1 pH lu'j:;v:;urn,i:;n,iM uii-~.:ilirrttu11 

'j :;1Jrni m,Y1~ii-m1:; ffllfJ n'U o.:im:; 'lJ1'W n,'j ii-! 1-:i m ,i 1,i f.Jfl 1 pH i1.:im:;1J1u fi1'j ii-! H m ,i ,i:;IPf n..:i 1iiJ 1 

n11 4.5 l~fl.:j,Jlfi,J:;thi:-in l'llm'jJ:-1ii~n1CJfiit'Vl'Ulhfimwi!nvn.:i 1,ivvii'U'YlllJllJ'V111 'Ul,l'I.J 1iimlll1fl'Yl'U~6 

ii-m1:;f111milum~g.:i1-11ofl1 pH J1 (iJ'V.'U~1, 2544) mf.:i,i1n-fu~ 9 'lln.:im'j'Yl,inn.:i fll pH iim'jil111 

4 ,J Q i/ ~ .._ d o'd ii ii • I , ii .._ I o Q 
1tn1'Uurnnu nmu o.:i,i1nm,iouV11 mJfl 11m'UlJ'U'I.J n,i n.:im11:;onvovii-n 1v 1rn:; ,ii:-ini:-in~ii-1u l 11 w11lu 

SJ V 

C)I d Q.O C)I o' 'J "I .. , I ii ii ii 'l° d ,J 
mCJtlJl'Vl'U ntJmCJffll'j 'lJfl'U 1 ~ mm 1 C)I'~ 'W 'lf1.:i'YIW'll o..:im ::111u ml t1111J1 'lllJ'IJU 'llfNUfllJ 11J 1-u ti ,i::mn'II 'W 

, 11 d ~ J ~ , l"' .d 
1

• Q I , • 

~11Jn1Wflf.lffrl1f.l 'W ~'jl,J'I.J'Yll~lJ'll'W C)l'.:,t,l:;tHi:-lrl l1fl1 pH m1J ~f.Jfll pH 'llU.:il:;'lJ'lJ1Jfllfl~l:;'111H 7.36-
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QI ~ .d di IG} I I ,::j QI \J] i/ O QI ~ ,ct d'Gf j/ I 

7.78 fl -m i rn~ t'Wflll'l'Vl 31 C]f~fl~ t'W'lf1~fl1 pH 'YlfJfllJ'nJ lfl'ffl'tt'nl1'1'W'Yl'HI t'Wmt'IJ1'Wf111"1'17~mflfl~ 

l'W'lf1~ 5.5-8.5 1rn~rl1ttf111~1rn1a~ir~1~iit'l'l'Wfltjl'W'lf1~ 6.7-7.4 (Derbal 1rn~mu~, 2012) 

8 
: 

7 

6 -

5 
-+-PH 

:c 4 
0. 
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2 

0 3 6 9 12 15 18 21 24 27 30 33 

Duration time (Day) 

Ht'lf171'Yl~HYfl'Uf1flfJfl1'V'lf17rniJ\PIO7CJfi1fl1'V'l'Ufl~f17Hlflt'lfl~ l 'W ann1n 200 iJ\Pl':i fl1ll'l1i~ ~7flf17':i 

'Ylt!tlfl'IJ 20 -ru 'V'lu11 11u11 tl'1J'Ufl~m11nf!o1CJfi1mn~1nl.Jt11n~~1um1iJt'UtYm'V'l;1v Mgso 4 ~t1111J 

l.,rl.J'lr'W 100 mg/l l'W'lf1~ 101umnii~1m1Hil\Plt119f'lf1fl7'V'l~fl1'WL'W1ti'IJ~\T~fl11 50 I/day ,,,;~~1mru~t 

~flfJ'l t'lflt'l~ ~'Wm~vm~t1'U':it1J1ru 30-40 I/day lflfJiit11CJfi1m'V'ltY:::tY1J 1,488 L ~ 1tt1tnmm1111Tn 34 

., 'i <M "' .d "" IJ 1'"' .,_ I <M "' <M _, IJ II) _, 
1'W tflllfl1CJf'lf1fl7'V'l'YIH'1\91 t~Jl.Jfl~fl1J':itflfl'IJ'Ufl~fl1CJflJl'Yl'Wil'~tlfl 63.47% fllCJffll':i'Ufl'W ttlflflfl tCJffl 27.10% 

"' . 
3 4 GI 'i .d 

m /kgCOD,emove '11':ifl 29.32% fl~lltlfl~ t'Wfll'V'l'YI 32 



120 -

~ 

>-a 100 
-a 
::::i 
~ 

C 50 0 -
:;:; 
u 
::, 
-a 60 0 
I.. 
C. 

Vl 
a 40 Cl 
0 
:a 
~ 20 a 
0 

0 

0 

-+-Dialy biogas production (L/day) ---Cumulative biogas (L) 

3 6 9 12 15 15 21 24 27 30 33 

Duration time (Day) 
. . -

1600 

1400 

1200 

1000 

600 

400 

200 

0 

-:::::!. 
1/l 
Ill 
Cl 
0 
:a 
Q) 
> .::; 
Ill 
:i 
E 
::, 

(.) 

67 

.::i ~,:t ,d_ .Cl, I Q.1 ~,d Q.I 

.tn 'W n 3 2 u ff ~--1 tl'h .11 w m CJf •1r1 m 'Yl 'V1 f,.I ,w1 ~nn u u r1:: tlhmu m CJf '11'1 m'Yl ff:: ff ll ~ r1 u ~ 1 :: t1:: 11 mm 'J '11 ll n 
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ri1 Total Solid (TS) um: Volatile Solid (VS) L'Yllf11J 24.9 % mi:: 19.4 %m:i.Jrl1i1J 1fltJfl1 vsrrs L'Yllf11J 

~ I I .Ci I ") Id (V I f/ I ., -d_ ~ ,d f 

78.1 C)f,HJ~i'Wfll'YUl1lJ1:::tY:IJ U9ll.Jt'l lfllJ't19l'l1''1'1'Wfl1'.i1Hl'Wl1ltl l'W 111l'l1'1'W'Yl\Pll\11flfl1'J'Ylflt'l'tl.:J1Jfl1 10.1 

<v f, q t ~ Q ~ d i Gt j/ 111 t d QI ~ o d .c:i j) o cv ~ 1 ~ q V 
fl.:J'W'W 1'Wfl1Wtlttffmm'Vit1Ht11?1fllttf'lf1fl1Vi fltJ 1'll'lJt1 mli'.J'W11?1t:1~1J\111ihrn\l:::1?1t1.:im\l,11'W mrn'W LVitJ 1l1 

<u • 

I 4 .M 
fl1 C/N !Vi lJ 'U 'W 

\11nmnh:::1ii'Wtlnttm'Vim1Hi19ln1ttfi1m'Vi\11mNt11.h:::nmrn1.:i1flij'UtJ.:J1Jfl 1ri'Vi1J11n1ttfi1m'Vi 
<u 

.d ... 111 "1 ,..,. ., 1 w ..,. .d ~ w ,( "1 "1 ,1.d,, 
'YIH'19l ;1\llfl\jfl lfllJffflff1'W'Utl.:Jfl1C)fl.Jl'Yl'Wt,'.:J'YlltltJfl:: 45.61 fl1C)ffll'j1Jt)'W l~tltln lttffl'Yl'ltltJt'I::: 46.54 1m::: 

fl19fUfllJ 1:i.JlUtJ~Jt)tJt'I:: 7 .85 1fltJflfllUUtlhnwn1CJf;1fl1Vi ,~ 948.14 I/kg ~.:Jl1l.JltJf111lJ11ffl'J;'I.J 'Yl1 vi u 

l.Jt'I iri mm1otit1t1ffmmm::1tl~ttmuun1CJfiil'Yl'W i~'W611l'll~t,'.:if vt1t1:: 45.61 

\11nm1 Rffmm1 n1 i~ 1 'W 111l11 \l'W 1~tt 1-Un-n tflii i~uri u:i.Jnil1cifttlJU:i.Jnil1cifttlJci'f!1vJ91 (MgS04) 

UlJffWlC)ftJlJflt'lt) h; (MgC12) Ut'ltU1Jnil1cirtJlJt)t)fl ,C)f; (MgO) f)t)'U'U1\j'1 inmH~9lfl1C)f;1fl1Vi 1~tJ't11fl1'J 

mjn i 'W 1::iunv.:itl~1.J1lm11 'W mn1::m1 tit1t1fffl1t1111.J1.J 1 f mmffmm911 m1tt "n 15 ~m ~w tt t.1iii 'Wm 1 

l1ijn 34±2 °C 11fl1fl1'll1ijn 15 1'U'Vi'IJ11 m1i.Un-11flt'11tJ MgSO
4 

~fl11lJ1,YlJ'lf'W 100 mg/I lfi~fl1'lHil9l 

fl1ttfi1fl1Viff!:fflJt,'.:J"J'flfltl 15,320 ml 1m::iiiitJ1::ff'Ylnfl1Vifl1'lfl1\1fl TS, VS 1m:: COD~ 37.7%, 29.8% 

1m:: 30.4 % l1l 1 :i.Jrl 1i 1.J~ .:i ii ri1g .:in 111rl mli tJ'IJf11J o.:ifl 11.J tJ11 \l 1n m 1 'Yl,1 fl v.:i n-1,Ji~11m119ilJ ulJ nil 1ciittlJ 

ffllJ1'lt:l1~1Jnl'J H~9lfl 1CJfi1fl Wl fftfflJ 1 fltJ hituu ij'I.J m w9iv~i'i'W 'YI 1 tJ~VOtJfft'l ltJffl'j V'W 'Yl1 v1..:lv Hi'il1l fl1C)f 

i1mmnmmiri 
<u 

~ ,,,, .d ,, ,, 1 ,,, 
\11flfl1'Jl'lfflfl11t'l7fl1rn1'1.JUfltfl1'Jl1lfll1l!:fl0'U\jfl n~1tJ MgSO4 'Ylfl11lJl'U1J'UlJ 100 mg/I ~tJ ~ 
. ' ' .ct .cS I cv t .c::l d 

'Ylflfltl.:J'Yl11t'llfl1'1.JUr;t!:11t'l19lfl9l!:fl0lJ'Utl.:J MgSO4 'YlU9lfl9l1.:Jfl'I.J\11flflWYlflt'ltl.:J Vi1.J11 'Yl11'11fl1'1.J 5 'Wl'Yl 

.ct .ct ,.. t-= t:'I A 1.::i .cit .ct ... t'= a'# I 

11'1111lfl9l!:flt)'I.J 90 'I.Jl'Yl lJu'JlJ1Wfl1C)f'lf1fl1Viff!:fflJt,'.:J"!~ tl~'Yl 44,500 mL C)f.:JlJu'JlJ1Wfl1C)fff!:fflJ\l.:Jfl11 

~ t.::t <v t c,.i d jJ t .d a , .ct 

m1'Yl~r;tt1.:JtllJ'1 U\?llJff~ff1'1.J'UtJ.:Jfl1CJf'lf1f11Vi'I.JtltJn11m1'Yl,1t10.:i'Yl11mmlJ 3 m'Yl 11r;i1111n91::nou 90 lJl'Yl 

.Ji "' ., 1 w "' , "· I'= w ..,. ... !:'1 "' " 
cir.:i1J ffflff1'U'UtJ.:i mcirl.U'Yl'W g .:J"J'fl 62.3% l1 u rn1w mcir1J1'Yl'U g .:i"J',1f1~1 uu 26,976 ml uf!::: \l 7n mn1m1::: l1 

TS, vs 1rn:: COD i'W'J!:1J1JVi1.J11~11'11n1lJ 5 mli iu11m111n111::nt1lJ 90 UT¥i ffllJl'Jt:lfll\1,1 TS, vs 1rn:: 

COD iAAn11m1'Yl~t'ltJ.:J~U'1 hwfi,11uu 67.9%, 66.6% 1m:: 62.5% 1111:i.Jrl1i11 \11nm111f111::11tlnttm'Vi .. 
'Ut1.:i1::1.J1.JnlJi.:it11::iY'Ylnm'Vim1tivtJffflltlffl1vu'Yl1v Vi1.111 mm10Hil9ln1CJfii1Y1u 1 w1h.:i o.o 11-0.045 

3 1 "' !:'I .d 
m /kgCOD,emove fltJflfllulJ % BMP (Biochemical Methane Potential) \l.:JiJ"fl'Yl 22.50 % 

'11nm1Rm,ntYnt1m'Vimrni'i91n1ciri1m'Vi '11fl\Jt1 i ri 1 lJ n-m1::: H mmffi lJ o.:itt"n'U'W 1~ 200 1 

1 ..:::ir. t:'l.::t .d QI QI Q ~ J a°l.ct. d. <v 

~tJffllJ1HlHt'lflfl1C)f')j''Jfl1Vifftffl.J 1,488 I 'Yl'JttJ!:11'11fl1'Jl1lJn 34 1'\.J fl,!lulJfl1C)f')j''Jfl1VimfltJ1lJt'l t 44 l 

"i w "" .d "' "1 """ "· I w .,. w ,1 "1 "1 ,1 ..,. 
l~tJfl1CJf'll'1.fl1Vi'YlHfl9l lfllJt).:Jf11J'JtflO'U'UO.:Jfl1C)f1Jl'Yl'W \l .:J"J'~ 63.4 7% fl1C)ffl1'J1.Jtl'W lfltlOfl ICJf~ 27 .10% flfl 
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1il 'W i'lfHJfl 1'V'I 1 'W f)l 'j Hi'l ~ fl 1 C)f;1 fl 1'V'I 0 .083 m
3 
/kgCOD,emove tnl ::: fffHJf) 1Vi 1 'W f11 'j H ii~ ii t'Yl 'W 0 .0 5 3 

3 "" ~ t Sid • ~ 1" _,, .J 
m /kgCOD,emove '11'.HJ 23.77% ~1flfl1'iMfl'lfl'Y1~'11lJflm'Yfl~1'11m'W11fl1HWI t'I.J l~'irn'W lfl{J 'lfill'i1fllJ'Ylf11 1lJ 

y v d i , " QI • .c::t, Cl d'd , ~ a o' a ~ 0 ,d, "I , , 
t'lllJ'll 'W'Yl'Ylfl'tlfl'U 111 U'W fl'W ~ 'i w~ fl ~o'W 'YI 1 tJ'YltJfltiffm tim'i fl'W 'YI 'i m'V'I fl H"1 ~n 1C)f'lf1fl1'V'I ~1fll.J "1 i nu "1:::'lf1 t1 

1~m.h :::ihili m'V'l 1 u m 'i i:-iil~n1C)fi1ml'i un~1v 
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a, QI QJ t/ QI QI QJ oV ~ 

1. m lJ 'Vi WI 'U wrn .:J .:J 1 'U 'Yl fl U 'Yl 'U U 1:1:: tl 'U ·rn l:I 'YHl ·N 1'\H 1 'U m:: YI 1 1-:J 'Vi 1:1 .:J .:J l 'U. 2 5 5 2. UN 1-ft'i ffl'lfl fll il-Urn VI 
• 

ivHhu0.:.t1.h::mRint.1 ft.ff. 2553-2573 (PDP 2010), ri1,!fMl'U'U 1otnmrn::uf:,l'U'Viil.:.t.:.t1'U 

QI QI QI ti QI QI Q,.I ~ 0 

2. m lJ'ViWJ'Ul'Vil:1 -:J.:Jl'U 'YlflU 'Yl'UUl:I:: tl 'U 1 f)l:l 'Vil:1 -:J.:Jl'U .:Jl'U m ::'Yl 11.:J'Vil:l.:J.:Jl'U ff flEJ.fll'Ytfll 1NilVIUil:: fll1Ul 
• 

"' .ot IL 11 SI £'I .., . .I • . I .., • lJJ ,1 "" 'JI 
fl 1 CU 'll 1.fl l 'Yt rn 'll llJ U 'Yt il Hl U TI vi u nu {I lflyt l"lihJtl lJVl 1 [1:: 'U 'U tl tl 'U l 1:1 'U ]. ff 'U fl 'U 'ii 1 f) 

http://biogas.dede.go.th/biogas/web _biogas (19 'Vit)'lHllfllJ 2558) 

... ·- • .. ... lJJ ,I "" 'JI 3. f1 1 lJfl 1 1JfllJlJ1:ll'lll. 2544. tl-:.lfl1J1:::fl6tJ'\ltl-:.lfllO)f'll1111'Yt[1::: lJ1J tHJ'U lfl 'U ]. ff tl fl'U'illf) : 
• 

www.pcd.go.th (5 O'Ut.JlfJ'U 2556) 

QI QI QI ti QI QI .ct Q 

4. f)nJ't'lWJ'Wlm'l·Nl'U'YlflU'Yl'UUl:I:: tlll rnlll'l fl.:J.:Jl'U. m ::'Yln .:.tl'l fl .:J .:J l'U. 2555. fll1ff fl'tflUt1::Ul!iVlfll1 

NO\Jl'YtD-:.l-:.llU,'W~l/fl1UJ1t)U{llfl'\IEJ::1i1'l1U. 

5. n~'U1.h::VJ1J ,Jqiqi1ik 111n n'UV'U, ff111"1f1lJ uff'U'Vinrn 111:1:: 10m1'!ffi1,Jqi 1qi. 2555. inum'Vi 

I 'I 'J/ ~ ,d 'JI 'I lJJ 'J/ q 
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'J) 'J) Q I 

t'IJlJ'IJ'W 'IJtM t'Yl'.i tfllJ \Pl H"l 

Daily Biogas Production 

day MgSO4 100 MgSO4 150 MgSO4 200 MgCl2 100 MgO 100 
Control 

mg/I mg/l mg/1 mg/I mg/I 

1 0 60 240 190 60 0 

2 240 360 540 600 300 180 

3 1080 900 1320 1280 1440 2700 

4 1440 1200 2100 2160 2400 1860 

5 2040 1740 1920 1920 1920 660 

6 1080 1620 840 1020 900 480 

7 180 2200 600 720 660 240 

8 120 1320 300 660 180 700 

9 480 1700 780 960 540 300 

10 240 1080 600 540 600 300 

11 250 840 200 720 800 420 

12 0 800 320 700 180 660 

13 0 480 300 720 180 660 

14 0 540 300 960 0 780 

15 0 480 540 900 120 180 
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Cumulative Biogas Production 

day MgSO4 100 MgSO4 150 MgSO4 200 MgC½ 100 MgO 100 
Control 

mg/I mg/I mg/I mg/I mg/I 

1 0 60 240 190 60 0 

2 240 420 780 790 360 180 

3 1320 1320 2100 2070 1800 2880 

4 2760 2520 4200 4230 4200 4740 

5 4800 4260 6120 6150 6120 5400 

6 5880 5880 6960 7170 7020 5880 

7 6060 8080 7560 7890 7680 6120 

8 6180 9400 7860 8550 7860 6820 

9 6660 11100 8640 9510 8400 7120 

10 6900 12180 9240 10050 9000 7420 

11 7150 13020 9440 10770 9800 7840 

12 7150 13820 9760 11470 9980 8500 

13 7150 14300 10060 12190 10160 9160 

14 7150 14840 10360 13150 10160 9940 

15 7150 15320 10900 14050 10280 10120 
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illfl~U1fl 3 mrn-rn111m r.,rnvi f.l'IJ TS rimm'1~'11 ~'3f17'J '11:IJ fl~fl17lJ!-u'tJ-u'lJ'llfl'3tll 'J !flU~ 1-3"'] 

TS 
Simple % TS removal 

in out 

Control 39980 33183 17.0 

MgSO 4 100 mg/1 51080 31843 37.7 

MgSO4 150 mg/I 41930 30477 27.3 

MgSO4 200 mg/I 41387 25970 37.3 

MgCl2 100 mg/I 39830 29577 25.7 

MgO l00mg/1 43440 32790 24.5 
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vs 
Simple % VS removal 

m out 

Control 24100 21027 12.8 

MgSO 4 100 mg/1 24653 17300 29.8 

MgSO4 150 mg/I 24840 20067 19.2 

MgSO4 200 mg/1 23303 16830 27.8 

MgC12 100 mg/1 18147 14850 18.2 

MgO 100 mg/1 17700 14613 17.4 
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COD 

Simple m out %COD removal 

Control 26347 22187 15.8 

MgSO 4 100 mg/1 31893 22187 30.4 

MgSO4 150 mg/l 24960 19413 22.2 

MgSO4 200 mg/1 23573 16640 29.4 

MgCl2 100 mg/I 20800 16640 20.0 

MgO 100 mg/l 20800 16640 20.0 
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fllflN1-rJfl 6 tt ff~Mfll 'Hlli t.J'Ut'nt.J'U ALK f1 O'WUr:1~·mf.rn7':i'l1 lJfl~fl111Jt'1i'11,i''\J 'llt'.l..:J ff1 ':i tr1ii9i1..:i"7 

ALK 
Simple 

in out 

Control 1,400 3,433 

MgSO4 100 mg/I 1,667 3,667 

MgSO4 150 mg/1 1,433 3,500 

MgSO 4 200 mg/I 1,867 2,900 

MgC12 100 mg/1 2,433 4,200 

MgO 100 mg/1 2,067 3,533 
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VFA 
Simple 

in out 

Control 1,299 7,636 

MgSO4 100 mg/I 1,468 5,052 

MgSO4 150 mg/I 1,195 7,662 

MgSO4 200 mg/I 1,844 6,195 

MgCl2 I 00 mg/I 2,442 6,623 

MgO 100 mg/I 1,597 3,338 
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fl UlN'l-.110 8 II 'ff~ ~nl'J 1 'l.n tl'U1l1tl1J TKN nO'Ull'1~lHi~ nl'J'11 tl'fl~fl 'Jll.JI ,j'J.J,j\4 'lJO~'ffl 'J lfllJ l9i 1~"7 

TKN 
Simple 

10 out % TKN removal 

MgSO 4 100 mg/I 4011 3666 8.6 

MgSO4 150 mg/I 3923 2778 29.2 

MgSO 4 200 mg/I 4076 3965 2.7 

MgC12 100 mg/I 3521 3064 13.0 

MgO l00mg/1 3641 3438 5.6 
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C1' d .c::t .q .J , I Q.I ,d_ f 

illtlfl'l-! 1fl 9 II ff~.:Jlli lJlW f17CJJ''lf1fll'YfYllfl~'\J'U 'Ull~H'I::: 1 'U 'Yl':i::: fl:::r:nnf17':if11'Ullcl ::: f17':i 91 f1 91::: fHJ 'Ul•ll-1"1 

Set 60 min Set 90 min 
day 

Stir 1 min Stir 3 min Stir 5 min Stir 1 min Stir 3 min Stir 5 min 

1 0 0 0 0 0 0 

2 0 0 0 0 0 0 

3 0 0 0 0 0 0 

4 1200 1500 1800 100 1700 500 

5 1300 1500 2200 500 3100 1500 

6 1800 1300 2700 500 3500 1800 

7 1000 3600 2700 450 3100 2200 

8 2700 3400 2800 450 4000 2400 

9 2200 4000 3100 2000 3200 2600 

10 1900 4000 3500 2000 2000 3000 

11 2500 3500 3000 2400 2000 3400 

12 2700 2500 3500 2500 4000 3500 

13 3500 2500 4000 3400 3400 5000 

14 3700 2600 4500 2600 3000 5000 

15 3800 3600 4000 2200 4200 5000 

16 2900 2600 1600 2700 2500 2500 

17 2600 2600 1300 1900 2200 2300 

18 2500 2400 1200 1700 600 1800 

19 2500 1800 1000 1250 800 1000 

20 1200 400 1100 1250 0 1000 
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... r.:! a .c:t d , ,., 
mnr-,inn 10 urr~~urn1w mci1•1r1.nwrtY::rtlJ 'Yl'.i::tt::nmmrn1'Wui'l::nn11n11::mn.1111~c:i ~1tt MgSO 4 

Set60 min Set 90 min 
day 

Stir 1 min Stir 3 min Stir 5 min Stir 1 min Stir 3 min Stir 5 min 

1 0 0 0 0 0 0 

2 0 0 0 0 0 0 

3 0 0 0 0 0 0 

4 1200 1500 1800 100 1700 500 

5 2500 3000 4000 600 4800 2000 

6 4300 4300 6700 1100 8300 3800 

7 5300 7900 9400 1550 11400 6000 

8 8000 11300 12200 2000 15400 8400 

9 10200 15300 15300 4000 18600 11000 

10 12100 19300 18800 6000 20600 14000 

11 14600 22800 21800 8400 22600 17400 

12 17300 25300 25300 10900 26600 20900 

13 20800 27800 29300 14300 30000 25900 

14 24500 30400 33800 16900 33000 30900 

15 28300 34000 37800 19100 37200 35900 

16 31200 36600 39400 21800 39700 38400 

17 33800 39200 40700 23700 41900 40700 

18 36300 41600 41900 25400 42500 42500 

19 38800 43400 42900 26650 43300 43500 

20 40000 43800 44000 27900 43300 44500 
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... 
U-clt nmm rnn~::frntJ 60 U-clt 90 tJTYl 

l1t'llfl1U: 
Parameter 

nm 

VlflVlt fltlU 

COD(mg/1) TS (mg/I) VS (mg/I) VFA/ALK 
(min) 

In out In out In out In out 

1/60 10159 5080 66250 28257 1841 7 8790 0.99 0.1 3 

3/60 19302 9143 104593 41847 50133 23067 0.76 0.16 

5/60 32508 14222 126283 48327 68457 28670 0.89 1.08 

1/90 18286 10159 93000 40380 50833 25017 1.14 0.22 

3/90 25397 11175 99760 35187 63827 26837 0.51 0.72 

5/90 2438 1 9143 159407 51240 105667 35340 1.03 0.56 
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mfl~tnn 12 ui1~.:im·nmurn'Vit11.Jth::il'Vl1ifll'Wfll'l'n1i~ COD TS mi:: vs 'Vi1::u::11"1mrn1u~1.:i"7 

im::11"1m111tw1::trnu 60 im:: 90 m'Vi 

11illffJU:11illVI0111::fl8U (min) COD rrmoval TS rrmoval VS removal 

1/60 50 57.3 52.3 

3/60 52.6 60 54 

5/60 56.3 61.7 58.1 

1/90 44.4 56.6 50.8 

3/90 56 64.7 58 

5/90 62.5 67.9 66.6 
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mtunn fl 13 mrn-:Jfll '.i !iJ~rnrniJ-a-:i'tl ti -:i rii TS tm::: V S 'tl tl -:Jfl1 '.iflf1El l rlfltJ.fll'V-l f1TH-li)~tl19f;'J.fl1Yl,llfll.J't'lin 
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Parameter . ,., .ct 
1un Total Solid (mg/I) Volatile Solid (mg/I) VS/TS 

0 10,580 6,680 0.63 

3 9,885 6,053 0.61 

6 9,065 4,098 0.45 

9 9,908 5,670 0.57 

12 6,148 3,478 0.57 

15 6,150 3,510 0.57 

18 6,600 3,700 0.56 

21 6,900 4,080 0.59 

24 6,300 3,810 0.60 

27 6,440 3,517 0.55 

30 6,178 3,505 0.57 

34 5,943 3,588 0.55 
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.fll f1NU1fl 14 Url'~.:.!fll'.i!U'1tl'\.JUu€1.:.l'\Jfl.:.lfll ALK U€1~ VFA '\Jfl.:.lfll'.ifl'fflflfff)tl.fll'Wfllrnt1~fll"lf'lf1.fll'YHllf1lJ €1 .. 

Parameter 

Day Alkalinity (mg/I) Volatile Fatty Acid (mg/I) VFA/ALK 

0 4,770 1,770 0.37 

3 3,295 1,295 0.39 
-

6 3,039 1,039 0.34 

9 3,857 1,857 0.48 

12 4,247 1,247 0.29 

15 3,201 1,201 0.38 

18 3,221 2,221 0.69 

21 3,182 2,182 0.69 

24 3,646 1,646 0.45 

27 3,461 1,461 0.42 

30 3,033 1,033 0.34 

34 3,283 1,379 0.42 
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Parameter 

Day COD (mg/I) pH 

0 13,593 7.39 

3 12,852 7.36 

6 12,310 7.38 

9 11,212 7.38 

12 12,064 7.45 

15 11,169 7.43 

18 10,666 7.53 

21 9,239 7.43 

24 8,821 7.52 

27 8,653 7.52 

30 8,456 7.65 

34 8,334 7.78 
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Day Biogas (L/day) Cumulative biogas (L) 

1 65 65 

2 95 160 

3 81 241 

4 110 351 

5 85 436 

6 110 546 

7 67 613 

8 55 668 

9 55 723 

10 55 778 

11 30 808 

12 IO 818 

13 25 843 

14 20 863 

15 25 888 

16 40 928 

17 35 963 

18 30 993 

19 30 1023 

20 30 1053 

21 30 1083 

22 30 1113 

23 35 1148 

24 30 1178 

25 25 1203 

26 40 1243 

27 45 1288 
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Day Biogas (L/day) Cumulative biogas (L) 

28 55 1343 

29 40 1383 

30 35 1418 

31 25 1443 

32 20 1463 

33 15 1478 

34 10 1488 
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