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7.1 CalOHh, Enharnced SCO2 Fractionations

Alka.in2 oretreatment were performed under various pH values and contact times. The
overall rasults of th's study are illustrated in Table 3. That showed SCOD increased during
pH valies znd contact times were increase. Ca(OH), can disintegrate the sludge. After 30
mir. Ca(CH) mreatment, studgs SCOD increased frem 296 meg/L to 573 mg/L, 613 meg/L, 773
me/L, 981 anc 1,240 meg/L with the pH values of 8, 9, 10, 11 and 12, respectively. The
results showed that soluble organic matters decreased gradually when Ca(OH), increase.
Similar resutts were also repeted by Xiac and Liu (2006). The effect of Ca(CHy, treatment
duration cn sludge disinteAgrztion is also shown in Figure 2. The increase of SCOD can be
divided intc two stages: an inftial rapid stage of 30 minutes and a subsequent slow stage.
The sirilar durztion of the first stage can also be found in other papers (Navia et al., 2002;
Cai =t al.. 2C‘C=4;. Xiao and Liu, 2006). In first 30 min, the solubilization quantity was 70-85%
of total <zlukilized areanic matters in 12 h. So most efficient treatment duration was 30

min
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Figure 2. variation of sludge SCOD with duration time during Ca(OH)2 treatment.

7.2 Hydrolysis Kinetics

Experimental data related to SCOD concentrations and pH values during hydrolysis
process are given in Figure 3. An increase of soluble COD concentration as well as a increase
of the pH values. For all the hydrolysis conditions, a rapid increase of SCOD was cbserved
during the first hour. Then a Jecreasing rate on the SCOD preduction was observed untit
-the maximurn value was reached. However, for more intensive hydrolysis conditions (pH =
10) the COD salusilization inzraased significantly until the 5% hour of hydrolysis, where
about >80% of the solubilizaticn had been achieved.

0.30
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= I X upH 9
& 015 i #; p
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g XpH12
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0-00 L] T L) L] T T
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Figure 3. The experimental quantities of (t} and (t/CODs'?)



Table 3. Calcuation of the nydrolysis rate constant k and the theoretical upper limit of

soluble COD
Maximumn thecretical

: Hydrolysis rate, k 2

pH A B scluble COD (hY) r
(CODoo; meg/L)

3 0.C937 0.014C 1222.04 0.6863 0.9266
3 0.c937 0.014C 1222.04 0.6863 0.9266
10 0.0918 0.0138 1464.87 0.7353 0.9106
11 (0843 0.0121 1938.24 0.6945 0.9075
12 0.0735 0.0111 2436.61 0.6841 0.9075

7.3 Biodegredability Performances

The BODs/COD rztios we e evaluated during pH values varying and 5 h of contact time
as the results shown n Figure 4. The BOD,;/COD ratio of raw WAS was about 0.08. After
adjusted pH, the BOC;4/COC ratios were increased to 0.52 and 0.59 of pH 8 and pH 9,
respectively. However, the BOD,,/COD ratios were decreased during adjusted pH 10 and
pH 11 and biccegradation wacs inhibited at pH 12. This can be explained by the metabolism
of microorganisry wera inhibited at the higher values than pH 9 (Chen et zal,, 2008; Zhang
et zl., 2010).

0.7
0.6

0.5
0.4 - '
03
0.2
0.1
0.0

pH 10 pH 11 pH 12

Figure 4 The BOD,/COD profiles of WAS after adjusted pH



-yd-olysis of organic matter was limited at high calcium hydroxide concentration
(Chzn et a.., 2008). As results of 'BODZO/COD ratios were tess than 0.05 when adjusted pH
valuzs in rznges of 12 told. Calcium hydroxide at low concentration is essential for the
me-hanogenic bacteria, presumably because it is important for the formation of ATP or
oxidation cf NADH. However, high concentrations of calﬁ:ium ion was inhibited the activity
of t~2 micrzorganisms and interfere with their metabolism. The level of inkibition depends
on -he cor centration found in the sludge. Very little is known about the toxicity of Ca2+
in the anaerobic system. Jac<son-Moss et al. (1989) observed that Ca** concentrations of
up to 7020 mg/L had no inhibitory effect on anaerobic digestion. A large proportion of the
Ca” passed through the digester and was present in the effluent. Kugelman and McCarty
(19€4) repcrted a much flower toxicity threshold, They showed that the optimum Ca®
conzaritratizn for methanation of acetic acid was 200 mg/L. Ca?* was moderately inhibitory
at a zoncentration of 2,500-4,000 me/L, but was strongly inhibitory at a concentration of
8,00C me/L (Appels et al., 2008; Chen et al., 2008).

7.4 Czlcium Precipitation and Alkaline Toxicity Reduction Potential

Calcium hydroxide can te improved the SCOD fraction but high calcium ion can be
inhibited ~h= microorganism activity. In this study, the possibility of reusing the produced
alkaiinity by -ecirculation anaerobic effluent was investigated. Calculations and experiments
were szriad out to investigate to what extent calcium could be removed from the influent.
Experiments were carried out in batch test study. The influent contained up to 2,815 me/L
as CaC0; dusing the adjustec pH to 12, condition. Removal of calcium from the influent
coulz ke successfully accomplished as the result results showed in Table 4. Recirculation
of the znaerobic effluent supplied sufficient bicarbonate alkalinity for crystallization.
Conzeguantly, no extra chemicals (i.e. Na,COs and/or NaOH) were needed. A chemical
equilionium model, with adapted pseudo solubility preducts, is a very useful tool to

dete-mine the proper recycle ratio of effluent for optimal performance



Table ¢. COC fractionation and calcium precipitation performances

Concentrations Concentrations

Process (me/L) (mg/L as CaCOs)
ccnd'tions Ca-

TS TSS TDS TCOD | SCOD Alkalinity
Hardness

R1 9945 8,280 1,665 469 88 2,565 360
R2 9,280 8,110 1,176 352 205 2,270 400
R3 1C,825 | 8,270 2,555 352 205 2,955 580
R4 1£,525 | 10,090 | 4,435 2,053 1,906 2,600 455
R> 12,340 | 9,630 3,710 3,520 2,346 3,480 790
R4 14,605 | 11,410 | 3,195 3,285 2,053 1,850 245
R? 12,355 | 8,450 3,905 4,106 2,698 2,680 2,815
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1 - - ¥ a 1 o 1] o 1
azApUTIMALINT U UTITAN NFoUUUAE NOS I (WAS) Hoenlsznoudluvauiaszivody
U i ] U [ o = 21 o T
(TVS) 60-30% Wsaaoudanesiua (TS) ueasnesddsznovdiulvgves was dumsdunsd ua
- 1 =1 = - =i gl r g 5
AsDoaIEMEMIaTIn I 1A 30-50% w9 1® TeAnarua (TCOD) 111U (Dumas et al, 2010) &4
o = o o =1 2 oY g 1 w 1 9
pardszneuvesmIdunsdndovaanmeFinmeinvie lala udualsznoundninetamldms
N oe e ' ¢ Vg = 2 s ) =
lelasladenialdauysal daulvgiluIwdmesniwuenwsad (extracellular polymeric substances; EPS)
a = o & 4 o ' o PN = .
yauvs dnandumotloadumadiazaolumstameduluzidenyieAduFinm (biofilms) EPS 1flu
v o Y oy ¥ o o a o ' Yau o
msngosaa1ena N lnoni g et Iassad e Indwesineu msvev EPS IHNuwa@nag

o

¥ A oA ~ ' =) a @ W = .
FuiludealinszuIUNIAATIHG /482 FIN W 131U MSINURUNYI] (thermal process) 639731151 (ultrasonic)

L)

: ey = r o =
3301990NaA3 (mechanical process) UAZTENTININ (biological process) 151 M3tAMEY Lol 1Hudn
msAnutshiszvunyutouaesnmbduuussszuinhtacuy eeniounduuldiie
< L] a 1 a a_ s % ] o) ]
Wuanummialunmdesamonadinmess wWas sautuszuuihiauuu1$ema demanuiudg

) ¥ T o o = B.I
vouhduuanszuuihitousy 15eonsouTaoa ls zum 2,000-3,000 mg/L as CaCO, (Metcalf &

Eddy, 2004; Grady et al., 1999) TaoTumsfnuifiiiunives Lin etal. (1997) wui manudlumsdszu

2,700 mg/L as CaCO, @wIainAF TaRazmmi1 (SCOD) ¥os WAS 910 251 mg/L 171 4,783 mg/L 18

FY
o ¥ = £ =8 yay

] =] ) o Y a i = [}
gaiumsaanuntaaulalearnnumiuaslnihnanszonitauuy 1S eendouiemiun SCOD #io
migasacien1TaImwlddu was  Tawsvihinisthoasudussouihdauun13eondiau tha iy

& A ) FIY a = ] ] 5 o =1 H o o
ﬂitﬁ‘lﬂﬁﬂ'Iwmi‘l_l'l‘l_!ﬂlmzﬂh'ﬂﬁﬁﬁ?‘ﬁ‘lﬂ’)iﬂw amﬂ‘ﬁ’mn’lumsmmmmu ﬂﬂﬂ\‘iﬂ"liﬁﬂ‘l‘:ﬂf.l#‘llﬂuﬂ'li

[4

=

o s as = a Q G o a
20 tlig‘llﬁﬂ‘}lﬂ.l”tlﬂiﬂﬂ‘llgﬂ‘im (reactor configurations) Gl‘rnfiﬂﬁn].ﬂﬂTi"Vﬂ\ﬂ'll“llﬂxﬁz‘]l'ﬂﬂ'l"ﬂﬂ WAS #1111

=

1 w T A a a = o s W o o =1
TmLesg sz aninweazosnw dszndam oo Llﬁ&NﬂWﬁﬂUq@ﬂuﬂ'IS‘U'I‘]_Iﬂ"UE]\‘JLfTEI

9. MINLVIUITTUNITN (reviewed literature) / TITEUINS (information) MABIT D

9.7 ENHMTVDINTADUTIUNUIINTTUUALNDITI (Waste activated sludge (WAS) characteristics)
S.1.1 ANYHINNANTWIBZONITINSINAATNOUF IUIAU

= ' o 1 =t ) 1 - a '
ﬂsumwzﬂaumumumniwm:ﬂamia (WAS)  UANUUANAIIAUTUALAING

G

PENUULLAZATUANTTUUAZ NEULI Tnuia ez nougdusidoinszuuinimin@dounusz neuis

Y3z 0.4-0.8 mgVSS/mgBOD

removed

. v X o
{Qasim, 1999; Metcalf & Eddy, 2004) YS11a5900noudaiuny
¥ o = VI 1 ‘ X : & o ¥
B luazneuniolsz@ninmmsmoaii (sludge dewatering) ¥4 Ino Tludrnznouiiniuiy
7 = . : . & ¥ a : ' o o
9IRYTZNOUNI 90-07% (Metcalf. & Eddy; 2004) #adamaz1an 9.1 Benaldifadymlumsvudeldiida
Fy

niuTsdosfinsyummitians noud uiwisanSuiasuasihminvesnzneudiuiiasnoudela)

) o
Misafoae TymianedudurrfoulanAIymens
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3 ) = o w ¥ a
ﬂ1'i]dﬁ 9.1 ANEUINNTENTHUDIASNDUTIUNUIANTELIUMTUILAU LT

AN AN mvoandenanus, TS
szutiia/msA LN s Uy 029911 | D9 (kg/m’)

vowds | vesmzneu . —

B3 AURaY

1. Primary sedimentation S 140 -1.02 110-170 150
2. Activated sludge 1.25 1.00 70-100 80
3. Trickling filter 1.45 1.03 60-100 70
4. Exterded aeration 1.30 1.02 | 80-120 | 100
5. Aeratzd lagoon 1.30 1.01 80-120 100
6. Filtration 1.20 1.00 12-24 10
7. Suspended growth denitrification 1.20 1.00 12-30 18

111 Metcarf & Eddy (2004)

912 ANHAUSNIUATVBINT ADUAIUNY

o el

[ & * r v <3 =
AZABUTIUDUNNIZVUALNBMTY  (WAS) lasaauIngiziluaznougdunson

= =

A 4 2 ' a o o ¥ : @
ﬁlSﬂJLF.‘Jﬂmm:quﬂ‘lu’nun'lﬂﬂlumﬂmiUE)UfTﬂ]UﬁTﬁElll“l(ld‘iﬁu‘izll‘l_lu'mﬂun?l‘ﬂ G§Qﬁ1u1iﬂllﬂﬂﬂgaﬂﬂ

o
¥

nnthiEe 18 lasnsanaznouludannaznou msedt 0.2 naneslsznoumaniives WAS Resnainga
ﬂﬂmﬂau%’]mmf‘?eﬁhﬂnﬂ:ﬂamjzuﬁﬁm (excess sludge) uamxﬂﬂuﬁ?ﬂﬁmﬁ’a (dewatering sludge) E?N
v Taeialil was Usznaudaas mavews shanuaiseuin 0.5-1.0% uazafSnuveaudsssmads
vanualTzuin 70-80% Tamiminuts vieBmnave s avamuaszuim 0.8-1.2% uazd inauosuds
sevedrolizuie 59-88% 1891i nveansanavuauaasliiiui was Sesdszasuifiumssuniye
udulug)

AR5 191 9.2 WU SNHULTDI WAS MoonIntannagnouiinIm (excess sludge) 11
SCOD 14 2-3% 9471 TCOD My nardun Tuanamde1nyinissat g (dewatering sludge)

el

¥ g o a oy oy ’ I a ’ o Yy & oy =
Llﬂﬂﬂ‘ﬁ!ﬂul‘l WAS Lﬂuﬁiii}‘u‘ﬂiﬂ‘ﬂu13J!ﬁQE1’IJu1ﬂGlH'EUu mﬂﬂ"l3UEJEJﬁa1ﬂﬂ1ﬂ‘ﬁ’3ﬂ1wllﬂﬂ1ﬂﬁlfmﬂinﬂ1i

=

=) % 1 =] ] I . =] Vo =
laTas laFavasiuaou uaaznoudmmso)aouzlanoynindled (pariculate COD) 1Tumilon

¥
i

azautd1 (5COD) 18 SnvtaiiAt TKN Uszum 3-4% woart TCOD Falimmndianudasmsyaswlums
gopaatenuyifoinie ualaufisane lunsdffuszuuthiauuy 13e1me (Grady et at, 1999) B
§adauus9 BODCOD Urzuia 045 F31un15Anu104 Deng et al. (2006) 1213181831891 BOD/COD
>0.45 hiFafatevaalen1ai1n1n1an; BOD/COD = 0.30-0.45 famstovaaioniasinim’ldaoudied;
BOD/COD = 0.20-0.30 Fanistooaatomanmns nazditoondt 0.20 idmiulidanuumezanly
A3 tobaIoMT BN AT s UDTNTRsL PevRIR IR T M ws alldd i g ai Tuns 19

U Welnla Was
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A15 147 9.2 AU MUAT V9IRS NOUT TUINIINTTUUAL NOULT I

= , ¥ a
Wid 1mma§ Excess Sludge Dewatering Sludge BNBY

: Lin et al. (1997); Browski et al. (2007);
1. pH . 6.920.1 6.3+0.4
’ Nges and Liu (2009)

11,720+1,423
2. TS (mg'L) 10,150£410 Lin et al. (1997); Nges and Liu (2009)
{9.03 % w/w}

3. TVS (mg/l) 7,643118 10,888+1,045 Lin etal. (1997) ; Nges and Liu (2009}
4. TCCD (rgrl) 11,905+238 92,000; Lin et al. (1997}, Ngés and Liu (2009}
5.3CCD {mgl) 251437 2,120 Lin et al. (1997}, Nges and Liu (2009)
6. TBCD (rag'L) ] 5,417+£245 310 Chen et al. (2007)
5. Alkélinity {ng/Las CaCO.) 512444 267 Lin et al. (1997}
"7 TKN (1_ng/']_) 409 74+4 Lin et al. (1998); Browski et al. {2007)
8. EPS (mg-EPS/g-SS) 10 : 21 " Houghton et al. (2000)
9. VS/TS 0.75 0.55 Lin et al. {1997); Nges and Liu (2009)
13 SCOCATCOD - 0.02 0.02 Lin et al. (1997); Nges and Liu (2009)
Lin et al. (1997); Lin et al. (1998); Browski
11 CCD:N 29.11 1,243
et al. {2007)
Chen et al. (2007); Lin et al. {1997); Nges
12. TBOIVTCOD 0.45 0.003

and Liu (2009)

9.13  NSHALAAIINIIFINNUDINZNOUTIUAUDINTEVLAZABUITI (WAS)
gadwluaszuaumsinimhiFonuuszUUAENOUITI (AS) AAMIIAIZNRUHI BT IUAD T
WE0n (floc) gadmluszuu AS munsabanziudlomsadiaindmesnouenwad (extracellular
. . . E s v A a ] o VY o
poiymeric substances; EPS) Yuy1lon EPS wmummu’oum'mws@ﬂﬂwaawmﬂqwaaﬂlamﬂﬂu EPS
Jumslsznaudadou biopolymer) TosfsznoumanldunInduanaislsd Tisdu fnfdausda ¢
. = o o o o P T | o oo - v o o
ataneda galinuoda @z lalla dhudu &1 £ps dumsnlszneufvaormomadanim ldonlidesilu
nsruaumisuuuldatnaio 13917997 (Urbain et al,, 1993; Wingender et al, 1999; Laspiduo et al. 2002;

° F ' =] ’ o 5 L=l v L)
Carrere et al., 2010) LLG’HGFJ"N\‘].if‘;ﬂWlfﬂ'IiEJBUﬁﬁ1U WAS U\W'llﬂ'UBﬂﬁﬂ1ﬂﬂﬂ?{ﬂi$ﬂﬂﬂul‘;ﬁlﬂ Uszaninn

=3 ]

¥y < e ' v 3 oA o oa
yparzuuanaznauesuFe: hiveyninivesmaislildensthudhanduinde gugll dadinves
e . . w et '
U9 acrobic/anoxic Wi0E1YARYFUDITEUY AS 1TUAY (Mottet et al, 2010; Carrére et al, 2010) Tunaty
AU WY szyuihteaznounuy Beensuulilsz dniamlumsidamsdunidlszua

a a = & w A 4 oA a -
25-60% LHagy 3$ﬁrﬁﬂ1waﬂanUBB1Qﬁaﬂﬂm@Q§$UU AS u]u‘uu'ﬁiﬂﬂﬂigﬁﬂﬁﬂWWLwnsuuuﬁ]

s & &
LasnannaaIssiua ﬂﬂxﬂaummﬁugwu {Cwirere et al., 2010)



¥

oo 2
3.2 SxUUULAIUBIAY (Pretreatment)
o g =t . .
9.2.1 sruvtinindiasdunmedanv {Biological pretreatment methods)
T S T ] < o o s A A o &
msthvadesduddimedmmilifagilseardmaiivdasnsmwlunszuiums
] 1 a 1 ’ = ar 0w 1 3/ =) =1 o a
lelsis lagedoul-Wignssriunstooamensdinimndn mydidadesdudinTsnyismiion
> b e 1 ) s . ~ 5] Il o
Tasia Tl eszvudevaaioniadinmuuumos IuAan (thermophilic) Ngmuqil 55°C 3o lanlafines
= ae = o 1 1 ' oy ey o ]
101 thyper-thermophilic) #gavnd 60-70°C @ulwgnszuaumsdesuuumes Tuddngmhu i
o o ¥ 3 as aa . & = ' do aya M £
szrmirianoumiiszuui TaWan (mesophilic) Maugurglluaiunes ludamdehawwe Tsauaz
o = X P 1 1 =t 4 e A
fizrans11s lalas lagaligaln 91015199 93 wudiszandesamonainwuuumoed luHand
ga.cisil 50 mwsamwudasimamsdalimuluszovidauuulioimaldlszinm 25% wazwud
ainsedicsIasaiveands 1d ualunsfemfidandsdounusineaneadameaasuaznis
= ) ] a a ' ~ A 3 4 < & ' =
Sipszi el InTamuedszundesaz noun 19 ¥ N ALY 1090 InM SN UYB I IANNS
3 = N . 1 A g s ' 1] P .
lalrslata {hydrolysis coefficient) YIANIINTTIWNVUYDITATIUNTUDOTAIIN T INNIDINLNOU (Oles
ot 21, 1357; Robert et al, 1999; Ge et al,, 2010) luthpiudnarsmsfnuifinernumivguugiinistey
e - 1a 1] ! = a a N o da rg
amasu Bomadu ssec wdda lumnsomialsz@niamdteglussavnianudualumsamquld
- ‘ o w -; o o aya A Y "
MNielsen et al, 2007) @rumsthiadesdunulanledives In@nawisaiusas1msdesaalonia
= E (=] ' - Y
Fimnynanzneutlisuin 15-50%  YufudnyuzvemznouIniluaznouninIzuuAnazNoUT LAY
) 2 9 = o v o
(pricary sludze) AENBUINTEUUARAZADUTUADI (secondary sludge) HIDHIFDIYLATINAU LADA19]TA
YR = a o« '3 e = o . 1 =t ¥ 1.
A dnms Augaungiuwy lanofmes Tuildnamusoiiinlszaniammsdos WAS madiniwlauail
“mlEnelugasvesndraulumaduszuugannmui (Gavala et al, 2003; Climent et al., 2007; Lu et

L., =IO

= a

92z milalaslaFafiguvniigandn 100°C (Therinal hydrolysis)

L")

'
=i 1

= =, q ¥ o A o ¥
ﬂ‘lﬁi"lEITﬂi!lﬂ‘IIﬁ‘ﬂﬂmﬂJ UFINN 100°C ‘E]ﬂi"i$Qﬂﬂ1‘h’ﬂ‘§ﬁll‘iﬂlW’t}iﬂuW1ﬂﬂ$ﬂﬂu (Haug

E] LYR ]

L a ¥y oa . o & 2 & o
2t a, (978 ﬂﬂﬂﬂlNLﬂﬂﬂ'ﬁU"ﬂU EPS llﬁzﬂ'ﬂ'ﬁﬁﬂﬁ')uﬂ’liﬁzﬁWUﬂJﬁ)ﬁﬂzﬂ@ul‘NﬂJﬂJ’lﬂﬂiu NITN1IANSNDU

AaTEY 14% mw%’i:xﬁﬂtlﬂ”ﬁ%u (Zabranska et al., 2006; Femandez-Polanco et al., 2008) miﬁﬂﬂ”l‘ﬁlﬁm‘ﬁﬂﬂ
fur ﬁlliTm"la”ﬁmﬁqmm_]ﬁquﬁummllum‘imﬁ.9_4 wrnnmanmdau g iimsdniadie sdudae
g5 40 L H1 160-180°C (unaan 30-60 w7 aansoiusas I Aamating Ifilszae 14-62% Juriy
Uiz inuasaznay mi"l.aim"la%ﬁqmﬂgﬁqaﬁﬂﬁ’é’mwms"la‘lm“la%“lﬁsmud@ﬂﬁmﬂma%am‘w

= - g _j ¥ o . . £y
AR AL WYL satnmny (HRT) Y9352 UURARInI0
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- o w & 1 =) q Y o LI i
£1319N 9.3 33UHU1U?\LU@\1WHWW’H?HWW1H ﬂ‘]Jﬁz‘UU'UT]JﬂH‘]J'lth'81ﬂ1ﬁ

Treatment Anaerobic digestion
Substrate Results References
Conditions conditions
Activated Microaergbic Batch, HRT 10 Increase of biogas production from 200 to Haseawa et al.
sludge 60-70°C, | day days, 37°C 300 mL/g,,, (+50%) (2000}
Activated Microaerobic CSTR,HRT 21 & Increase of COD removal (+30%) Dumas et al.
sludge 65°C, 1 day 42 days No methane production increase (2010
Activated 70°C, 7 days Baich, 37°C [ncrease of CH, production from 8.3 to 10.45 l Gavala et al.
sludge mmol/ g, (+26%) (2003)
Activated 70°C, 7 days -Batch, SS“C CH, production of 10.9 mmol/ g, (no
s:lu_dgel influence)
Primary sludge 70°C, 4 days Batch, 37°C Increase of CH, production from 21.2 to 24.7
mmol/ g, (+16%)
Primary sludge 70°C, 7 days Ratch, 55°C Increase of CH, production from 13.7 to 25.5
mmol/ g, {(+86%)

activated 70°C, 2 days CSTR, HRT 13 days | Increase of CH, production from 40 to 55 Skidas et al.
sludge (15 days without mL/L-d (+28%) (2005)

pretreatment 55°C)
Frimary sludge 70°C, 2 days CSTR, HRT 13 days | Increase of CH, production from 146 to 162

{15 days without ml/L-d (+11%)

pretreatment 55°C)
Activated 70°C, 9h Batch, 55°C Increase of biogas production +58% Climent et al.
s.udge (2007)

Mixed sludge 70°C, 9, 24, 48h | CSTR, HRT 10 Increase of CH, production from 0.15 10 0.18 | Ferres et al.
days, 35 °C ml/ g, (320%) (2008); Ferres et
Increase of energy production {+60-100%) _al (2009)
P-imary sludge 70°C, 2 days CSTR, HRT 13 days | Increase of CH, production from 13.6 020.1 | Gavalaetal,
(15 days without ml./1L-d (+48%) (2008)

pretreatment 55°C)

Primary sludge

50-65°C, 2 days

CSTR, HRT 13-14
days, 35°C

Increase of CH, production (+25%) compared

10 35 °C pretreatment

Geetal. (2010)
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e o Xy o d -
M99 9.4 srunihtadiesdudsoms lelas ladahiguugiigendt 100°C

i Anaerobic
Treatment
Substrate l‘ digestion Results References
Conditions -
| conditions
Ac:ivated 175°C, 30 min " CSTR, HRT: Increase of CH, production from 115 to 186 Haug et al. (1978)
sluige 15 days, 35 °C mL/gagg;, (162%)
Primary sludge 17-’5°C, 30 min CSTR, HRT: CH, produstion of 252 mL/g_.. (no
h 15 days, 35°C influence)
Mixéd sludge 175°C, 30 min CSTR, HRT: Increase of CH, production from 205 to 234
15 days, 35°C mL/g oo, (114%)
Digested mixed | 170°C, 60s, © Batch Increase biogas production (+49%) Kim et al, (2003)
sludze 0.8 MPa 20 days _
Activated 170°C, 60 min CSTR 35°C Increase of CH, production from 88 to 142 Valo et al. (2004)
sludze 24 days " mL/g o, (H61%)
Activated 160°C, 3¢ min WWTP 62,000 Increase of TS removal from 25% to 45% Zabranska et al.
sludge PE two stage (20006)
(extended digestion
aeration) 53-55°C
Activated 170°C, 30 mian, Continuous Increase biogas production {+40-50%) Fernandez-Polanco
sledge 7 bar HRT: 12 days et al. (2008)
Activated Microwave Batch, 18 days Tncrease CH, production (+31%) Eskicioglu et al.
sledge 175°C 33°C (2009)
Promary sluda= Microwave Baich, I8 days Increase of degradation rates Zheng et. al.
35-90°C 33°C No impact on ultimate methane production (2009)

o)
i
Led

o a p .
ATUIUAN1NaR1AaAT (Mechanical treatment)

L Y]

= a_ & Y 1 V¥ aa da 1y o a
AIAAEIAITUIUANIZUIUNT UIUALUDIAUAILIDINNNAATAIHDYATIUAUN AU ITAY

< & e P w 1
gl lumawi 9.5 Faliswaziuadane 1
o = , o kY o o 3 A
® daast lwian(Ulrasonic) ®w13oMIatelasamiwvouraauasasndlondu
&y 7 a & 4 . e Q¥ - o q gt
AWAAI8 2 nalnRshaaua1uDA (20-40 kKHz) i ldme InseluiionznauhIdlianungugs vuia

A

YpmzAoUE na: nazfinauanuigari infamsuandauilu OHe, HO,, He (Carrére et al., 2010; Kim et
o = o o o .5’ Y A a o P =3 1 al =
al, 2010) €aanlxtiatlunsiniadsdunidszansnmgadadimsanyiaoudiauiniaziing
l5zgnd 19 usz u1h1ia93 e (Zhang et al, 2007) uastnslsinwdani Tsiindluiiidoemsndanulu
o a X o
mzihlagaiia 1,000-16,000 kg, Yuiunnududuvos TS luaznou
o . . g a ¥ ad & 1 o w .
®  1RHId (Lysis-centrifuge) 1umsisbhesannaznouitvilaneuihtaaeszuy
PHFMTH NARRUYTAL T 0508 1M TRA esTIn 1w 1A 15-26% (Carrére et al., 2010)
) s N e C 1 ) B °* G
® usuiew (Liguid shear) iHlumsdauazsioaznoudious swugai i Tassadaves

. 2 - o ¥ .
l%’afuﬂzﬂaﬂﬂgﬂ‘ﬂWﬁ'lFJﬁilJ'JULLE%%'E‘JU‘U@QHW’I&’T’I@H (Carrére et al., 2010)
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a17141 9.5 szuiniadlosdudiemsmsihnyamanamans

Activated sludgs

41 kHz, 150 min

" HRT 8 days, 37°C

33.4% (+36%)

| Anaerobic
Treatment
Substrat: digestion Results References
Conditions
conditions
Mix=d sludge | Ultrasonic Continuous, HRT | Increase of VS removal 45.8% to Tiehm et al. (1997}
31 kHz, 3.6 kW, 22 days, 37°C 50.3% (+9%)
645
Ultrasonic Semi-continuous, Increase of VS removal 21.5% to Tiehm et al. (2001)

Activated sludgs
(17.52TS/L)

Ultrasonic

20 kHz,

108,000 kI/kg,

 Batch 50 days

L3rc

Increase biogas production (+84%)

Salsabil et al.

(2009)

Mixzd sludge

Lysing-centrituse

Batch 25 days

Increase of biogas production from

L Activated sludgz Ultrasonic ~ Batch 16 days Tncrease biogas production (+40%) Bougier et al.
(27 gTS/LY 20 kHz, ‘ 35-37°C (20053)
7.000-15,000
klrkgq
Activated sludge | Lysing-centrifuse Ratch 25 days Increase of biogas prbduction from Dohanyos et al.
35°C 91 to 168 mL/geqp;, (+85%) (1997}

35°C 170 10210 mL/geqy;, (+24%)
Mixzd sludge High pressure CSTR, HRT 20 Increase of biogas production from Barjenbruch et al.
Hamogeniser days, 36°C 35010413 mL/gyg,, (+18%) (2003)
AP 30 bar

Activated sludgz

High pressure

CSTR, HRT 20

Increase VS removal of 30%

Nabh et al. (2000)

7 days, 37 °C

Plate collision days, 36°C

AP 600 bar
Activated slu&ge db: 0.25 mm Batch 21 days Increase of biogas production of Baicr et ab. (1997)
(SR 7 davs) u,: 10 mis 37°C 10%

9 min, 60°C
Activated sludgs db : 0.35 mm Continucus Increase of V5 removal from 42% Kopp et al. (1997)
{SRF 3 davs) b, 6m's suspended 10 47% (+12%)

Es: 2,000 k¥/kgg biomass

o ¥ o ) 4 o w
®  n7156AA013A UG (High pressure) 11un15danz naud 615 1gatl 721 30-900
k4 c? r o & as a = as
113 AsZAIUMIUIsoaan HRT voeszvuthdauny 15eneen 14 i 6 3uld eanseiudas
a W N e ¥ .
s e 1die 30% uazasmBumsvomznon ldUsyunm 23% (Carere et al:, 2010)

974 FATLIUAT N!.ﬂﬁ (Chemical treatment)



12
= 0 o % g 2/ i el s!:iq Y- | v 9 L7
asAauns A zuIumshimiosdudedtmaniiiden lulegiiudegieiu 2
HBacnsdmseilumsoond laduazmsplndanmaedassazdea lumsi1an 9.6
=t L) o . . ad o = A Vo =
o  muaiiluniseend lad (Oxidation) misAlMEIUBBNTUAUTT 145 UAIIURELNIN

-]

TugiiuiaTolau 0)) TolwwhIdnnumunselumstesaaioniamininees WAS dnniunie
szian BuuIaEnas uaza1 sCOD Tu Was uiudae Taoa ldiwu TeTsufimmsaulumsdon
61 WAS UaANlszum 0.1-0.2 g0 /g, (Weemaes et al., 2000; Yeom et al., 2002; Bougrier et al., 2007;
Carére ct al, 2010) daunsvenduandenviianisiidouialalasiounlofeonlad (1,0, Tl
UsrAniamdelindenunszdy uugivszuim 90°0) Aguunai 37°C szAnianuosTo Inueg
SRR F"%‘Ii {(Rivero et al., 2006}

o mmaiASa AN (Alkali treatment) Tugmmeamansahats Tassadavasnga
s2n91 (floc structures) 191 Tﬂu‘luﬁﬂnzﬁﬁmﬁmﬂm?a"lamﬂﬂ"lmﬁ%‘aaugaﬁflﬁ RNA T8 U nas Tuaiu
snlzlesleFaniofiBundufanis voveranamianil 199 Snvisayyalansenda (hydroxyl radical; OH
o o usash T EPS TuaznauiAamsuinduazdesaaeilumisfiazats (subsequent solubility) 149
%1 ‘Niclser: and Jahn, 1999; Neyens et al., 2004; Yiying et al., 2009) 39w #aumuisalumsdesaas
wm%smwsmnaudamﬁmﬁuqa%uua:é“ﬂs1mixﬁﬂf"fwﬁmmﬁnqa%u%ﬂﬁ’w TuunAWVLL Lin et
al. {197} Ugi Yungin et al. (2009) szyhnsthadisadudremsidumafiuszoufinugumsianuaz

w
a9 =1 @ a

a = ' A FY) 1 1
UszEnTanldde awrsodiudar scob lane 46% Ngungives dnvvhldszuudesazneunu’ly

al

&

= = a o a_ a1 L A2 = o A 2
apa 3l T EAMEMmMTAHANT VS KLU 25-35% uasiiamadan TWIRLUY 29-112%
] o o o & .
325 ManfFeudeuszuuahiaileadu (Comparison of pretreatment methods)

A e w A w g um o @ ¥ . A A 2 1 o
ﬂ15La@ﬂi$1_|1.!'1.lWHWLBBGQN‘:['HM?I'J"IML'HM1$ff1J‘il1Lﬂuﬁﬂﬂﬂ1u@ﬂﬂﬂ\'iﬂﬂ5$ﬂf]l|¢ﬂﬂ"'] ki

b,

(i Uszinnuansnouiinsyiimsinga
Gy dszaniarmusszinninia gy munsamudasimsteraas v omudaduvas
A1 Toamgooamomiadinwla (Bcon)
Giy Alamelumsyn sy w13 lumsinds mldswluteemani uaze1ld
Tumsrtiniemsems Hudu
(iv) wawaseldainmstha wu MaFnm Dudu
adns it duingezjudu o Ams it oufenyseint o lunsd i s sumiiad nsdunay
TS wphadiasd dsazSoavosdaosisnsdny e mmse 14
- Bourgier et al. (2006) ¥msdAnu1 laemsidSevfionszuy saasTxiin milalasla
Safguvgigandt 100°c wazTelwu ifovin was destunewdidszuuihiauuy $eendion

=

i mesophilic batch) WUTTs 3 UUNANgARoMs 181as Tadafqunglgs Tavaunsaannnunila (viscosity)
3 T . R . o 1 T a s
VB ABNIELHANUA IO UM INTBY (filterability) voamznauldinedtiy daudszaninmlunis
a oA o w r_i‘l‘ Vv - s ' 3 o
SAsmeriamlunsthdadesdusiololou 0.10:0.16- g0Jg)  Aoud1ei1lsruIn 246-272

. A = = ar oo L] k] a cg o = = } @
mLCH eCOD, otTownsuduns e ludssvuihidadesdulidasinisifaimuimisy 221
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’ T 0w & w o 2
mLCH,/¢COD,, dvszuuihtaiesausaedans1lnin (6,250 uaz 9,350 kikg,) uazmslalas ladah

guugilgeanan 100°C  (170°C w50 190°C) wudasimsiailimuiarlndfesdudlszuia 325334

mLCH,eCOD, daas1lglinkina lnmsiwnlsz@ninimmadesralonisdanimlagnisilieynia

= 1

aznoulvinadEnaua 'ldiy scop awmslalas ladaneuuniaendt 100°c Elunsiud SCOD

9 QU L]

ua L. 1708ATU A0 YN IAAZNOUAY 19

o N o a
ﬂ’lﬁ‘lﬂ_‘ﬂ\ 9.6 I UULIUALLDIAUAIUNITLIUANTUAL

33°C

to 220 mL/g pp;, (H100%)

Anaerobic
Treatment
Sutst-ate digestion Results References
Conditions
conditions
Mixed s.elge 0.1 80,/800p Batch 30 days Increase of biogas production from 110 | Weemaes et al.

(2000}

Activated sludge

2.15 g0,/

Batch 18 days

Increase of biogas production from 150

Bougrier et al.

Methanogenic :

HRT 12 days,

41°C

35°C t0 367 mL/g gy, (+145%) (2007}
Digested mixed 2 gH,0,/8,4 CSTR Increase VSS removal from 52.2% to Song et al. (1992)
sludge 90°7, 24 h HRT 15 days 70.6% (+43%)
(SRT 1% days) 37°C
Pulp & pader 8gNaOH/100g s . CSTR 42 days Increase of CH, production up to 185% | Yungin et al.
sludge ‘ 37°C of the control (2009)
Activated sludge | 30 meg/L NaOH CSTR 35°C Increase VS removal of 45% Lin et al. {1997)
HRT 20, 13, 10 Increase COD removal of 47%
and 7.5 days Increase of biogas production of 164%
Activated sludge | =0 meg/L NaOH Batch 24 h Increased SCOD from 18% to 45% Lin et al. {1997)
(acrylonitr le 25+3°C (+27%)
butadiene
styrene shdge)}
Activated sludge | 200 meqHCVL Batch 25 days Increase of COD conversion to CH, Stuckey and Carty
(43 g/1) 1755C, 60 min 35°C tfrom 48% to 75% (+56%) (1978)
. Activatec <ludge | 300 meqNaOH/L Batch 25 days Increase of COD conversion to CH,
(43 g/L) 175°C, 60 min 35°C from 48% to 78% (+62%0)
Activated sludge | 7 ghvaOH/L Two stage Increase ofC!-f4 production from 290 to | Park et al. (2005)
121°C, 30 min Acidogenic; 520 Likg,,, (+79%)
HRT 6 days

(200,000 ki/kgg) MINIR

. o = 5 - g w Ag ¥ s F s
Salsabil ot al. (2010) Ynisane S oumeusuuitmusadunuy dans1laiia

]
T |

NYUK

Q v

g9 (910 40°C 19 120°C) 1Ak 18 1101 g0,/gy) WUNTLUUSAATT
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Tafiaguisaans1 TSS anad 30% saunsthsafigungias 90°C f 120°0) wag ToTaumusoand
TSS ANAY 20% uﬂ'mha"liﬁﬂmﬁmﬁaamiiuwwumszuué"aﬁ%’ﬂcﬁﬁﬂGI,uﬂﬁﬁnmﬁﬁthqni1ﬂ1‘aﬁﬂm
Sua01a37 |

- Kim et al. 2003) nsAnpuieufeszysthtadesduuy sansluin 42
KEz, 120 ein) M3 laTas laGafigaungige (121 °0) madueaiad (NaOH Tg/L) uagszutimes Tumiinea
(NaOH 7g/1, 121 °C) iipiinia WAS Aowgszuu1¥oanduuung (batch anacrobic digestion) W71
srpuiiivssinimunsifamsdinmgegaienislalas ladafigungige G390 LCH/m'WAS)
somanfie syuumes lunilnea (3,367 LCH,/m'WAS) 8ans11alia (3,007 LCH/m' WAS) uagnsmiy
a3 S (2,627 LCH /m’WAS) mua o Taslugamiuguiidnsimsifiamainm 2,507 LCH,/m'WAS

- Berjenbrunch and Kopplow (2003) ﬁ"lflﬁﬁﬂ‘kﬂl‘lﬁleﬁﬂvi$uuﬂ1ﬂ'ﬂl‘§ﬂdﬁuﬁ’m N3
a1a3a% Tiqungiigs (80-120°C) M136AuTIFUYI (High pressure homogenizer; 600 bar) Lazn13111a
Ayeu'lae {carbohydrase) neutihfadeszunlsondiau HRT 10 4 nundasimaiaf a3 1nues
szanlalarlaBafiqungd 00°C waz 120°C (>20%) seeasfomssaussiugauazszunlalas lafaf
ganad 80°C (>16-17%) uazmsihindioen 1o (>13%) iy

® ﬂrgmﬁ'mwﬁum {Energy aspects)

= 8

Tuaammsaidunadonlegiu wdrmuiulssduddyiideshddafiududy
winlumagaauarsy aszwauashfavsadofiudundnuilflunsihdadesianududuie
wWhrufeusmdanuiidluranasy 1dnnmsthis msad 9.6 MMIUszHUNTINUGNT (net energy)
g ihiidunanassldoinMadanmninms guidoiesnngunsa Wi wu Ju vomes
i uszndrnuildionunugungd wudiszuuses Was nun3eondinufigungines (mesophilic)
wu laifszuininiadiosdu T8 M nugnBmsy 136 kWivkg,, fed 39 lndiRvanioganiins i

. e & ¥
seLuh i lasdun g

Jretrzatmens Treatment VS EE consumption | Thenmal consumed Max biogas Nct energy
methods conditions | destruction | (kWhikg,, fed) (kWhikg,; fed) (kWhikg,; fed) | (kWhikg, fed)
Non-mesophilic - 40% 0.04 0.5 1.9 1.36
Noo-thermophillic - 50% 0.03 1.0 24 1.37
Bio.cgcal 70°C
50% 0.02 1.0 24 1.37
{thermal) 9-48 h
Themmel 170 °C
60% 0.04 2.0 29 0.86
hyd-clysis ] 15-30 min
Son.cation 100W, 16s . :
. 50% 0.37 0.5 2.4 1.53-
30 kW/m . ' ’
- Bali mi.ling - . 50% 1.04 1 05 24 -0.86
| Higt. pressure 200 bar 50% 033 Lo ' 2.6 )

ni: deualasen Carrere et al. (2010)
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b "N

Lo é’l = r ar = o @ 3 = =4 -] o
AAUH: 2 Ewmmﬂu.mewaaqmﬂammuqmuﬁa iZ'U'UjJ'IUﬂL‘UENﬁuﬁ}’JEJ'JﬁWNT'Jﬂ'IW AMTUIUANI

EA

S . o 3 = o o oA ar 2 & = r '
namsas . marley a1rlsusaiousazdans Tyiin Dudsou i dmaneuunugns luuanatsain
v my B = = Y iy e a_ w g ¥ o ¥ oa " e o &
3oty 3o ragavgives (mesophilic) Tas liflszuutiniadesdy dnisdmunszuutininmdes
AanoulalaslaZafiguugligingt 100°C nasTu (ball milling) A masnugniaininissoouuy'ls
_ = A E ot o w A ¥ =
amiiauniiviac g ullszvuhiadowmuns 40%
o Jgyv1n5Uasuas01413 (Release of Nutrient)
- o a
was Tesddsznoudlululanoulszinm 11% vazsdoadofadszuim 5% lu
R 1 . ' A P at o L o
=ssunAain mzdos WAS msomszgmlasveenunludlowiidevh Ivasaliszuinhiiamsyaiiu
mspdesasinnmniitaasnay lunisdnuifdiunnsasinisldooasnanvesszuiuahiagian
safe 1. (Cemers ctal, 2010)
- Two stage thermophilic (60°C) — mesophilic: YUz AnTMuiunismandl vs 30-40%
wuTlaesveadasaoanin 10-20% vsavpareTaluaznouninum
- High pressure homogenizer: nasnsfanuanududuvesiulasnuuay
o g ¥ ' = -g ' ' o o
vomada v laamuuiiniu 10 muas 3 M miay
. . P 3 o ' r v
- Sorication: 71 500 kWh/m® wu 1 %2 Tus wudase lulasnuuazeadesassnin
AU 709 LAz 60% MINEIAY
- Microwave advance oxidation (MW/IL,0,/0,): wuhlaesluTasmuuazvoadess
B9IUNIAY 20% LD 37% AWM IAL
¢3 AT :ﬂeuﬁquzﬁumnﬁxnm:nams’a_ (Waste acuvated sludge treatment system; WASTS)
9.3.1  AINTRAWITMARTUAZNUAIN (Chemical and physical treatment)
0w ) a Yy as a o A o qw w a
nshiaaznouawuswIsMani iHunszuumsi ez nounsda Iaonmsiau
o M amc o & a an oWy o ' a Y] a S s
msalicil§Azeunliuainznou FIDUA0ITA0AU 1FU M13ONE laFR10815000T laFuai0ud
“OIxidizing 2 sent) YU A THUAZ MIs RIS IHvenduiUaznou msdTurnwanuilunia-A1aues
zraw tou Juv e Fuduitmsiih ldeznewRamsnaiines Tininde dmsninfmeznaudiwiu
F035r - cmanty e IFEITmInmun i lunmsi ldaznounanisned 1 15U gungll 019 14 lag
= d‘ ¥ s =) - =y = ] = = ot
rsasguu ) iva1aznouauiiaileaiuns oaadans suvosgiunidlunsdosamvmsdunislunnou
-é = e ] = =3 r o L 1:{ g 3 9 =] o En
e1 73 T Emsrzeomaundeniomsvovaawesounioluanzhiluldenald vionisvilda
= c  a éd:{d & da o 3 o o v = o
gngi uristhdagarundudnmomeanieitioniin 14 lumsihidassneudnunulutlegiiu Tae
1" T 3 L 8 1 = 3} o) = Cr Y ¢ o o o ar
daulnguainshiaaznaudunudinIsmasitazmen i ludsgiuisiun Tailuszouahiia
¥ . ' ] o ar [} = ey i =
FZREUFI 98U (Pre-reatment) AoW1gnszUIUMshiaazneudRudeTEMsdesaatonadaniun

| =

L. @ 5 = o o ’ = 2 3 as ' . i
Fav- iilszEnFar lumathlanenoudiudunugaiuaiulildae durunsiny1ues Nges ‘and Liu

o ¥

12000} Fa lgdumimadasudugamgilusianes TuHAN (thermophitic, 50°C) wlarlun1sinunis

i = & oy o -y w ' = & 4 "
LAYT AT NEUGUNUBUAY (Primary sludge) 3AUAZREUA TMANTUNADI (Secondary, sludge) AT



16
- : a A . ¥ v . & o w ] ' Y
Aencaudraiuin T und (Thickened Sludge) Feenunsomdavendeszmediolalszum 40-
¥ o =1 = g £$- =3 a ar U - U ar 4

550, wa g wantsanu ludnnavauiseh el tihyassnoudnufuswAuus udedug (co-

N * = < Y [ o 3 @ oo v = = o
gizzssion) 1T B A OVIAYUYY TwanisteAnna 1) Deansoavh IndszEniawlumsesaaiemsounsd
A A & A4 ¥ o4 d A w o @ o
G-ty gaved ilesninansaaannududuvesmslsynouniduizas Yiuaugamseims uazvirld
s2es @ IUNITEL AR 1AR A IATIN IS HANTE NI NAZAPUT IAUNDES co-digestion 1A HBNIINTIGT
c Fy e o ol 1 Yy A =t o A 2 E
Fldafie-amsduienmuisaoooanis laa07T 019510 MRz N 19BN THIRYFITY (Benabdallah EX

Fzaci et al., 2009; Gemez et al., 2006)

93.2 M3iaA87T119%0 ™M (Biological treatment)
9321 mahifanznoudnunuaseIsnisdesaaien1 s inmuun1de1nis (Aerobic
digestion)
D dnuuzusInTzUIUMITaTTBmI DU duuL 1Fe1me
aruassmsoangaulunssuiumsdesaarsnuuldormaaiuisoutuiy 2
AT U5 AAN SR £ 1uden seenFinuvesduni6h Iddovaaud e taranudeaniseendion
HlunswiounenTudiolhiu lunsand e §Azeor lua3lindu (Nitrification) Aauaasluaunisduais

(Mercalf end Eddy, 2004)

MsoLAAIIAITBUNSE

C,H,NO,+50,—>4C0,+H,0+NH,HCO,
msralfaser luasfnsunyaeoman TwiisuTasiou

NH;+20,—NO,+2H"+H,0
& - = < o e ar o
HiainFal §aTe luas Winduauysel
C H,NO,+70,—5C0,+3H,0+HNO,
dindin 3@ luasdindu Tand Tumse lulasmuiludsuditonsou
C,H,NO,+4NO,+H,0—>NH] +5HCO,+2NO,

-~ = aas aa ar b= o o o
dismsFalgisenluasiinduunzd TuasHinduauysol

2C,H,NO,+11.50,—10C0,+7H,0+2N,

o ' o [} A a o on = = o4 4 s

nraunanaInwuInlanadfasnduaikeslia pH  anasdanionavTuilugniiia
‘Jé" Jl‘]J“TJ Ll ; I o 1111[-:: 1 3 ué’acl o t
g lilulwase Teolidan Lo luisswerenisaumunisaaaaves pH aauu luszuunisteou
& Y R N | T o A . 1 @ A . ] v ; =Y
Fmmafarsgiizvunwmaaliieniug pH Wogluszaunmaunzanul¥a p andiauiuly win
3 = ) & ¥ = o - e = = a = ] o
M nz@us i unie [dizezna lumsinusnenu ewszmalfns e luasiinduuazinml §ised
Ul‘ Hc:.:?i = 5 1 . a ely . - v ) A & =]
LeFamAuiuneluszuy ildanummsalumsdumuiieyvesszuuanasos Fziluaung.
ay Ao v g . B - I 1 9 .- . E
g atud wzndule (filamentous organisms) 1iaunduluszuy aawaldaznaussouazuonaonain

. ’ 3,‘ = a = a - s
seun 1AL A IR0 (1ATHIARA PAUAU 39U, 2547; Metcalf and Eddy, 2004)
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ar

2) szuudnieazpoudpua0IE M tosaaemIFIn LUy lgen s

sUUtIURR Y noREIRUAI0I B M ITHasaa NN LU 1F0 10 # (Aerobic

o J ¥

o = 0w o o ar { ' y g ' w
digestion} ‘LﬂuswwlmmzmmUmimm\nzﬂaumsaum Uﬁﬁﬂumﬂ’J‘IJJl‘IJSJ’llu]lMM'IﬂUﬂiJuﬁdﬂ’niJ

a o 1

) ] - T @
Wutuge A esnrdluszuuAmuisonuguldherasilss@ninmasudiansd uannnids
' ya 4 g e o w_ ¥ 1 o o A =t > L w
Ao lmAanaumdunteszuuinvadumatvuluvaziimsiniadoSouiisoauszuuinianznou
dupudeTEmsdeoratoniadinmuuy 1d1¥e1n e (Anaerobic digestion) Tnofidaad19v095s 1M1
¥
Asne Tl
@ o a o
2.1 5xUUn3008uUUFIINA1 (Conventional aerobic  digestion) wuszuyhiiau
aelaanzuvyldesndioulumsdesaaoazneuiguyiusseime viogguuglivazszuznali
1 ¥ » 1 1 L] b
Tdhiniseenuny Fezuulissivsruviiimsflounznounvuseiiowa: ludeillos uavisae ey
o = man = < L. , 2 o o .
MIAaUaaT o1 luasilndu (nirification) uazifuwavilauaiwisolunssesiunsa (alkalinity)
molunnlfisngnihewatdamaliiosanasaiu 1Ud e (Grady etal. 1999)
2.2) szuudagoouun¥eondionuigns (High-Purity oxygen aerobic digestion) 6108
9 o =u £ d s o A o n:‘ = < : & = o o @
amenvvlFoonduuigniiluszuuiiianoduesndiauuigniununis Iseimanalyl doulaiuds
wuvlle manzduanwamamung aniuia hiseswoms ldouludlszmalne insizde uios 1491
a £ 4 I & e v o @ = o t
gannlunsldaniausqnt szvuiiorniludailald vinlddailludasveandiounolude ud
A & g o a 1 5 ¥ £ AW <
diosnadiuszuuilFeendiouliunann dawarildnnudumumsanasves pi iA1touas 34
fuiludaatiszuuniugs. pd nwludaliisoniinaai (Metcalf and Eddy, 2004; 1n369dna gaudaulsol
2547)

o s aa L o . 4 o w
2.3) TsUUR A LU LINDS TUWAN {Thermophilic aerobic digestion) FTUVHMMITOMNIA

o a

P S = 2 e oo et
ﬁqiﬂumiﬂ‘ﬂﬂaﬂﬁallﬂllﬂﬂﬂiﬂﬂ?z 70 7]53U31']ﬁ11ﬂﬂﬂﬂﬂ531]1m 3-47U lﬂUﬂZﬂjﬂﬂnﬁzﬂﬂiﬁnquﬂﬂ

L1l

agTuga4 45 - s0°c aTHszuuiilse@niammsdesiansinnuduiuvesas neudszmainanii 3%
woaudly (ndodnn aaudulsnd 2547; Grady ct al. 1999; Metcalf and Eddy, 2004)
aqé = A e .§ [ a F 4 oy v a0
i@ uadiAniuluszvudisosiuumas TudanszuanmwInnnszuudwasuy
a a = e = e o v o = ' 5 =]
F35UAT s MsIAUs s nuRgungiigs IR o1 luas linduss gndvdauazezfamsdesaaisvends
, ) 2 o g 0y = A A  w
semeeluanzldermauu K ldnnudeinsesndsuvesszvvanaulonSounvutussuunay
1 ; = . 3 i 1 v T d’ s v:r:l o s ?\‘Jﬂ
555U uaRrlussutaziatr sutaiumanglugae 7.5-8.0 vl o luasHinsugndugasa
s W - = - 1 [} ’ ° ) ) &b [} 2
i ldneuTuhe TuTaswugnilaseeenumiszninamstesamoi Idasmanudluaaneluszumn
E < 3 R e o S &
qelu Anlun sivgtvesiiemivssduiuisuanududuvesweuTudloTulasiou Woilorgaiiu
1 ¥ E) e 2 X Y : Y . &
dawalianududuve wou Tuds TuTasiwumugsiumu1uaie dawaldanummnsolumsdnielia
4 =2 dy w F o o)y g =
UDITTVVIAVT LAY uananilsz vudeseonvumes luddniuseazi@uszuunislaan1az microacrobic
. . & o = Y a =] v ) a a 1))
condition FuT uanmz A NUdoInTRENHIRUVRssULTnnIBnsendeuaun T luszuy
2.4) szvutworadaduuyas TeWan (Crvophilic Aerobic Pigestion) 1T uszuuinIugy

ICS. A ‘ =] = L - dy ﬂJ‘
guugiilurig 212 53 36°C udvzf igaogiszunar 12-18°C Fa3ondnod1491 Psychrophilic sxuuiildn

1]



18

! w 4 = a = a -
Usypamuan Wldduludsume oo do 19 lawad lumaidussvuhiguwgll 5-20°C 3eA0uAIHAYMY

seva.gun gl (°C) Aueigadad (31) Yszuinl 250-300°C- 31 (Grady et al. 1999; Metcalf and Eddy,

2004)

. = o ' = 1 = ] =4
Fﬂf_'Nﬁ 9.7 ﬁm’;zmimuiz‘lmLm:anymwmmﬂ'aumumuﬁ“l%’ﬁlumsﬁﬂmmiﬂaﬂﬁmﬂmwamw

wunldeinie {Aerobic digestion)

Zupancic etal. | Ugwuanyietal. | Bernard et al. Khalili et al.
Parameter Unit
(2008b) (2005b) (2000) (2000)
Operating condition
Temp °C 30 55 18 35
SRT Day - - - 23
OLR kg VS/ m’-d 1.06 - 0.52 ]
Influent
3COD o/l - 8 - -
38 oL 20 - 1.5-11 6-20
Effluent
SCOD g/L - 65% - -
COD % 554 - - -
TSS % - 51.2 - 49
V8&S % 335 . 66-93 66

9.3.22 mshdaaznouaiunudeiimssosaaionamin wunu1u19e10d (Anaerobic

digestion)

1 L= [-v—§ T = 1 :‘J
mIsthiaaz naugIANA03Tn1soe0eaon1eFIn wuyy luldo1niauu (T

Tmrlivateiuazaaulavewznouduiuainouiivzdelumdaludurasugadiomu@eatuns

itianzneua ATt n1sdevamomsdinmuuylFoime ansoedng gaudulsed, 2547) madey

o = ' 4 g = = =1 = =1
aawasdunisdluannzunu hildormail dumsfouzdossuntdldidufednm Biogas) A

< 4 H al ’ i 3 @ =
mivaulaoon laduazii Tnefivuneunisdovaaonun lilderma 4 duneudszyli 9.2
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¥
#souns O ldazanoi
URTEIOUNI INFUTEU

Jifselalasleda | deamsouladfiogniuamynd
o 4 &
(@nTenargons o lad)

- = g'a = 1
MITOUNTYDUNIUTTN VY

a = = ¥ ~ el ey 9
@% 2 TannL i foatiuvaiSerienga
i |
h 4 ¥
Sy -
ATANDINN v 4 lalasiouuia o
— nzatuiiueue malaTasioy
HarnzABIF T
- - P R
T M s +afveulaoen lyq
wuadEard- i i wunRGeadatinu
Tsu HnicesaAn nagmiveulaoon lod Tanl4la Tz
= Z aan A = [ ]
JU# 0.2 CunanvpnlfismFundvesmsdeoaateuuyliaima

sHuLUTELYL e Ar noud nuAuA e s MstesaaenTan g I 190 ms

TutlagdudiogareinmogunudanvazBoadiuaiy uazmanomhondeddoFoud

4

niaLaldenmedaaisg Tiasiedi 9.8 undosdng gaudnlsed, 2547)
a o E > o 8 ’ N N ‘o @ ar = = Y A
1) awmangdagnainume (Low rate anaerobic digester) Hudwminlusenviimihiaos
AsnnuA ud Ul uas v R ueziemb I aznoudvezgnaundidimdniluszoz adi

e ! a H u Y Y o ¥ o o = '
Lol 1T IUaEaAa T'g'ﬂ‘}‘:ﬁWU"] AUADATI lﬂllﬂu ﬂﬂﬂ'ﬂﬂlﬂn]aﬂﬁ“Jﬂﬂ%ﬁulllﬁﬂ.lﬁﬂf]u@‘IZﬂE]Uﬂ]Uclu

v s n e 1 a & w 5 : ' o . ) i 9 @t
fandn v B sulsraee wwindunoluds aznoufivesndiszannz neupgiuny aznsuiididwey

' :f . = ’p’ et 3 = - ¥ 1 :‘f
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