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miﬁﬂmﬂizﬂaué"samimaawixam%mwLﬁa«%’uﬁ’;EJﬁqmmaaaLmUﬂzLLazsqﬂmaaaizéfu
fuuuuszuugesiuulienmahutussuutidadesuiedauazinfmaudeu Tasnzneudiuiu
Suduilsnsrdruvesilefdedlofussuna 0.21 (TROD,/TCOD) wazndinistndadesdudae
Ca(OH), WuinA TBOD,,/TCOD fantfiniduiilariioniiiy uwiifinnsdudsnisdosaaienisdanm
dlaen pH 12 Funanenududueadeuiigaansaianissudhonssunasinanssnusomnily
AFuveagaun3s Tnsarwanunsalunissudaasiuiuanududuresuaadeulunzneu ieiduns
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Abstract

Experiments were carried out via batch reactor that proposed to preliminary and
experimental studies on pilot scale of anaerobic digestion with combined alkaline and
recirculation as a pretreatment. The value of raw waste activated sludge (WAS)
biodegradability was about 0.21 (TBOD/TCOD). After pretreatment by Ca(OH), adjusted, the
BOD20/COD ratios were increased where pH increase but the biodegradation was inhibited at
pH 12. This can be explained by high concentrations of calcium ion inhibited the activity of
the microorganisms and interfere with their metabolism. The level of inhibition depends on
the concentration found in the sludge. In order to inhibits the calcium ion toxicity during
anaerobic digester. Recirculation of the anaerobic effluent supplied for calcium
crystallization or precipitation prevention in the anaerobic digester. Consequently, the pilot
scale of anaerobic digester with the pretreatment was evaluated at different hydraulic
retention times of 5, 10 and 15 days. The pretreatment via Ca(OH), were operated with
proposes of sludge disintegration. The SCOD/TCOD ratios in the reactors were higher than
that of control. Organic removal and biogas production were increased about 50-51% and
235-247 L/m>-d, respectively. Moreover, the dewatering abilities were increased about 6-8
times of the control reactor and non effect of three different hydraulic retention times.
Therefore, it is recognized that higher digestion efficiencies of the WAS were obtained

through alkaline and recirculation pretreatment also the calcium toxicity would not found.
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uni 1

UNU

[

1.1 NUALANUEIALY

v

nMsevaaenznoudIuiuLuUlEe1n1e (anaerobic excess sludge digestion) Wussuuil
foalunistvangnoudiuaInszuutta @ ouuUAznouLss (waste activated sludge; WAS)
iesannisdesaasuvulieniaiidedneiussuuiililindanulunisinda fiafiesnmgs uags
AaBanmilunanassldanszuuintn usegslsinuufiservesnisesaarsnuulioneainle
Fruaziduneuiidudeu (Lin et al, 1997; Azbar et al,, 2001; Yunquin et al,, 2009) fivlin seos

1 a

v a a v o v 1 [ @
aangnznaudliuLuUlsaanauilvednnnratausenisiawn sEeeantunIsanuLIu (20-30
) wagiuseansanlunistidenn (30-40%) tnetaarnmwmaniiiniiasannnseulunisialastada
(hydrolysis) Lﬁ@iéﬂ:ﬂ’dﬂ‘giﬂj (Tiehm et al., 2001; Rubia, 2006; Yunquin et al., 2009) Famznou

1 a A 3 [ Id § a a6 . a1 v | 1

duLiuaINTEuUnEnaulsallasnlsenounanilulgadaaunsd (Biomass) InailAdndiuuesdn
A159UNIdTenednenoA1veILTITInNa (TVS/TS) Useuial 0.6-0.8 waila1dlensedlaf
(TBOD/TCOD) tiie s 0.3-0.5 vy (Metcarf & Eddy, 2004; Rubia et al., 2006; Lin et al.,2009;
Dumas et al., 2010; Song et al., 2010) WANIINEITOUNTING 50-70% lunznoudIUAUIINTEUY
AENaULTIgasaa1an 19t ININlUle feTuNaiuUsEaNSAINY9sEUUTIUANZN U8 TNI9RININ
Tududesissuutvalesiu (pretreatment) WiiBliudndIuvDETBUNS TliaLNT0EDYAAINS
F1nm (biodegradable organic) launtuneuthluvitnlutuneussly

[y

Tuilgtussuutndesiuiiefulsyansnmmsgesanengnaudiuifuuuulionna fegdedu
na183stAA muﬂ'mqmwgﬁ (thermal process) n15LANAY5LALN (chemical process) dans1laiin
(ultrasonic) 33nenamans (mechanical process) war3sn19%30m (biological process) Fmuin
nsgesngnouLUUMesuEn (thermophilic sludge digestion) ffeffeausarfinaududuues
voaudaszmedelaa (volatile solids) Aradanminlddiy nnesussuutes waznisidnly
mﬂaul,ﬁmlﬁﬁéﬁuL,Lm'éfaﬂmswé’mmqﬁqﬁﬂﬁﬁﬁﬂ%’magmdﬁmi@umsmﬁ (Robert et al,, 1999;
Rubia et al, 2006: Dumas et al., 2010; Liu et al, 2010) @1uszvutiadesdusionausansd
IedﬁﬂLLazLamiﬁﬁﬁuﬁaLLﬁmmmLﬁmé’mﬁ’sumsﬂaaaawmq%’smwmammaﬂé’ﬁLwiﬁﬁﬁiﬂﬁz’ffdwqa
WnNNImeaszUutITaLUUWmesluanLarn1siALansLadl (Ciwem, 2000; Bougrier et al., 2006;
Yiying et al., 2009; Kim et al., 2010) st sfusen1siunie @lkaline) Wusyuuiilasy
anudpunaranunsaindndiunisdesaanevstinmensneuduunssuu s @ dy

98197 LlesnUsendaanldane wazilussuuiuguiiiislunisquanazaiuau Snvianzneu



a 6

druiuliosrusznoundniluwadaunsd (biomass) MARUSZUUAZNOULTY AXNDUAUNSE

q

wianflflosrusenouiia 50% voaA1 TVS Wuaisindwesateusniwaa (extracellular polymeric

cal 1

substances: EPS) @ EPS 1fuansounsdfigosaatsnisiinmeinuielilannsado saarenisanim
1] (Wingender et al., 1999; Laspidou et al., 2002; Dumas et al., 2010) Tuaninasanusayinane
Tassafrsveangumznou (floc structuresile Tngluanigiifidnfilevniolansenluddoeugevinli
RNALUSFU LLazlmﬂugﬂlaimﬂa%m%ﬁL'%Emd%ﬁmmssiaaamwmﬂﬁiﬁﬁ (Chemical hydrolysis)

dnvseyyals asenda (hydroxyl radical; ~-OH—-0) aunsavinlyt EPS Tupznawfinnsuindiuas

=

dosaaraiduaisneazane (subsequent solubility) F9lAIIUEINITAIUAITYDYFAILNNTININ

a 1%

suaqmﬂaua"guLﬁuLﬁmqﬁuuazé’mmmﬁmﬁwﬁmumﬂszwﬂwﬁ’mLLUU”L%fmmmﬁuqaﬁﬁuaﬂma
(Nielsen and Jahn, 1999; Neyens et al.,, 2004; Yiying et al., 2009) ussg13lsAnun15UUn
Josdumemssniudesialdinadosansninaannsifiussuy
msfnuigauluiinisasdlddglumaduanedlunmsiiiangneudiuiudofuse
M3Ruaesarnsifinuszansanlunisdesaasnsneudiuiunuulfeandiau Tageduaiaiy
Husrsanidwuilussuudesaaeuuul¥eandiau (supernatant of anaerobic effluent) MUY
& (recirculation) uldifiaifinauauisalunisgesaarsnsdanmliiunz noudruiunouri
msvrdamstinmludusely uregnslsinuanuduldlfvesnisihaneaisainssuudesaans

<& A

wuulseandaundunnlvdaliussiuineaiin1sAnudnnateUsens Wiy ANNEINI50 I UNITYIN

13 IS

ATANUATLOALYIUARYNIDIYARYATNEIUAUMBUNAIUUY (supernatant) AnsyULEouEaBuLUULS

3

29NT1IU srerIaUAselmunzan sUdnwalvesdaunsal (reactor configurations)

UsgAnSnmnnsgesaanenedininuasiadl Anuasnsatunsnanfedinmvessyuu WWudu

1.2 TngusrasAvadlasinisive

121 defnwianuannsalunisgesaalonisiinimesingnaudiuiiundinisiivn
\JostumsmudusisaninaiuuuvessyuutdauuyZoondou

1.2.2 Lﬁaﬁﬂmﬂwﬁﬁmwluﬂfﬁﬁﬁf@mﬂauﬁaUizwmimuﬁaummmLﬁu@hqmﬂﬁﬂ
druvuanssuuintauwuulseandiauiasssuuinuauwuulioaniiau

1.2.3 Lﬁaﬁﬂwmﬁwﬁma%ﬁﬁ%w%waﬁiamiLauszwmimuﬁauﬁ’]mmL"f]wmmﬂﬁﬂ
druvuanszuuivaluulSeandiaunasssuuiivanuulieandiau



1.3 YaULInUB9lATINISIY

1.3.1  msfnwaginsfnwiluyanaassseiuduwuy (pilot scale) findaszuu o 81A73
\3esile 4 uinendumaluladasund

132 menoudiiu (excess sludge) fildlunisdnuvinisifiufegaanssuuasnouss
(activated sludge) Lﬁaﬂwﬁ'@ﬁ%ﬁaqmammim

133 nsAnuwIUsEaNSAInvesyannaniseduduuwuy (pilot scale) 38MIN15An®A
W1s1mesiUsEaNS A mvessTuL ud Agled Adled Aransuuiuasemue
AansuvIuanesEwedy Amanuluisaziiey WWudy

134 wisfiwesiifdndnadonisiuszuuazyinisaneadefidimanenisiisnnzneu
waznsiAnieiivyg Wy dadiuvesmeneudiuiusethdmuuressruuttauuuld
90NTLAU ANUENTAIUNITAZANEENTBUYSY MsTUsTVNBUNSE Wusy



unim 2
USNANITIUNTTULAZITUIBNN YV

2.1 ANPAIZYDINTNDUAIULAUIINITZTUUAZNDULIY (Waste activated sludge (WAS)

characteristics)

2.1.1 AWMU INNEATNBLALIRTINITHAANLNDUFIULNU

[ 1

USH1aumenaudIULALINTEUUALNBULTT (WAS) Liligalinuuanananiuluiuainig

o v v

aamwuLLazﬂ’w@mzwmnamﬁwhﬁ?u LL@§Q§ua§ﬁU5ﬂwxauﬁ§maaﬁﬂL?mﬁl,%’ﬁzuumumma
(Mudrack & Kunst, 1986; Henze, et al., 2000) T,maﬁ’ﬂﬂﬁm3ﬂau'«q§w'§émﬂsswﬂwﬁmﬁwLﬁaLL‘UU
MeNoULIIUIEUI 0.4-0.8 mgVSS/MgBODemoved (Qasim, 1999; Metcalf & Eddy, 2004) 158
Uszanad 0.5 kg VSS/ke CODyemoved Usunsvosmznaudatuiudiinalunzneunioussansnm
A5 (sludge dewatering) 3slaevilundnsnaufivdussdusznauds 90-97% (Metcalf &
Eddy, 2004) fanns1sit 2.1 Fenelminigmluniswuddddmdn duuddesiinszurunistada
mmaudamﬁmﬁaamﬂ‘%mmLLawfmﬁfﬂmamzﬂaumuﬁmdauﬁaiﬂﬁﬁmLﬁaamﬁgy,mﬁwwﬁm

AuINAOULALLATHTANENS

A151991 2.1 SNYUTTNNEATNUDINZNDUEIUALIINATEUIUNISUNUALUNLEY

My | fen | Anvesudianue, TS
5¥UUUUn/NSAIVANTTUY 29N | AT (kg/m”)

Youds | vaImZNeN : —

BI ALRAY
1. Primary sedimentation 1.40 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. Extended aeration 1.30 1.02 80-120 100
5. Aerated 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

i Metcarf & Eddy (2004)

esandunulunmstidauasidnngneudiuiuanssuungneusaiinnndt 50% vesaldanelu
NNIAIUANTTUY (Benefield et al, 1985; Egemen et al., 1994; Higgins and Novak, 1997; Low et
al, 2000; Wei et al., 2003; C.L. Rai et al, 2004; Appels L et al., 2008; Yan et al., 2013).



2.1.2 dnwaenaalvesnenauaIuliu (Chemical characteristics of waste activated sludge)

penaudILiuIINIzUURZNouss (WAS) Insdulngazilungnousdunidfiasayivln

o
1%

LasfiusuauLnTuIINNstepEananssuNIlussuuTUaide Ssanunsanendiesnaininge
I¥lnenisanasnouludinnazney uenaniddlidelsn uazuafivdwindoudu Snidntos 1wy
Tavigniin uag Flululefn(Xenobiotics) Faldun AFT(PCBs) uazansadldidaunasuazdngiy
Wudu (Hanel, 1988; Mudrack & Kunst., 1986; Carrington., 2001; Ahring., 2003) M15199 2.2
LanseeRUsTnaUNILATiues WAS fieanaindinnnznoudinmmiedennnzneududiaas (excess
sludge) wATAZNOUTIALILED (dewatering sludge) Fanuinlaeiialu WAS Ussneudaesunm
YoaudwtenunUsEann 0.5-1.0% wazUSunameudesvimedieianunyssunal 70-80% Tagtiwiin
Wi videuUSinameudstanunUszanal 0.8-1.2% uazuSinaesudassmedioUsyanas 59-88% 104
USinawewdwiauauandiidiuin was flesusznouduasdunsdiludulng

INAITNT 2.2 WU nvazues WAS fisanaindmnaznaudanin (excess sludge) den
SCOD Wiee 2-3% 2091 TCOD Wity warfluurliuanamdininiinisiniiuds (dewatering
sludge) wanslsiifiuin WAS iuansdunidfiiaanaruinlng \ianisgesaaronstanmlioinds
sioafimslelasladanarsdunon LwimzﬂauﬁmmmLﬂﬁaugﬂmﬂagmﬂs?iiaﬁ (particulate COD) +Ju
Adlofaranetn (SCOD) 14 Bnsiailen TKN Uszanns 3-0% 1891 TCOD Feiladninnanudiosnis
afnlunistesaansuuulyeinia waflafeswelunsdifuszuuiivawuulenna (Grady et al,
1999) Bntadndruves BOD/COD Uszanal 0.45 3slun1s@nuiuas Deng et al. (2006) 523180
§n31d2u BOD/COD >0.45 Widsiindosaaienisdaninlda; BOD/COD = 0.30-0.45 inn1sdas
ga18n19INMaRUY19A; BOD/COD = 0.20-0.30 LAnN158ag@a1an1edn1nla wazantaania 0.20
dideiuldfianumunzaslunisdosaasnisdinin seajussuuditangneudionssuIunsmig

I mIstanumanzaulunistaau weunun WAS



A519% 2.2 SNBULNILALVDINLNDUAIUNUIINTEUUNLNDULTS

- . Excess Dewatering v -
NWINULRBDT RENBN
Sludge Sludge

Lin et al. (1997); Browski et al. (2007);
1. pH 6.9+0.1 6.320.4 ,

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. TSS (¢/V) 17.06+0.70 - Lu J. (2006)
4. TVS (mg/L) 7,643+118 | 10,888+1,045 | Lin et al. (1997) ; Nges and Liu (2009)
5. VSS (g/V) 9.61+0.35 - Lu J. (2006)
6. VFA (g/) 0.23+0.01 - Lu J. (2006)
7. TCOD (mg/L) 11,905+238 92,000; Lin et al. (1997) ; Nges and Liu (2009)
8. SCOD (mg/L) 251+37 2,120 Lin et al. (1997); Nges and Liu (2009)
9. TBOD (mg/L) 5,417+245 310 Chen et al. (2007)
10. Alkalinity (mg/Las .
512+44 267 Lin et al. (1997)
CaCO3)

11. TKN (mg/L) 409 74+4 Lin et al. (1998); Browski et al. (2007)
12. NH4 + -N (mg/L) 88+3 - Ningben Jin et al (2015)
13. TN (mg/L) 109+5 - Ningben Jin et al (2015)
14. EPS (mg-EPS/g-SS) 10 21 Houghton et al. (2000)
15. VS/TS 0.75 0.55 Lin et al. (1997); Nges and Liu (2009)
16. SCOD/TCOD 0.02 0.02 Lin et al. (1997); Nges and Liu (2009)

Lin et al. (1997); Lin et al. (1998); Browski
17. COD:N 29.11 1,243

et al. (2007)

Chen et al. (2007); Lin et al. (1997); Nges
18. TBOD/TCOD 0.45 0.003 )

and Liu (2009)
19. Lipid (g/V) 0.44:0.10 - Lu J. (2006)
20. Proteins (g/l) 5.27+0.12 - Lu J. (2006)
21. Carbohydrates (g/1) 1.46+0.14 - Lu J. (2006)
22. TP (mg/L) 330+8 - Ningben Jin et al (2015)

2.1.3 NN58R8Aa18NISTININYDINSNDUAIUNUINNTLUUNENDULTS (WAS)

a

afinlunszurumsiitauideluuseuungnawss (AS) lan1singndunsesiudilugy

Wden (floc) atinluszuy AS arunsagauniziumenisasialndwainieusniead (extracellular

1%
=

polymeric substances; EPS) Fuulay EPS vutiiiadeuninussdalwaduaigsaatinignu




EPS WJuansusenauldetou (biopolymer) flaspusenaunanlaunlnaisnaislss lUsiu Taaddaue
3 glstiauedn Saliauedn uazlata Wud 31 EPS iuasUszneuiidesaamonisdaninldennlsio
aglunsruaunisuuuldennianseliennaa (Urbain et al,, 1993; Wingender et al., 1999;
Laspiduo et al. 2002; Carrére et al., 2010) wisgslsAniun1seoaaars WAS Fadufudnnane

v '
a Aa < . T 1

psAUsznouldun Uszdvsnmvesszuuanagneudesiudsasilreoyniafidesaasliilierauidl
wnfutnids gungl dndauvesiiudl aerobic/anoxic nieangadaduasszuy AS iusiu (Mottet et
al., 2010; Carrére et al., 2010) TunanensAnuriiiusnuitszuudangnouwuulfoendiaudl
UsgAnsnmlunsidaansdunidusyann 25-60% wagiiuszansnmanasilonigadadiuasszuy AS
uwusﬁuw%ﬁﬂizﬁm%mwLﬁ'msﬁuLﬁaﬂizﬁm%ﬂﬁwsuaaiz‘uumﬂmsﬂaulﬁaaé}’uqﬁu (Carrere et al.,
2010)

2.1.4 US1aungnaudlIuALaINITUULDLOE
2.1.4.1 1uuszuu A/S Tulne
sruutdnindguuunynouse (Activated Sludge :A/S) 1uszuuirdatndenisdinin

ldgpunidlunsdsuguamBunidluihdaiuamguanivinliuaniuings Tduwadqaunis
uazanmsauenoonanilddenisannznou liifiaunmd auansaUdeseengunai
s33uv1R vidovyuisunduanldlmild ssuviininideuuungnewsaduiientuounnatea
TunINgAANTNTTULATINTY 9I1NTIB9UTEY Simachaya (2009) nutiluszmalne fsvuutida
Ao sutsmundszann 95 15¢ sesdutndeusyann 3 $1u ausdetu Aadu 22% vesinded
Antuoun Fauandlumsied 2.3 lusuuilssidaiideildauogivssana 70 15 sesfuih
AoUszana 1.13 Mm¥/d wazdnnh 25 Tss sesfuthidedssann 1.18 million m¥d sgluduneu
n13UsuUTmasneaseseuy Tushuruszuutiindidedis 95 Tseil wladuszuudndidsuuy
MENoULSY (Activated sludge :A/S) 36 134 (36%), UoUsulaies (Stabilization pond : SP) 45 139
(45%), @58LAuaIn1A (Aerated lagoon : AL) 16 153 (16%), U9UseAwg (Constructed wetland :
CW) 2 Yo (2%) wagszuuUrUanuubiumyudInm (Rotating biological contractor : RBC) 1 154

(1%) (PCD, 2010)



A1519% 2.3 szuvinvnudslulsemelng

) UL Tssthdatide AN
it Gidath | readaudh | Ufuuze | évh | ideeaths | (m¥d)
e (59) | w@se (s9) | szuu (59) | (I59) (159)

NINNNUNIUAT 7 7 - - - 99,200
UTEN 91951U6199) - - - - - 85,600
NANaN 21 19 1 1 - 812,100
nziuoen 15 12 2 - 1 208,900
wiile 17 11 4 - 2 256,378
eI ORIGE NI 18 9 2 - 7 285,082
[ 17 12 - - 5 357,720

i Simachaya, 2009

v 1%
Y o a Y

ludnussuutdadndenmunniels njannuniuas (Bangkok Metropolitan Administration :

v [%

BMA) HlssU10 @ vanua 7 159 AuNUsSn1T 192 ans1enlatuns Aoy 12.22% Ya9Wun

NFANNUNIUATNINUA @101505095UUNFelA91nT7 99,200 m*/d 385713 40% vesundevianunil

a £ o <
LﬂWU‘lﬂULGUGIﬂEQWIWNﬁ’mFﬁ ANRNTIN 2.4

A o & o6 o
M990 2.4 33‘UU‘U’1U®mLaaiumeﬂiamemmﬂuﬁi

Tsstiininide A14] fudiuznag Usevns
(m*/d) (km?) (AU)

AInszen, Contract Stabilize Activated Sludge 30,000 2.7 120,000
Smulndu, Contract Stabilize Activated Sludge 40,000 4.14 760,000
YDIUUYT, Cyclic Activated Sludge 200,000 28.5 76,000
Vjﬂﬂj, Activated Sludge with Vertical Loop 65,000 42 1080,000
Reactor
NUBDNLVY, Activated Sludge with Vertical Loop 157000 a4 418,000
Reactor
AU, Activated Sludge 350,000 37 1080,000
aRIn3, Cyclic Activated Sludge 150,000 33.5 432,500
334 992,000 191.84 3,966,500

ﬁlm’] UNEP,2001 ; WQM, 2011



https://www.google.co.th/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&cad=rja&uact=8&ved=0CDQQFjADahUKEwil4KTumfPHAhUKBY4KHQ7sB98&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FBangkok_Metropolitan_Administration&usg=AFQjCNGl03lmCXDLMYysH5i5-UU9yPM3tA
https://www.google.co.th/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&cad=rja&uact=8&ved=0CDQQFjADahUKEwil4KTumfPHAhUKBY4KHQ7sB98&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FBangkok_Metropolitan_Administration&usg=AFQjCNGl03lmCXDLMYysH5i5-UU9yPM3tA

2.1.4.2 Ysinumgnaulagnnsiused

ngnoudLiuiiinuainszuutitatndsunungnousseglugag 70-100 ke-
DS/ML (Metcalf & Eddy, 2003) Wiaiauagfusmisantsnvesinde Taglulsswmelned
Tsssugaamnssunit 120,000 Tsau Sindefinduussun 2.8 Mm¥d (PCD, 2010) Hudeann
nsvmsnuasUszanas 150 Mm/d widudideilifundsiinuuen (Non-point sources) #39g
lidssuutnde Siftesdnideaniifuans uazdaii fios 0.1 Mm¥/d Adhszuuaa idesann
Lﬂuﬁmﬁaﬁimmﬁmwuau (Point sources) LLazﬁWL?ﬁsﬁqmumﬂUismm 14 Mm?/d (PCD, 2010)
FeduannsaUssanudnanznaudruiulusungnouuis (ry solids) MiAntuluusasUliUszaa
430,000-620,000 i LawzAslunnIMIaMmIUAT wazeglunuduinteuINTINNITAT 3

o w

Uszanas 3,600 fiu Femzneumaniidadutymnisluvudaazidaludagiu

2.2 szuutrunUasdu (Pretreatment)

2.2.1 szuuUnUAUeun1eTInm (Biological pretreatment methods)

= o

nsthdaidesiudeitmetinmiiagusrasdifiofiuussansnnlunssuiunislelaslefaneu
ddrgnszuaunisdesaaienisiininndn esainnszuaunislslasladaiudodiinves
nszulIuNIstesnznauluszuvgsynznouwuuuliennia (Eastman & Ferguson, 1981; Malina &
Pohland, 1992) st TRl peduaeiimetinmiitdealnevhlufe seuugosaatenaTan MmUY
wiasludan (thermophilic) ﬁqmugﬁ 55°C viselatasimesiuilan (hyper-thermophilic) ﬁqmwgﬁ
60-70°C drulngnszurunisgesuuumasiuiidangniunliilussuvirtanouniisyuuiledian
(mesophilic) matfisgumgilutrameslufidnievhaisdolsauasfindnnslelnsladaliaedy
1NN 2.5 wuszuugesaatensiinmuuumesluiianigamall 55°C anwsalfingnsIng
maindimulusyuuiidawuulionmalaussanm 25% waznuitaunsavinanslaseaiiwesdle
wilunIsAn TR LI IR LU U aDmMASnAER S HaY 1T IAT TN UITUTE AN AT IS T UL
goanznaunaTanIiuty Wewinnsiuturesrasiinislelnslada (hydrolysis coefficient)
:mﬂﬂdﬁmsLﬁwﬁuﬁumé’@dwmiéaaaawww%amwmaﬂmzﬂau (Oles et al., 1997; Robert et al.,
1999; Ge et al,, 2010) luilagtiuiinarsmsAnmineeufingamainisgosaaeuvulienmedy
55°C wdsldanunsafindszansamlideglussfuifinnudualunisamuld (Nielsen et al,
2007) drumstridmdesdunuulaeiimesluiidnauisaiudnsnisdosdarsniadanimues
avnouUsyan 15-50% JufudnvazyeinnouidunzneuaInsEUUANATNBUT S (primary
sludge) GI%ﬂE]UR]’]ﬂi%UUG\ﬂG]%ﬂE]u%uﬁEN (secondary sludge) visavaeninsauiy udeeslsiny

widnsiivgaumgiuuulawesimesiufidnaiunsaiuused@nsainnisgey WAS n1e83nnled
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lddgluFeswemdsulunaifussuugannduiu (Gavala et al, 2003; Climent et al., 2007;
Lu et al., 2008)

2.2.2 milelasla@aigamgiiginin 100°C (Thermal hydrolysis)

a

n1slelasladanaaumgiigindt 100°C gnussendldaseusniieinuiainazneu (Haug et al,,

Y Y

o 1

1978) Bnvisdafnnisdes EPS uazhlidadaunisazatsveannoudfiuainiu masidnngnaudie
Mt mInAnlaRTY (Zabranska et al., 2006: Fernandez-Polanco et al., 2008) n15@An®1¥
Aeateatunislalasladaiguugigafuantlunisnd 2.6 wuinnisAnwiddunginistia
Dewudaegumgiilugag 160-180°C ilutian 30-60 wnit asaifiudnaniafinfedmuld
Usganal 16-62% Jufuissianvosnznou nislelasladadiguunlgailisnsnislalasladaly

1 S a v g & [y < 1%
SYUUEREEAENITININAR AT ITULAL ST U NLAY (HRT) v9958UUanaInI8Y

2.2.3 mMsindanienadians (Mechanical treatment)

nsenwnsiidanssuiunsidaUesiumedinnamanslegmeiunaieisaaguluniss
7 2.7 Bafisvavdunnamalull
®  ap57leida(Ultrasonic) @unsavinanelAsIas19uasadkasNaanmIgAALAINUNN Y
2 nalnAeAauALR (20-40 kHz) vilviAnlwssludongnouriiinnnuniugs vwnvensnay
Anas wagiinduaudgaiiifanisuandaidu OHe., HO,, He (Carrére et al., 2010; Kim et al.,
) A & o o X Y Ao a a & o~ P | % ~ v
2010) Fanslgialunisirdnilesdiuniiussnsnmesddinsinwideudiunnuwazinisussgnaly
TuszuutnUnass (Zhang et aL 2007) LLG]@‘EJNVLiﬂG]’]?,JEJaGli’ﬂ:“d‘lmL‘IJ‘LJ’Jﬁ‘VlG]EJ\‘]ﬂ’ﬁWﬁN’mhm’]iUTU@
8489 1,000-16,000 kJ/kgrs FufuaLETuYes TS luszneu s‘d‘m 2.1 wand sruuthait aeduse
59ansleila
® 7751389 (Lysis-centrifuge) lunsimtneanannnzneuisuilsneutrinniessuy
a ¢ A ' PN a & Ve .
PNTININ ASANBINHIULINUINEUNTAALDRTINSARATINWLEADS 15-26% (Carrere et al,,
2010)

® yswdaw (Liquid shear) \Hun1sdnuasdnenzneumeusaiugaiilasiaisves
wadkarHFengnyinaneslsLsuourasnenau (Carrere et al., 2010)



Power supply

Sludge influent

Ultrasonic
wave oscillator

Sludge supply’s pump | | |

Digester
|

-Jt n u.u'
o‘o ’o vot %

b Ultrasonic wave reactor

5UN 2.1 szuutihdndesiumeisdansilelia (Monruedee M., 2007)

A157199 2.5 szuuinumesrunisiinnlinussuutivanuuliannie
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550Q)

Anaerobic
Treatment
Substrate . digestion Results References
Conditions
conditions
Activated Microaerobic | Batch, HRT 10 Increase of biogas production from Haseawa et
sludge 60-70°C, 1 days, 37°C 200 to 300 mL/gysin (+509%) al. (2000)
day
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 Batch, 37°C Increase of CHq production from 8.3 Gavala et al.
sludge to 10.45 mmol/ gysin (+26%) (2003)
Activated 70°C, 7 days | Batch, 55°C CHa production of 10.9 mmol/ gysin
sludge (no influence)
Primary 70°C, 4 days | Batch, 37°C Increase of CHq production from 21.2
sludge to 24.7 mmol/ gusin (+16%)
Primary 70°C, 7 days | Batch, 55°C Increase of CHq production from 13.7
sludge to 25.5 mmol/ gusin (+86%)
Activated 70°C, 2 days CSTR, HRT 13 Increase of CHq production from 40 Skidas et al.
sludge days (15 days to 55 mL/L-d (+28%) (2005)
without
pretreatment
55°Q)
Primary 70°C, 2 days CSTR, HRT 13 Increase of CH4 production from 146
sludge days (15 days to 162 mL/L-d (+11%)
without
pretreatment




A15199 2.5 szuuinUatUasauniatinnlrnuszuvinuakuulionnie (sie)
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Anaerobic
Substrate Treat.nr?ent digestion Results References
Conditions -
conditions
Activated 70°C, 9h Batch, 55°C Increase of biogas production +58% Climent et al.
sludge (2007)
Mixed sludge | 70°C, 9, 24, CSTR, HRT 10 Increase of CHg production from 0.15 | Ferres et al.
48h days, 55 °C to 0.18 mL/ gysin (+20%) (2008); Ferres
Increase of energy production (+60- et al. (2009)
100%)
Primary 70°C, 2 days | CSTR, HRT 13 Increase of CH4 production from 13.6 | Gavala et al.
sludge days (15 days to 20.1 mL/L-d (+48%) (2008)
without
pretreatment
55°C)
Primary 50-65°C, 2 CSTR, HRT 13-14 | Increase of CH4 production (+25%) Ge et al.
sludge days days, 35°C compared to 35 °C pretreatment (2010)
M3l 2.6 sruutidadesiusenislelasladafignmgdasnd 1000
Anaerobic
Treatment
Substrate . digestion Results References
Conditions -
conditions
Activated 175°C, 30 CSTR, HRT: | Increase of CHq production from | Haug et al.
sludge min 15 days, 35 | 115 to 186 mL/gcopin (+62%) (1978)
O
Primary 175°C, 30 CSTR, HRT: | CHq production of 252 mL/gcopin
sludge min 15 days, (no influence)
35 °C
Mixed 175°C, 30 CSTR, HRT: | Increase of CHq production from
sludge min 15 days, 205 to 234 mL/Scopin (+14%)
35°C
Digested 170°C, 60s, | Batch Increase biogas production Kim et al.
mixed 0.8 MPa 20 days (+49%) (2003)
sludge
Activated 170°C, 60 CSTR 35°C | Increase of CH4 production from | Valo et al.
sludge min 24 days 88 to 142 mL/gcopin (+61%) (2004)




M19197 2.6 szuuiUaUewusienisialasladangamniigenii 100°C (sie)
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Anaerobic
Substrate Treatrﬁent digestion Results References
Conditions
conditions
Activated 160°C, 30 WWTP Increase of TS removal from Zabranska
sludge min 62,000 PE 25% to 45% et al.
(extended two stage (2006)
aeration) digestion
53-55 °C
Activated 170°C, 30 Continuous | Increase biogas production (+40- | Fernandez-
sludge min, HRT: 12 50%) Polanco et
7 bar days al. (2008)
Activated Microwave | Batch, 18 Increase CH4 production (+31%) | Eskicioglu
sludge 175 °C days et al.
33 °C (2009)
Primary Microwave | Batch, 18 Increase of degradation rates Zheng et.
sludge 35-90 °C days No impact on ultimate methane | al. (2009)
33 °C production
a3eit 2.7 szuuthdadesdushenmsmsthdamanaans
Anaerobic
Substrate Treat.rr?ent digestion Results References
Conditions
conditions
Mixed sludge | Ultrasonic Continuous, HRT | Increase of VS removal | Tiehm et al.
31 kHz, 3.6 22 days, 37°C 45.8% to 50.3% (+9%) | (1997)
kW, 64 s
Activated Ultrasonic Semi-continuous, | Increase of VS removal | Tiehm et al.
sludge 41 kHz, 150 | HRT 8 days, 37°C | 21.5% to 33.4% (+36%) | (2001)
min
Activated Ultrasonic Batch 50 days Increase biogas Salsabil et
sludge 20 kHz, 37°C production (+84%) al. (2009)
(17.1¢TS/L) 108,000
kJ/kers
Activated Ultrasonic Batch 16 days Increase biogas Bougier et
sludge (27 20 kHz, 35-37°C production (+40%) al. (2005)
gTS/L) 7,000-15,000
kJ/kers
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Treatment Anaerobic
Substrate - digestion Results References
Conditions N
conditions
Activated Lysing- Batch 25 days Increase of biogas Dohanyos
sludge centrifuse 35 °C production from 91 to | et al. (1997)
168 mL/gcopin (+85%)
Mixed sludge | Lysing- Batch 25 days Increase of biogas
centrifuse 35°C production from 170
t0210 mL/Scopin (+24%)
Mixed sludge | High CSTR, HRT 20 Increase of biogas Barjenbruch
pressure days, 36°C production from 350 to | et al. (2003)
Homogeniser 413 mL/gyssin (+18%)
AP 30 bar
Activated High CSTR, HRT 20 Increase VS removal of | Nah et al.
sludge pressure days, 36°C 30% (2000)
Plate
collision
AP 600 bar
Activated db:0.25 Batch 21 days Increase of biogas Baier et al.
sludge mm 37 °C production of 10% (1997)
(SRT 7 days) ,:10m/s
9 min, 60°C
Activated db:0.35 Continuous Increase of VS removal | Kopp et al.
sludge mm suspended from 42% to 47% (1997)
(SRT 3 days) | Dy:6m/s biomass (+12%)
Es : 2,000 7 days, 37 °C
kJ/kegrs

®  7159mAeusIAUgY (High pressure) Wun1sdnnsnoumansiugeUszann 30-
900 11§ NS¥UIUNITHaInsnandn HRT vasszuuthdauuulienniaain 14 Yudu 6 Juld anansa
HusnInsAnfedan1nle e 30% wazanUsuinsvesnznoulduszuna 23% (Carrere et al.,
2010)
2.2.4 mMsUrUamaedl (Chemical treatment)

= U

= o w o o X v vy aa aaa o %% ana
NIIANWYINITUIUANNTIZUIUNITUN WMU@QWUQQﬂjﬁWTuﬂNWUSMIUﬂQQUUN@ﬂﬂﬁﬂﬂu 2 19ADANT

Y

Tasaiilunisesndladuararseinlan1na19nas1easdentun1s1en 2.8
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o  msadluniseandlad (Oxidation) ansiafiiiusenduaudlasuaudouannly
Haqiiudeloleu (0y) lelsurhliauanunsolunisgosaaionisiinimess WAS duunniunie
pznouflvuiniinas waza1 SCOD lu WAS Wudude Taevaludialelsufivnzaylunisdes
@ane WAS danuszaunas 0.1-0.2 g05/g1ss (Weemaes et al., 2000; Yeom et al., 2002; Bougrier et
al., 2007; Carrére et al,, 2010) dauanseenduauddnvianisifendolelnnauedoonlad (H,0,)
Feaziluszansamilefindenunszdu (@uugfiuszuna 90°0) figunadl 37°C UszAnsanues
Tolwuazaaudnei (Rivero et al.,, 2006)

o @adiidaningn (Alkali treatment) Tuanmansanansavihanalasaiisvasngy
nznau (floc structures) Il Ingluan1izfifarfievniolansonluddoougeili RNATUSAY Laz
lusfugnlelasladavdefifenininnsdesamemandlé Snitouyalansenda (hydroxyl radical;
~OH—-0) anusavilif EPS lungnawianisuiudiwardosaaresduansisazats (subsequent
solubility) 1§53 (Nielsen and Mladensvska, 2007) Ssvilsmnuanansolunissevaansniadann
vosmgneuduiuiingedunasdnsnafnfiefimuiingadudndis Tuunaruves Lin et al
(1998) sryimsidadesdudienafudaiussuuiinauaunisinuiazssansawldie
ansaifiudn SCOD 1#ds 46% fligauunaifiios Snviavinlissuudesngnouuvvlioondiaud
UseArBnmin1sidnen VS i 25-35% wasdnfadanimdindu 29-112%

2.2.5 msFsuiisuszuuintailossu (Comparison of pretreatment methods)

nmsdensyuuthdalesruliiinnumnzausniudesddstsesrusenounie Ad1Aay

e
=De

() Ussmwesnznauiiazyinnistion
(i) UszAnSameesszuutidn wu @unsaiiudnsinistesaans niofiudndiu
Yasr@leniigasaarenisiininls (BCOD)
(i) Aldanelunistitn wu wdsildlunistade aldelusosansadl wazen
Hlunsvrdnansens Wudu
(v) wanasglnainnsthde wu Aedinin 1Wuduy
msfnwiiusndulngagjaiiluiinauieudsusssnwidunsdiifssuunidaidesiuay
Lifisyuuthdndosiu fseandunvessegamsinuiuandelud

- Bourgier et al. (2006) ¥inn15AnwIlasAITIUTBUNBUSEUU dansilelin ANg
lelnsladafignuuniganit 100°C uaglelou ietlin WAS Weskudeudngssuutiiauuul
9908191 (mesophilic batch) wuiszuviinandenislelasladafigumgiias lnsaunsnanaiiu
wiln (viscosity) vewmzneunatiunuansalunisnses (filterability) vesmznouliAnity dau
Uszansamlunisiinfiedininlunistrdad oadudasloleu (0.10-0.16 ¢03/g7s) ADUT19AN
Uszanas 246-272 mLCH4/eCOD;, WiawSeuiiieuiunsalfilifissuuthdndosiuiisnsnsiindmy
Wiy 221 mLCHa/eCOD;, dauszuuiidadosdudesansilada (6,250 way 9,350 kJ/kgrs) uay
nslelnsladaiiguugfiganit 100°C (170°C w3o 190°C) wudmsnisiAadimuiidrlndide sty
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Usra 325-334 mLCH4/gCOD;, danslafiniinalnnisiiulse@nsnimnistesaalan1edininlag
msvileunrnzneulivumanaswlilidiu SCOD dwunislelasladangmumngignin 100°C vlu
N1SHNA1 SCOD uiliianansnanvuinvesaynIannauala

=] - A o =
AIFN 2.8 3 UUUIUALUBDIRIUAILAITUIUAN LAY

Anaerobic
Substrate Treat'rr?ent digestion Results References
Conditions -
conditions

Mixed 0.1 ¢0s/gcop Batch 30 days | Increase of biogas Weemaes et
sludge 33°C production from 110 | al. (2000)

to 220 mL/gcopin

(+100%)
Activated 0.15 ¢04/g1s Batch 18 days | Increase of biogas Bougrier et
sludge 35°C production from 150 al. (2007)

to 367 mL/gcopin

(+145%)
Digested 2 gH,02/9yss CSTR Increase VSS removal | Song et al.
mixed 90°C, 24 h HRT 15 days | from 52.2% to 70.6% | (1992)
sludge 37°C (+43%)
(SRT 15
days)
Pulp & 8gNaOH/100grssiudge | CSTR 42 days | Increase of CHgq Yungin et al.
paper 37°C production up to (2009)
sludge 185% of the control
Activated 30 meg/L NaOH CSTR 35°C Increase VS removal Lin et al.
sludge HRT 20, 13, of 45% (1997)

10 and 7.5 Increase COD removal
days of 47%

Increase of biogas

production of 164%
Activated 30 meg/L NaOH Batch 24 h Increased SCOD from | Lin et al.
sludge 25+3°C 18% to 45% (+27%) (1997)
(acrylonitrile
butadiene
styrene

sludge)
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M1519% 2.8 szuuinUaladaunen1sUNURNIell (5i9)

Anaerobic
Treatment
Substrate . digestion Results References
Conditions
conditions
Activated 300 megHCl/L Batch 25 days | Increase of COD Stuckey and
sludge 175°C, 60 min 35°C conversion to CHg Carty (1978)
(43 g/L) from 48% to 75%
(+56%)
Activated 300 megNaOH/L Batch 25 days | Increase of COD
sludge 175°C, 60 min 35°C conversion to CHq
(43 ¢/L) from 48% to 78%
(+62%)
Activated 7 gNaOH/L Two stage Increase of CHg Park et al.
sludge 121°C, 30 min Acidogenic: production from 290 (2005)
HRT 6 days to 520 L/kgysin (+79%)
Methanogenic
HRT 12 days,
41°C

- Salsabil et al. (2010) vhns@nwUSeuiisuszuuiiiadesiunuy Sansleda
(200,000 kJ/kgrs) maﬂqﬁmﬁqmgﬁqq (370 40°C 4 120°C) wazlalau (0.1 gOs/grs) WU
szuudansiludaaninsaandn TSS anas 30% daunstrtndigamgiias (90°C fa 120°0) uazlelwy
@usnanAT TSS anad 20% usegslsinuAmdrnusimsuassruusandlaialunsinuiliien
qmdwmaﬁnmﬁuaéwmn

- Kim et al. (2003) ¥nmsAnwseuiisussuuiinilesiunuy Sansledn (42
kHz, 120 min) mslelasladafieamaiia (121 °C) msiwansiall (NaOH 7¢/L) uazsyuuwmesluad
Aaa (NaOH 7g/L, 121 °C) itoynin WAS Aesulingsyuulieandiaunuung (batch anaerobic
digestion) Wuinszuuiiussansamnsiinfnediningeanaenislelasladaionmgiias (3,390
LCHa/m>WAS) S898981A8 Seuuwnastutainaa (3,367 LCH/m>WAS) damns1ladia (3,007
LCHa/m>WAS) uagn1siiinansiail (2,827 LCHa/m*WAS) anuansiu tngluganiunuildnsinisiinineg
YININ 2,507 LCH/m WAS

- Berjenbrunch and Kopplow (2003) ¥n1sfinuuieuiiisuszuuiidmdosdu
fe ﬂﬂﬂﬁimﬂa%ﬁqmm:ﬁqa (80-120°C) N38AKIAUGS (High pressure homogenizer; 600 bar)
wazn1sunUameeulen (carbohydrase) neutnvnaniaszuulioandiau HRT 10 T4 WUI18RIAS
Anfnetanmwesszuulelasladaiiommgil 90°C way 120°C (>20%) so9asnAenssausefugaay
ssuulelasladafignmgil 80°C (>16-17%) wagmsthinsatealey (>13%) amuddu
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o JymAunasu (Energy aspects)
Tuaarunisaldwandentagiu wasnudulssinud Ay idosidadadusuiu

wsntuniAgeamnssy nszurun1sUinveadefuiundanuinldlunsiidasdedinuduanie

Wiguisuiundesuiidunanaseldainnisiida a15199 2.9 Mn1suszilundanugns (net

6V
1

energy) Mnnasulihidunanasslianfwdanmuinnsgadeiiesingunsallvil wu Ju

a

WBLMBINIU Uagnasnunldiiemuauaumngll nulnssuudey WAS wuulisendauilgumgivies

Y

a0

(mesophilic) wuulifiszuutndalosnu TAMEWIUaNTVNAY 1.36 kWh/keys fed FatiAnlnalAes

¥ [
v = t Y

vIaInINsanilszuuidnUssnuriane

M15199 2.9 N1sUsEEINANNABINSNAINUIUNSUNURRENaU

EE Thermal Max Net
Pretreatment | Treatment VS consumption | consumed biogas energy
methods conditions | destruction | (kWh/kgys (KWh/kgys | (kWh/kgys | (kWh/kgys
fed) fed) fed) fed)
Non- - 40% 0.04 0.5 1.9 1.36
mesophillic
Non- - 50% 0.03 1.0 2.4 1.37
thermophillic
Biological 70 °C
50% 0.03 1.0 2.4 1.37
(thermal) 9-48 h
Thermal 170 °C
. . 60% 0.04 2.0 29 0.86
hydrolysis 15-30 min
Sonication 100W, 16s
5 50% 0.37 0.5 2.4 1.53
30 kW/m
Ball milling - 50% 1.04 0.5 2.4 0.86
High 200 bar
50% 0.33 1.0 2.6 1.27
pressure

fan: faudasann Carrere et al. (2010)

AT FULITDING N URBULMUANTUED SeUUUIUAUBIRUMETTNITININ N5UITRNNY
NaFEns WU N13WMIEs N1sldusuloukazdansnletin Indeulnihdanansuwnugnsliuansing

nNsgesnuulionangamnivies (mesophilic) lagliifissuuindaieiu dnvsdanuinssuy

a 1

Unlatesiunuulalasladaigungiigendt 100°C n1sld (ball milling) fiAnaugNEA1NIINTg

gosuuulioniangamgiiviedlagliissuuindniloswiutia 40%

o Ugymin1suasea1sa1ms (Release of Nutrient)
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WAS flosrusgnoutdululasiaulssuna 11% wazweanasaussunm 5% lu
sssumfilefinisden WAS ansormsazgnideseenuniuidoudidssilidesiszuusinasds
Huansudndasiannisiidanneu TunsdnufikiunudnsnisUaesnsneuvesssuutiasngg
Faseluil (Carrére et al., 2010)

- Two stage thermophilic (60°C) — mesophilic: fiUsza@nsanlunisiidnal Vs
30-40% nwuinddesweanadaeenin 10-20% veseanealunsnaurioun

- High pressure homogenizer: #a4n15U1UANUAILLTNTUTD Sl UIATIAULAY
WoamlaSaluiladnuuiiatu 10 wihues 3 whanudu

- Sonication: 71 500 KWh/m?® u1u 1 #3lus nuivaeslulasiauuazeanssa
DONUUNINY 70% WAz 60% MINAIAU

- Microwave advance oxidation (MW/H,0,/0s): Wu31Ua® glulnsiaunas
NoanasaaanUWNINU 20% way 37% MIUAIRU

2.3 MsUNUARZNBUEUAUIINTZUUNZNBULIS (Waste activated sludge treatment system;
WASTS)

2.3.1 msthUamedsmaaiuaznignin (Chemical and physical treatment)

nstrdangneudiuiiugiedsniaed Wunszuiunisivinlinznauasdalaenisiiy
asinivieufiseailvesnzneu Feilvateisimeiu 1wy nmseentladisaisoendladsoiaud
(Oxidizing agent) wu Aas3uLazarsiiaunsalioandauiuasnau nsusuaninaudunsa-as
VBIAENBU LU YUY Fuduismsiildagneuinnisasiiuarlinings daunisvidansnau
drufumedaninieain azedeisnismenigamlunisilingnauiinan1sady W gaungll
omagiililaenisangungiivesnzneuasiietestunisanianssuvosgdunidlunisdesaans
asdunidlunzneuas FaduiBnsveasnsuindenienissevaansansdurnisluaneilildonnie
1§ vomahligamgilunisthdngedufidudnuuammilsiifeuiunldlunsttangneudauiu
Tutlagiu lnedwlngudinsidanznaudruiumeisnuaiivasnenmlulagiuiemhunlddu
szuutlinngneullosiu (Pre-treatment) foudhgnszurunsttangnauduiudeisnisgos
aanevnaiinm Feinlvissansamlunstiinngneuduiufingatunulude fudunisfing
299 Nges and Liu (2009) s?ialé’ﬂwLmmsﬂwﬁ'&w%é’uﬁqmmﬁiu%mmaﬂuﬂﬁﬂ (thermophilic, 50°C)
wldlumsanuinsdosaanenzneuduAus gy (Primary sludge) sfuasnaudiuiutuiiaes
(Secondary sludge) LarAZNUAIUAUTHIUNTH T ULET (Thickened Sludge) Fearunsanian
voswdassimeieliuszann 40-50% wenanideinanisAnuludnnarsnudsediladnistie

nenaudIuiuTINiurendsdue (co-digestion) wu vaadeanyuyu Smaniauinuall Na1uisn

'
I a

MlidsegdnsnmlunisdesaatoasdunidiiAniu gy 118991na1013080A1UTNTUY DY
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ansuszneulufivas Uuaunaanserms uagyilisseznanlunisgesaaisanasmininiua
sswinmznouduiufuans co-digestion 187 uenanilgwlisuaanssunidiiannsadosaans
lﬁﬁw%%mﬁumwLLasﬁ”w%ummﬁmqasﬁu (Benabdallah El Hadj et al., 2009; Gomez et al.,
2006)

2.3.2 nM13UNUAMBAIsNI9T1AIN (Biological treatment)

2.3.2.1 MsviUnngnaudIuiiumIgion1syesaatensiInnLuultene
(Aerobic digestion)
nsUnUnngnaudILiuAIeIsNSEReaatenisdIn Ul v natauly
detntudunagldlussuuitnidovunndnasuuinnats (Barbusinski and Koscielniak, 1997:

dldv a Y aa a I

Bernard and Gray, 2000) Mifldns1nsiinnznoudnniuliuinidn Weswiniideffaiiussuude
wareneasesyuulige uilldedededludedddaujiseniivunalmy Weswndszesnistniiu
w1 (15-30 9u ) (in et al,, 2009).

1) ANWULVBINITTUIUNSERsdaNsaNsIunIgnuuldaIna
NN58RYARNYATAUNTLUUTIYDINANEITBINUNTLUIUNITODNTLATUVD S
a A s a oA ) 9 ~ £ ™ wa a e
a15duNIduazigaddunsIdNausadesaalin1aTinin waz Iuedivantiveinzneuldunsen

vV

A158UU (Nevim et al, 2002) nszuaunisiindulasuuadidelunguldenie (Aerobic
microorganisms) fngUszasdiioaninavesnyneuqdunid wagilvingnougdunidiaunswiauin
Ju (McFarland, 2001) Tnsarwdiasniseandiauveskuaidelunssuiunisgosaaionuuldernia
annsauvadu 2 nszuiumamdnliun anudeanisesndiouvesqduni dilidesaaissios uay
amusssnseandiaulilunsidsunenludslidulunnndeuiitolusdfadu (Nitrfication)
falansluaunismuans (Metcalf and Eddy, 2004)

N3to8aRIuaNTBUNIE

C4H,NO,+50,—4C0, +H,0+NH,HCO,
nsiinufAzenlunsnty
NH,+20,—>NO;+2H" +H,0
SonsiAnufizenluniiiaduanysal
C4H,NO,+70,—>5C0,+3H,0+HNO,
Seiinufisendlunsiadu Tnedlueselulasiudusidvdidnasou
CH,NO,+4NO;+H,0—>NH, +5HCO;+2NO,
SonsAnufiseluniiatunas Aluniiieduaysal

2C:H,NO,+11.50,—>10C0O,+7H,0+2N,
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nstevaatsvesduniduuulfesndiautl 2 nszuaunisiiiniu WWudnseuiumsuenlads
AU (Ammonification) kagnseuiunsiunsiadu (Nitrification) nszuiun1swesludiliady Lin
Mnansazaedunidlulpsaudsuidulueglusvuenludelulasiaudaslaesiunszuiunisld
pandaureninesziily wazdranzmuizaminiusuaiiolunduialudininsiia
(Chemolithotrophic bacteria) azanunselduonlunislulnsiuiiodunszhiwadinlld (Anderson
and Mavinic, 1993) d’mﬂizmumﬂum%ﬂLﬂ%’uLﬁﬂﬁmmLwﬁﬁﬁaiuﬂzjmaaiwim%aaﬂ%lm%
waaludleluaglusulumsm andunuaiidelunguemelslyflnazailunmluduielulasau 3

gj gj dy a d‘! Y ¥ U a A ! ¥ ! a A !
Wﬂﬁ@ﬂsﬂum@uu%SLﬂﬂ“U‘u‘lﬂ(ﬂ@Q@’]ﬂﬁJLLUﬂVILiEJﬁENﬂ’sjiJl@LLﬂ LL‘Uﬂ%LiSIUﬂ@NlUIG\iI%MWLUﬂ

=

(Nitrosomonas) Fsaziduseandladuanluile wazuuediselungululasuuanes (Nitrobacter) &
g duisidluwmsy Tulud1olulesiau (Beret et al, 2001) NNAUNITHINANALLTAUINITD
AnUisedaaiiasian pH anasiiadlisueulufegnitdnuasulululumse lneddaanlaly
WeanasonsAIUNIUNsanaswes pH asalulusyuunisgesuuuldonmafaisasiissuusneansiadl
a I o A 9 v ° a ° a a ]
Weatuax pH Meglussrumanzanlilyen pH andiasfuly winvinisdussuuuiunseld

<@ [ a aaa aa, [ a aaa all aa, [ é{
srozattunsiiuingIuIy 919aziauisenlunsindulasiinUjisentlunsindutunielu

° v v ~ a = I3 v a o Y

JeUU MiANLasalunITiuNUNeYYeITEUUAnaLIayY Feauiluanvg igadndiwinidule
(filamentous organisms) WaunTulussuy demalinznauassuazieneonainssuuls e1nTusie
(.n3e9dNA aaudulsa, 2547; Metcalf and Eddy, 2004) uanainiilladudus) Ninasausednsnn
N399IuveTEULgsenznoukuuldeInIA 1w SRT aaumngll Al dunsn-ane N1snIuREY
anwarauURvesnynoud Uiy Lag biosolid configuration U@y (Grady et al., 1999).

2) syuuinUangnaudluiungIsn1stasaaten1etinnwuuldannie

Y

S2UUUNUANELNDUAIULNUAIEITNISEREFAIINITININLUUIYDINA (Aerobic

!
= Y YU a x

digestion) Uusyuunldyaunideialdorniaddldoendiaulumsudiaanaudigaing ivniilu

' 2
a0

N159eNTATUANTBUNIENdosaa 1 lATINIAT AaRAUNTE

(Y]

noUszasAliaanIanznoudIuAuLAL

v
U =2 <

Flmznouiamuasii@u (McFarland, 2001) Wussuufivanzdmiunmsiivans nouansdunsona
Frudanudutulduininaufarududugeld iosaniduszuuiianmnsonivauldiuas
Usvavisnmeeudnemed lfindumiu dnuazaznouimnunsii desenszuiunsint (Nevim et
al, 2002) wenanidslivinliiAnszuuiitadumaiiuluvugyinsivadleteuisuiusyuy
$rdnnenaudruiudieisnnsdesaasnisdinmuuuldldennia (Anaerobic digestion) Yaduiidl
namaUsansnmvasssuuinUnngnoudluiunlgIsngasdalaniadininuwuulgennid lauwn SRT,
RIVEHE AR UNTA-ANY, NITAIUNAY, VUALALENYULIDINENDUAIULAY, §ATINITINY
29N%13U (Oxygen Uptake Rate:OUR) Wudu (Grady et al., 1999, Khalil et al., 2000, Nevim et
al,, 2002) TofvpazveldsszuuUNUARLNBUAIUNUAIITNITYD BEAEN T IN WL UULTB N A

LEAAINIAISIN 2.10
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AN519% 2.10 Wisuiioudenuazdoidevesszuutidaneneudiuiusiansdesaaten1esiann
wuulgdainaa (Metcalf and Eddy, 1991; Grady et al., 1999; Khalil et al., 2000;
Nevim et al., 2002)

Uof Toide
1. dn51N1TaNABIRILTITHMEI G 1. grydondanulituiy esnndesiinng
2. ¥rlafleananszuu (Superatant)iidn Wneneliszuy
BOD ¢ 2. feArutiugs
3. lalfinAumniy 3. Usz%m%mwﬂﬁiﬁwqwusﬁuﬁuqmmﬁ s
4. AanzneundeAudsiinimasings awise wazviinvesianildvhiafizen
luluansusuugenaunimaula 4. Lififing@anm
5. MIAIUANTEULIINLANEY
6. Anaaz1a
7. annsnandelsnuinminszuuuulioinie

Tnedlfag19va9szuutUnnesalull

® SzuUUSIYRULUUSIIUAT (Conventional aerobic digestion) tHuszuui
vhaumeldanzuuuldosndiaulunisdesaarenzneuiigumgiiusseinia viedrsgungiuas
szezanitlivhinisesnuu Fasvuuiasdivessuuiivhnsdounzneunuusaideuaslideiios ud
U liAnURAS o lussTedu (hitrification) uasiturarhliauanansalunmssesunsa
(alkalinity) neludsufisengninatvasdamaliiievanasnulume deuldlunisvinadiosain
AENOUAINTEUUAZNOWSY (Grady et al,, 1999) UafRanIUANsTUUNY AldaNeUIunaN

° izwﬁqéaaLLUUI%’@@ﬂ%LWU%&jWé (High-Purity oxygen aerobic digestion)
fagovaaesuuuldoendiauiigviidussuuidaiiondeeendiautigvsununisldorneily deuld
Hudsuuula wangduanine1n e LHedanagiieiiadnnsmiu vesdunidlussuy
Fefudsliesnunsldnuluvssmelng isgdeadoalddegunnlunslieiniauians ssuuil
ordudadaled maldhmdusiinseendiouneluds wiidesniduszuuildoondinuuiunamn
danaviilinnuduviunisanaswes pH Srdesas Fsdndudesdissuuauny pH neludsufisen
TviflenAsil (Metcalf and Eddy, 2004; in3esdni gandulsa, 2547)

®  STUUNNERELUUWMBSIUANAN (Thermophilic aerobic digestion) s¥UU
o w a oA vee v =i 2w o
ansandnansdunidngesaanglanefovay 70 NsveznaniuinUseunn 3 - 4 Ju lagagaiuay
szuulvidgaumgiiagluaig 45 - 60°C Lielviszuuiiusgdnsnmnisgesnnnlsiininududiuremgneuy
Uszanaiinngn 3% veaulia (n3eednh gaudulsatl, 2547; Grady et al. 1999; Metcalf and Eddy,
2004)

a A

UAse T nalnfnTulussuufgasnuunosluianaswanA199 1N sEU L au kUL

535UAN INTIENITRUTEUUTIDngTias URsentunsileduargndugiwazasiinnisdesaaleveanls
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seedngluan1zldenadu YinliaNuABINISeaNTRUTBISEUVARANLI DS s UL UNUSEU UUUY

(%
YY)

s33um usflevluszuuasfienaoudraduseglutie 7.5-8.0 ilesnnujazenluniiadugndug
Juilriuenluiflelulnsaugnuassooninsewinansgesamevinlianmanudusaneluszuuidis
vt fafunsiugduresfioriuasduiusfunnududureweilundelulasau dofovgeiy
dwmaliaudutuvesuenladslulssudfivgatunuluie dwmalianuaansolunssdelsa
raesvuULfindudae uenaindszuudidesuvumeslufaniuersasiiussuunislianing
microaerobic condition FaLduangiinudeinIseondiauvesssuuiinnniTmnaeendiaui

Wt lUTuseuu 108 wardavdevadseuuiagasnsnauwuuesiuian dswandlumisnai 2.11

a = = Y Y o YN a v aja
199N 2.11 L‘UiEJ‘ULVlEJ‘UGU'@@LLa%m@LﬁﬂﬂJ@ﬂi%‘U‘UﬂﬂEJ@EJ@]%ﬂE]uGUUWIsU@']ﬂ']ﬂLLUUL‘V]aﬁllwaﬂ

Y a
UBA

£ =
VBLEIY

L.anszezlianniniiu (HRT) wdeUsyane 5-6
U NIUSHINSUR09ana9 @N1508AANUBY
Weszmedrelausyana 30-50% lnalAgeiu
JEUUNIYYDAZNDULUUTTIUAD

2. danuanunsalunisanuuafisewazhala
wnndlefisuiussuudesnz nousiinldly
o AL uUieWan (Metcalf and Eddy,
2002)

1 azneufimnuanunsalunidntem (Daicser
et al,, 1998)

2. laifinsAdmanse11m3 N (Daigger

et al,, 1998)

3. Aldees

4. fosfimsmuemesiiifnduilosniinase

Usgansnmn1snnemoaniiau (Metcalf and
Eddy, 2002).

3. edsuizeninsmuanuduiioeaiud
LAEAIUANYUNANTEUUT 55 C ¥5889N319Y
o 4 d’l’ o = Yo !
ilianansoandelsa 1sa uazdus lagini
A1TEAUNINTIAIN BaleunnsgiuamnInid

2.4 syuuiigesaaniwuuaslolan (Cryophilic Aerobic Digestion) Huszuud
muRugamaiilutig -12 fa 30°C usazfignegiiuszana 12-18°C Fa3undnetnain Psychrophilic
sruvilldfuussmanuniinn Lildtuludsemalne Welildnadlunisifussuuiigumgli 5-20°C
wAvallAmanuIENIN gunll (°C) Auenyadnd (Ju) Useunm 250-300°C-3u (Grady et al. 1999;
Metcalf and Eddy, 2004)

dovaanuasduniduuuldenniaiidednaresn efiu duyui lifindumiy
AIUANTEULIY uardiUszAndammsianeidelsaninniinsdesansansdunid uuuladldenne
(Rao et al, 1993) pgralsinuszuudosaasuuuldenniatazlaviliiAinfe31n miiazause
inlulgussleauls wazdosanilsiennldanelunisifinenieluszuudneae (Bernard and Gray,
2000). 2MAa7 2.12 uansanneildlunisifuszuuuasdnuuagnoudiuAuildlunisfnwinig

govaarens@inmuuuldennia auaugamgiszuulugag 18-55°C Avaudauaiuasslugag 1.5-
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20 ¢/L waza1 v0uddlugivasasdunsdluindefioonainszuuaglugae 55-93% Fauansinain
sruunItiengnauduiuLuuldeInAvziinAIANaNnsalunsEesaavasaunsdluiudele
WnTu shewsnaillunate nuidednegldszuunisgesnzneudiuiunuuldornmmduszuuintn

Jewuneudngssuugasngnaudiuiuwuulianniesely

15197 2.12 @N12ENISLAUTESUUBASANYALYRINLNDUAILAUN T IUN1SANYIN1Sg 8 @a1a N4
Fanmnuulgeinia (Aerobic digestion)

Parameter Unit Zupancic et | Ugwuanyi et | Bernard et Khalili et
al. (2008b) al. (2005b) al. (2000) al. (2000)

Operating condition
Temp °C 30 55 18 35
SRT Day - - - 23
OLR ke VS/ m°-d 1.06 - 0.52 -
Influent
SCOD g/L - 8 - a
SS g/L 20 - 1.5-11 6-20
Effluent
SCOD g/L - 65% - a
COD % 55.4 - - .
TSS % - 51.2 - 49
VSS % 53.5 - 66-93 66

2411  nsUidangneudiuiiuaieisnisgesgantsnisdininuuulalyennia (Anaerobic
digestion)

nsUrnzneudiuiudiedisnisdesaatsnisdinmuuullldenniaiy 1Hu
3§mﬁﬂ%‘umﬁmLLazaﬂmaéummﬂaudauLﬁuaadauﬁazdﬂﬂﬁﬁmlu%umauqmﬁwLsziul,ﬁmﬁums
Vidfangnouduiuseisnstesaanenisdinimwuuldennia (n3eednm gaNdAulsa, 2547) N3
dovanearsdunisluannzuuulildornial Wunisdsusuansdunisludufedanm (Biogas)
Araensusulasonleiuavin intulnsendouuaiide 4 nau launlalaslafmuuailise (Hydrolytic
bacteria) WWOLMUWMTN 8xBLALadALUATILSY (Fermentative acidogenic bacteria) ox@latada
wuATILSE (Acidogenic bacteria) haziunnlulatauuaiitss (Methanogenic bacteria) (Archer and

Kirsop, 1991) %’umauﬁqguﬁ 2.2
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a ady o"
ﬁﬁﬂu‘ﬂiﬂllllmiﬁwu1

a AdA v Y
HASETOUNTINFUEOU

UfAsnlalaslada | Aeamsiowladnegnouensad
I J J.
(iOnTangars ou lsel)

a ad 1
TITDUNTYISINYY

g TauFa foatinuniiseaiansa
v 3 v
A ~
niavlesiin o 4 lolasounda | o
. sa lutiudug » Malalasiou
HAZNIADLEAN
= o I'd
Wi Tuuuda +msveulaoen lva
A A Yy A a a A Y A
wuafSaalimy Ty  upnfiseadiimy

Taeldnsnesdan uazasuen laeenlud Taeldlalasou

JUN 2.2 Tumsuveslfitenduaivesnistesaansuuulioinie

1. Hydrolysis
nssvumainiulasuuaiidelundulslnslafin Wasueyneasdunisluanale
Tnduzaalss waglusiu Wuasdunidlmanadndseaet wu e uaznsnosdlu s
Uiisemslelasladaintulaseordesuseufisomant WWud wagiea uaslusiion deadslae

wuaisenaulalaslain dauandugui 2.3

. Ri1-C

0 o

0 CH,-0-C-R1 CH,0H 0

] | Lipages ! 7 +
Rz 'U*G—(IJH + 3H,0 —— HO—(I_TH + R:"C\ _+ 3H

CH,~0-C-R3 CH,OH o

0 pel
Ri-C

\tj_

Triglyvceride Glycerol Fatty acids

Lipid
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H O H H|O H
Ly gllrsls gl |sllenlnly 72

H

| | //o ‘ H\ | //O
c— —(IZ—C\ 4= /N—(i:—C\
R OH H R OH

Peptide Amino Acid

Protien

OH OH H
Sucrose (C,,H,,0,,)

Sucrase
CH,OH CH,OH
H O H
H O H
OH H + H HO
HO @ CH,OH

H OH OH H
Glucose (CgH,,0¢) Fructose (CgH,;,0¢)
Sucrose

(%

JUN 2.3 uananislalasladavesansdunsdluanalngiduansduvsdiiazaneun
Tumoulalasladaiiduduneuiiroudisiuazuduneunisiindnsnss veaujisen anudives
Uffseztuiuladevaisusznis Wy anududuvesasdunsdniuasisiuresufizenad
Aududueulsy gamgll Moy Nunidudaszninaeuleiivansdund Aanudunsn-aves
W1 Wi vhlinandldlunmsdesaaneansusazadaunnsisiu (Elefsiniotis et al, 1996; nsu

AIVANNATY, 2546) Aauanslun1san 2.13

a o a a N6 a1
M1919N 2.13 LLa@N@ﬁﬁqﬂqﬂﬁiﬂ516?]3%@Q@Hﬂ’]ﬁﬁqi@umifJ%UWW'N5]

AUNIAENTBUNTE ansmslalaslada, d” 91984
Carbohydrates 0.025-0.200 Christ O et al. (2000).
Cellulose 0.040-0.130 Gujer W et al. (1983).
Proteins 0.015-0.075 Christ O et al. (2000).
Lipids 0.005-0.010 Christ O et al. (2000).
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2. Acidogenesis

Hutuneuiiuueiizelunguilenniniin exdlania wuaiide wWisuma uasnsnesily
Ju nsndunid (nsnezdfn) woaneges&ilau arsuaulasenles uazlalasiaudalnd Ujasen
Andunigludminliornia Tas 90% veswuafideludefAsendulunduuuaiioasiansa
(Zeikus, 1980) Faldun wu ANLIENA18NEUYBY Pseudomonas, Flavobacterium, Alcaligenes,
Escherichia wag Aerobacter nda1na1sduvsdgnuudadigiaduaiazgnilulfduwvamasau

Aea v a

way wiasAsvaulaerunszutunsutnagluwad Wasuansdunsonng wadlmdunsadunse

Y

a ) £

L9y ANSUBUBLARNLULAN 5 71U NSARLIRN NIALWIALaNN waznsnUINnsn tHudu

s o o ° U o aAda A

nszurunsnina1ely wadidAyund wivadidin fe nismdnnglaalulnginlaeriu 3ans

Fuadilisendn Emden-Meyerhof Pathway n3e3dilnalaladia (nsumiuauuaiiy, 2546)

fhetnawenszuunsinfiistuneluwad wu mawasunglaafunsalngin
CeH1206 + 2 NAD" + 2 ADP + 2P —  2CH; COCOOH+ 2NADH+ ATP (2.1)

naun1s 1 lua vesnglaa gl 2 Tua vesnsalwgin 2 NADH uag 1 ATP lngluufjisenasdl NAD?
Hush3udianasou uazidlesain NAD' fidrin Fedfesiiisuanuass H' eanain NADH Tnaneidy
NAD" vl e lviinnzdmurudididnnseunasnly

nsnlnginfiintuazgnoandladaely naneiduesiaiialaie (CH3COA)

2CH; COCOOH + 2NAD" —  2CHs CoA+ 2CO, + 2NADH (2.2)
oviwilalaLeay gndevamesaly nanedunsnesin wioutunisaina ATP fail
2CH; CoOA + 2 ADP + 2P  —— 2 CH3 COOH + 2 ATP (2.3)
dlosawaunis (2.1), (2.2) uay (2.3) Waeeii %lﬁﬂﬁﬁ%m\la%mum%’uﬁ
Ay soidall
CeH1206 + 2H,0+ AADP+ 4P — 2CH;COOH+ 2CO; + 4H, + 4ATP (2.4)
szwiuldinsgesaansuwuuldldoiniavenglaa 1 lua agldinsnes@fn 2 lua arsueulaeanled 2
Tua lelasiau 4 Tua uaz ATP 4 Tua viedl UjATenvesaunts (2.4) asifatunieldusseanied
Telasiauilanusumg Weasunnwintu (NsuAUANaTiY, 2546)
3. Acetogenesis

Hutuneufinsnlutuuazioanesesgnivdswdu exdieom lelnsiau uazansueulasonled

TneuvediSelunguosdladia wuedidelunguifaginususuuuaiiselunguasiefiuy Wesnniu

a IS Id a a a s =
pounitsilasussdwmnidunsalusivlielia nsadalnsa Lazieaness azanaaninssuull
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lelasiaudalidgaiuly JsuvafiGelunguaiisfinuazdisanmududuvedlslnsaudalid e
msdsuldduiinu (Grady et al, 1999)
4. Methanogens

ludunoutlosiion arsueulnoenled uazlelanaudalus mnduneuiiany axgnuuaiizelu
nauamlunialfiearsfeing tuseunsaidinuuiseentdiuansszuu Iuamsaisding
wazAsvaulaeanladlagldnsnesdfin wazailimulasldlalasaudaliduazasvaulao anles
TngUszanmasdluauvesvasiefinuiifisiuinn nduneunisadsfimuasldnsnesdin loe
waiFelunduassdimuanninesBan fuanduzud 2.4 wasfswmidduauvosfefivuiifniu
winduildlelasioudalnduazaisueulaoenles (Gujer and Zehnder, 1983) fauansluaunis

ANUAS

WUATLSYATSHIUAINNIADETRN (Acetoclastic methanogens)
CHsCOOH + H,O ——» CHq + H, COs

Methanosaeta concilii

JUN 2.4 uananguuuaiiseaseadliivuaInnsneydin

wuafiiseasstimuainlalasiau (Hydrogenotrophic methanogens)
aH, + H, CO3 ———»  CHs + 3H, O

sunuuszuvUanenaudiuvmgiinstesaaemaiinmuuuldldeinie
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TullagtullegmufiunalsJUusuunisgasidenauad kazn1silseuiieutenvaidevas

Y Y

'3
v a

dmgnuuuldernestnnieg Tun1sei 2.8 (inFeeding gaudulsal, 2547)

9

) Fmdnaiadnsiiidas (Low rate anaerobic digester) n3odamdnyindnsivialy
(Standard-rate anaerobic digester) Hudminluienfivminfidesnzneudiuiusiunaindu
pzneudmAuLazueniila ngnoufvazgnawndafmsindusseey ordlideides 1wy Fuazads
vionansq Yusonds Wudu dminedadanidadniugiuuunisdesameuvulalldenmediing
fian wozalddglunisdeatuasiussuumiigalussndmintSermaiomun Uewell, Kabrick
et al.,1981; Jewell, Dell-Orto et al. 1981) fwmdnuuudnsiunfagliifinisniungneu vselviay
Souneludanin ilsiinsutsfungnawintuneludadu 4 u fuandluzud 2.5 16ud 144
frnauany (Scum layer) I fuvesvanmavioduiila (Liquid/Supernatant layer) Il Fudosnzney
(Digesting sludge layer) uag V. Funzneutidesuda (Digested sludge layer) Tnenzneufigesudiny
gndesiadudeniuila Weliivsinasislufdmiviunznauiudanlml vilfnadntives
dandndeedatgauszana 20-30 Ju ludagdu Fonafindnanismrdasidlidufiden snu
dmdulssditatndevuinidn wesandnsinisfnfiied wardszezinaidntiuiu
(Metcalf&Eddy,2003;Qasim,1999;Turovskiy IS et al,2006)

Gas outlet
Gas
Supernantant
Scum layer returned to
“““““““““““ secondary treatment

Supernatant *
Thickened
sludge Digesting sludge

Digested sludge

Digested sludge to
dewatering

5UN 2.5 damdinelindnsnidns (Low-rate anaerobic digester)

2)  dwinyilnenIni19ngs (High rate anaerobic digester) Hudaminfifmuianainds
winuuurnsnsidas laeaziinsniunieluda wWisliAnnsnauiuvesmzneudiuiunisluds
Ufjiseuuvanysal (Completely mixing) wazdiniinislimnuseunnngnaunieluda é“ummﬂugﬂﬁ
2.6 nm3muiiwasinlvinzneufuuardunidneludsilonadudadiusgrsibe silviAansdanses
melufaAsetiossnn uardwmalinsdesaasvesngnoufuiatulfiss uasdidnsinsidaiige
Aidsuuuwsn sauTszeznatminiTesniUssana 10 Yy vhldvwsvesdmshuuuiitvwn
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BN mTNLUUSRIIUNRLIN WBNIINTU STUY high-rate anaerobic fadussuudianuisaan
szezaniuin (HRT) Windszansnmnisdesdatsniesdanin wavszuuiiaanuasiauaniu
(Turovskiy IS et al, 2006) upnanil dsgosmenourindninisidngsssiliiAnngnouqduvidas
wazdunszurunstosmetanmuuuldldormeafianansatndsudanmanmsuSuaiesinge
ndusnldlmildegnaliuszansam nmsiduszuuidesnznouriadnnisiidngs Sudusgreded
svfesmilafanisifunznowdiszuulideioasdnesarauthvewmznoudissuudesiianiy
drinane Weshwanvvesssuulinsiuazdiean Shock loading fienaazifintu Inslawizegnads
delilvinadenisairafiimuvesuuaiiFolunguilmuludia (Methanogenic bacteria) #28
(Metcalf&Eddy,2003;Qasim,1999;Turovskiy IS et al,2006)

Gas outlet

Thickened

sludge
E— Heat exchanger

Rl

Digested sludge to
dewatering

Active mixing

5UN 2.6 daniinelindnsnindngs (High-rate anaerobic digester)

3) degaauuudnsgiiiinisuenazneu (Two-stage anaerobic digester) 1Judgos
) Ao o a Y g e Y2 o 1 o ¢ a =~ o
WUURTIgeRdlea 2 ga lugui 2.7 wanddiiiudanisuenazneuadnioanamnasdogadndynil 2 Fui
Wenunsaldadnigesudininiududuaiayaastianingnounuiuasgsi
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. /L —* Gas
Gas Gas
»ﬁ.& Y > Supernatant — Supernatant
< Digested
WA AL » heater sludge
. ~ =
Lv Digested Sludge
Stage 1 Stage 2

JUN 2.7 dsdesuuudnsngeniinisuenazneu (udu damaliagd, 2542)

2. fwmdnwuudsuna (Two-phase anaerobic digester) 1usyuufifinnswandanin
ooy 2 daunde 2 dsnudnuarnsinuvesuaiiFeuuuldldennia earuazainlunis
mvANanIskInselivIzaniuLuafiseudazytn I9ihliussansnmlunisidansnaudiuiu
vosuvafiSoustazadatuiugdumuluded dagtuutsesndu 2 svuu WWuAdmiinuuumanse
(Acid-phase anaerobic digestion) Lagaandinuuuiaaunnil (Temperature-phase anaerobic
digestion) WiapsszuLinguazasdifiowdsungnoudmuluidufeianm fmdnuuumanse
aatunamdnnsii wedidelunguaiensadimaaigiuladiniuuediSelunguadaiuny
oﬁ’qﬁ?uﬁﬂﬁgﬂLLUUﬁuaqé’aUﬁﬁ%mLmuw\lamﬂ fausnagdlvunadnnidfzenfaestaduduiazen
fwuaiiBelunguisiimuviaueg (Ghosh,1987; Zhang & Noike, 1991; Skiadas, et al.,, 2005) s
uamsluguil 2.8
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recycle for interphase neutralization

mixing gas Y gas
_ separator 1l
acid separator I} [~
reactor Y ) ffluent
— Y ethane > __?. uen
feed — 1 reactor

Solid recycle \. Solid recycle \

waste
solids

waste
solids

JUN 2.8 daminuuuaesnaviamlansa (Tudu daumaiansl, 2542)

dmSudmdnuuumagungll aelideliiseraewisieaunsuiuduiierfiussuuinanse Tagdausn

a I

wuuagamgilszaluaulvigamgiegludiunesluiiaa (Thermophilic temperature) fafid@aagn

mvauguniilvegludieillailia (Mesophilic temperature) Wwalsan1aq azgniinatgludensn

=

wipnaswemstouigiinass lutgtudminuvumagamaiidieudnldivedesnzneuainlss

HWaAWL (Dugba, Zhang et al. 1997) ﬁaLLaWQIugﬂﬁ 2.9

Gas Gas

Thermophili

1

Influent

Effluen%

Temperature Phased Reactor

[ %

Ui 2.9 dwndinuuuasalaviiauiagamgil (Temperature-phase anaerobic digester)

CaN
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A195197 2.14 Wisuisudenuazdelduvesnaminuuulaltoiniawiia Single-stage way

Two-stage ¥NLUSEUWEUAMUNITAMNUELUNNTADATINIENUTITEUULUY Two-stage I8gININTLUY

. A 9 a ) I o A Y v o W ° A a
LbUU Slngle—stage Lu@ﬂﬂ?ﬂuﬂqiuﬂﬂﬂﬁ@@ﬂLﬂua@\iﬂﬂLW@TV]LSU']ﬂUaﬂHm%ﬂqiﬂqﬂqusﬂ@QLL‘Uﬂ‘VILiEJIu

nquasense uwaznuafiselunguaiialmy uimniguludun1sifiafiedanmuas aswudl seuy

WUU Two-stage $18M51MSAAMITINIMENNTT UAAIUANTZULEINNT

A15199 2.14 Wisuifisutenuasdeidevestaminuuuldldenniaviia Single-stage uay Two-stage

stage

- fimsnuegnauysalngluszuy

seuugpswuululy 49f JoLde
91N"7
dandnuuy Single- | - matiuszuuliigeen -4AnNS short-circuit 3uluszuu

$1Un wanUsuiansnaudign
sgvvuniAuld denale
Uszansnmlunisindanneu
YDITLUUANAY

—amnwwﬁwaaﬂﬁﬁwga Wle
Wi uguAUaIRInLUY Two-
stage

- USinafedanmiiniuainns
SR GGARY P RFEATE I IRIRIL Y
Tonmavindu

- Tsvaznarlunisgesnaznisiiu
fnunnninssuudy




-34 -

A15199 2.14 W3suiisutennazdeldevesnaminuuulalteoiniayiia Single-stage wag Two-stage

Gh)
seuvgasuwuulily Uoh UpIGE
91N
fanglnuuy Two-stage
1. Serial CSTR | - AafanniiAnduiuiunmannndd | - mindeufaserlunsndauialng
(FsUfiomiloutu | szuv singlestage wa v two- | ni1 awiliinnisavauvena
GRNNIRENTRTTa) phase dunIdsuieiraluszuy
- pgnauvdeainmigesiiauns | - stuulidesiiiadesnim esan
g lidenisiasuuyadyes
- AN SAZANYEINIADUNTOSTINY | EANLIAGDN
fneluszuue
- faufATenfiaesanunndesaansld
andfausn 1lesainguuuy
arsdunIsidnduarsdunidn
ansndovaalslaing
- @111505Un132UsINNVR LTIl
inninsEuLdy
2. Two-phase | finsusnifenunadideaiensanay | iani1ugeenlunisidussuy
(FeUFATefiunncng | wuaiBeareding silisyansnm | esaindeadinisaruauiionly
fugesdiwioruiuty | lunsdidenzneuiinainiu dwa | azneulimunzausenisadayivia
TBmafetinmfaiutuie | vesqdunis

2.4 Yrieanszuununtuuliainie

Tussuunisgeungnaudiuiuuuulidldeinia (Anaerobic digestion process of waste
activated sludge) aziimsuendutunznewiuTuneluds Sedutila (Supernatant) {udufiay
gnUdespanainszuvlusuiuuresiilalneddnuuzantiduanddunsed 215 Afaveauds
wyIUaBY (SS) Useuna 1174 mg/L , TKN Ussunad 725 me/L wonluidelulnsiau 553 mg-N/L
uagwWoanm 103 me-P/L waga1 Total Alkalinity 12,500 meg/L as CaCOs %ﬂﬁausﬁ’mqq uanalifiiiy
hsvannsnasiiunsnfiinuldd venaniansemssuvediulsig uaslearleda fioonanniiisly
szuvgesnznounuyliennia finnudududeutregs Fsesduliamedisannudessengunasiu
1A555977 (Receiving water) 99nn13AnwIes Gachter and Imboden, 1985 s¥yiwinuaes

(%
a

Uanianuntuveseanasaiu 0.03 me/L azvilnddgminisaiydulavesiivtiiuinitung



-35-

wIaiinUINgN1s0ikeadugu (Algae bloom) fatudsassinsindmindeainsyuudesnznauwuulyl
1dane (Supernatant) NeuldegeangunasdlsssuyIA

A19199 2.15 dnwazautRvesdila (Supernatant) 9nszuvgpnznauLuulillgena

(mg/L as CaCOs)

Parameter Range (mg/\) Typical Value (mg/L) Reference
Suspended solids 143-2,205 1,174 EPA, 1979
Total kjeldahl Nitrogen 306-1,144 725 EPA, 1979
NH5-N 253-853 553 EPA, 1979
Total PO4-P 63-143 103 EPA, 1979

N - 3100 Wahal S., 2010
P - 484 Wahal S., 2010
Ca - 1,547 Wahal S., 2010
Fe - 182 Wahal S., 2010
Cu - 27 Wahal S., 2010
Zn - 14 Wahal S., 2010
Electrical conductivity - 16.4 Wahal S., 2010
(dS/m)

Total alkalinity - 12,500 Wahal S., 2010
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ad =
VN1IANYN
3.1 AZNDUAIUNUIINTZUULDLDE

ALNDUAIULNUINNTLUULDLOE (waste activated sludge; WAS) Iumiﬁﬂmﬁﬁwmﬂﬁu
Fretsndannnznoutud 2 (secondary sedimentation) InsruLeteavedlsinundninsnay
Tudminuassvdun SaduszuuieleauuusTsunTea3uNITEUTIVNANTBUNIE 2-3 keCOD/m>d
UsganSanlunisindna Total COD unnnIndesas 95 ¥iN15AUATBE199INTINNALABUIIUIU 600
ans uaziivinulilurondugunadl 4°C iednwian muazlfiludedenznoudruiunase
nsfnw Faidneaynaaisaznonwlunisinseidesdunanslunisiei 3.1

al ) = P! 3
AN57199 3.1 ANVUSNINITNNLALLATVBINENBUN LY IUNISANEN

Parameters Unit WAS

pH - 5.1-6.9
TCOD mg/L 7,157-9,566
SCOD mg/L 94-296
BOD 20 days me/L 646-780
TS me/L 6,273-8,420
VS/TS mg/L 0.46
TKN mg/L 52-650
Total Alkalinity mg/L as CaCOs 119-564

3.2 Wrisannszuuunvatiannie

fhegnafianinszuy UASB iildlunsfinuniliduthiisninssuu UASB Aifimsifiussuuaiefing
U39 Luefaans1y 91in 81neasys Ymdauassvdun Gidusdiuaudnats 23 mga 11 m
YUINAIUY (working volume) 3,428 m?® LAuTEUUAIEINTINITING 150 m*/h USAAIUUUYEY
szuv UASB uduildlunsuenfie@anin vhnisifusedraihdadeldlunsfnuuinusa
Inaduvesdaufnsal UASB nevhnsiiuietnsadsazyszana 3 m? wazthunfiufnuiivondy
gaumad 4°C lusminerdemealuladgsunidouinnldlunisdnulugameassuuunzifieAnuie
COD Fractions wagA1 Hydrolysis Kinetics Imagﬂ‘ﬁ 3.1 wandnuazvedsufnsel UASB wazqaiiu
ihdufieldlumsinwuazdnumusmanmenimuaziaiivenifisanszuu UASB uanslunsadi 3.2
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v v
o Aa

(n) dnwaurveiaunsal UASB () 9AfiUINTAIINTZUY UASB

JUN 3.1 Snvagvesdafinsal UASB wazgaiuinde

A15197t 3.2 Waste Activated Sludge (WAS) and Anaerobic Effluent Characteristics

Parameters Unit Anaerobic Effluents
pH - 7.8+0.42
TCOD meg/L 1,234+500
SCOD me/L 343+65
BOD, mg/L 154+54

TS meg/L 1,323+76
VS/TS - 0.37

TKN mg/L as N 250+46
Total alkalinity mg/L as CaCOs 1,974 £91

3.3 msfnwuvunglussauesuinnag

YanaaauUNeLieAnyIUTEaNEA NveInsrUtunsUUalewiu Ineiin1sinnsgunsalds
wanslugu 3.2 lagldviaguausvuin 300 mL waglATealveg 150 rpm Ngungil 35°C
Usgnaudienisine 2 dauvantaun

3.3.1 NMSAN®IUSLANTA MBIz UUUIUAUBIAUA78 Ca(OH),

vmsanwlaglingnoudiuiudiuau 200 mL 1w 5 yansveassidnnsuiuaiiei
wANA19iuUSENBUAY 8, 9, 10, 11 way 12 AUaIsu LLé’aﬁ']Lwh;mﬂ'ﬁmaaalﬂLﬁushﬁnméfuﬁaﬁ
199 1A 0.25, 0.5, 1, 3, 6 waz 12 Halus wdniludinsizimean COD Fractions wae Hydrolysis
Kinetics siolu
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gﬂﬁ 3.2 YN1INPaRILUUNE (Batch test experimental set-up)

3.3.2 NNSANYIUTEANSANUe9szuUl AL U8 Ca(OH), Saufuiinfsanssuundnls

RRIARIG!

nsAnwlagldngnouduiiudiuiu 200 mL 91U 7 YANITNARBIRITIEAEIBEALUATT

#1 3.3 lngyan1snnaesil 1-3 (R1-R3) LWifin1susuan pH waziinisusuaiilesnznaudiuiuyseunu
12 Tugan1snaaesil 4-7 (RA-R7) warrudyan1snaassluingrivandudaninuizauiilaain
nsanwlumite 3.3.1 udhldiesigsinial COD Fractions, Alkalinity wag Ca-Hardness sald

A1519% 3.3 N5ANYIUTEANS ANV UUUIUMUBIAUN 28 Ca(OH), SAuAUE9aInsEuUntInts

B1AA
Process Recirculation Ratios
" pH adjustments
conditions WAS (mL) Anaerobic Effluent (mL)
R1 100 100 -
R2 150 50 -
R3 50 150 -
R4 100 100 pH 12
R5 150 50 pH 12
R6 50 150 pH 12
R7 200 - pH 12
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3.4 COD Fractions

N153LAS1EYAT COD fractions Bn1sAN®IlAEN1SATLloANIMuA (Total COD; TCOD) hu9
panilu 2 drundnfe 1) desaaieni1aBiniwla (Biodegradable COD; BCOD) way 2) gouaans
mennlaile (Unbiodegradable COD; UCOD) fis3uil 3.3 waziisneazidendiasialuil

(

Biodegradable COD (BCOD) #inn153tAs1z%lasn1511A7 BOD 20 Tulunznaudiutiu
frugunsal OXTOP-C® fananslusul 34 Fafunisimsigidiomainves
Resprirometric Method wieliiAnarnuudugilun1sinsiziia BOD A1 BCOD Tu
nsfnuIgnutseanidu 2 diufie 1) Adledidesaarsldiiamdedruiiazars
(Soluble biodegradable; BSCOD) laun153tA51%#AT BOD 20 1UvU04A108190¥N0U
duiuiiazaneth uaz 2) Adledidesaanslddmsediuiiliazarenn (Particulate
biodegradable; BPCOD) lagn153tAs1z7AT TBOD 20 TutedfiotunznaudIuliuauy
#28 BOD 20 Juvesiegangnoudiuiufiazatetn (TBOD,o-SBOD,0)

Unbiodegradable COD (UCOD) fuiam1ana1 TCOD — BCOD wuseanidu 2 d@iu fe
1) Adledfidevaarenisiinnlalldaiufiazarenin (Unbiodegradable soluble COD:
USCOD #1u3aua1n SCOD-SBODy, wax 2) Ardledfidesaansluilddiuiildazasi

AN UCOD-USCOD
( Total COD (TCOD) >

Biodegradable (BCOD) { Unbiodegradable (UCOD) J
I I
A 4 A 4 A 4 A 4
Slowly biodegradable, Readilly biodegradable, Unbiodegradable Unbiodegradable
particulate soluble particulate soluble
(BPCOD) (BSCOD) (UPCOD) (Uscob)

J

5U# 3.3 N3uUeen COD fractions YoenznaudIuLiu
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5UTl 3.4 gunsaldmiuTaci BOD 20 Fu

3.5 Hydrolysis Kinetics

Tuannzgumaiinazar pH AsfiufATens hydrolysis aziAnaun1sANUFLTLSLUY
UFATETuT 1 (1% order reaction) wileiUdsu PCOD Trinateifiu ScoD Fslunisdnunilléaunis
AuENTUSLUY 1%t order reaction WaReRELn1ST 3-1 (Vlyssides et al., 2004)

d(CoD)

e k(COD., — SCOD) (3-1)
19g SCOD = soluble COD concentration, meg/L;
PCOD = particulate COD concentration, meg/L;

CODy, = nonhydrolyzable COD, concentration, mg/L;

COD.. = maximum theoretical soluble COD, mg/L = TCOD)

k = first-order hydrolysis rate constant, h™’.
naunsit 3-1 Uszneusefudsiilinsiuasiuu 2 fudsie k waz COD.. lun1sAnwiwhnis
Faguaunislusdiiiolsioglugy linear equation Tnennsndemnsinanudusiudsening @ way
(t/SCODY?) vhlsldanuduiusuuudunsivisaunisd (3-2)

(t/SCOD"?) = A + B(t) (3-2)

Tog@  COD. = 1/(6A%B)

k = 4.8387B/A
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3.6 YanaavsszULgasnsnauluuliana

Nsfasaganaaet o eaAsiaseslie 4 unninendumalulagasun’ nsfinwriinisiv
F0E199ZNIUAINTTUVUIUAUILESLUUAZNBULTY (Activated Sludge Wastewater Treatment) LiVe
Uit degnavingsy kagyinn1sAnAIYAMARBIvEIAAULUUAIIUN 3.5 Usenaume

WAS

Alkaline pretreatment : \JUSSFURANIUNANAI8ANMEITOU 150 SBUARBUNT LAY
STUUAILAT pH dndiunisnaudlfsanseuunminliennia atduda Nilanumanyeu
FalannImaasanuuny (Batch test experiments)

I— Supernatant Return ~————

Effluent

Setting Tank

Ca(OH)2

9

10 11

3 7 Methane Measuring
Pre-treatment Anaerobic Digestion = @ — — — — — — — — — — — — — |
(1) - Mixer (2) - Feed Pump (3) = Mixer (4) - Draw Pump
(5) — Ca(OH), Powder (6) — NaOH 3% Solution (7) = Measuring Flask

JUN 3.5 NsAnRIsEUUYanAaeuUlionA

Anaerobic Digester : favinauauaand1Ng 15 ansiiussuumetaliunsiniu 10

Tu wuszuusaileadussezing 6 WeulioAnwussdnSnnuaziaiesnnuessyuy

goumznouluuliannie

Methane Measuring : ¥nn1sianedinuilinainssuvgsensnouwuulivandiauniy
a3 )~ v o e A [ = ) ¢ s ¢

nsunuinid leedinisanduieaue) laun wenlude lalsiudalid asveulaeenlas

AEKg Ca(OH)2 uazansazay NaOH 3%



3.7 38n1591A129A29879 (Analytical Methods)

A5199 3.4 WNRDSHATITNNTIASIZI

- 42 -

Parameters Methods Equipments
pH pH meter pH meter
DO DO meter DO meter
COD Dichromate reflux Titration
BOD Dilution method BOD bottles
BOD20 OxiTOP-C®
TKN Marcro-Kjeldahl Titration
NH3-N Nesslerization Titration
MLSS Dried at 103-105°C Oven
MLVSS lgnited at 550°C Furnace
3.8 agUTURBUMSANY
Preliminary Study
v
Batch Study
: | !
Variations of WAS : Supernatant Ratio Variations of Contact Time
| ]
v
Optimum Condition

A

y

Experimental Setup

A

y

Cond

Variations of Operating

itions

v

A

y

v

Sludge characteristcs

Treatment

Efficiency

Biogas Production

5UN 3.6 asutunanisaniiun1sidy
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undl 4
Nﬂﬂ'ﬁﬁﬂﬂ'ﬂlfd%@ﬁﬂiqﬂwa
4.1 ANYUZVDINZNIUAIUAUINIZUULDLDE
4.1.1 an¥aENINNIEATNLAZLAT]

AENOUAIULNUINATLUULDLEE (waste activated sludge; WAS) 1umaﬁnm5v‘hmnﬁu
Fretsndannnznoutud 2 (secondary sedimentation) Mnsruueteavedlsinunaningnay
Tudsniauassuann dnssrdnvasnnisnmuazed fisvazenuanslunsed 4.1 wuii
9n37d7Uve3 TBOD/TCOD Uszanad 0.2 kansnan3dun3dluguves TCOD finsgogaateniadnin
laAaud1sen Lwﬂumuﬁagﬂu’gmmmiazmEJEmJWiaeiaaamsmﬁ’amwiﬁﬁ FansAnw1ued Deng
et. al. (2006) 5¥Y319M51&@3U BOD/COD >0.45 13’“1L?iammﬁasiaaamsmw%amwlﬁﬁ; BOD/COD =
0.30-0.45 \inn158e8aalen1e@InINlaraudn9R; BOD/COD = 0.20-0.30 @nu150808da1enIegnIn
1§ wazdntiosnin 0.20 drdetulifamnumnzanlunisdesaaroniedanim wavilewIouiieu
Snwaizmaailves WAS lunisanwmaunasnisanundssazBonlunsned 4.1 wuin WAS filélu
miﬁﬂmﬁﬁﬁﬁmﬁau TBOD/TCOD Gﬁl”mdﬂuwmamiﬁﬂmﬁmums’?ﬁmﬁ]ﬁmm&;mmmwznmﬁﬂ
Auludafuornefadunuudana (extended aeration activated sludge) vhlannislalnslada
ypaaddunidluduiveimanazdinnagnou ursgrslsfnuilofiansanludiuvesdadiua
voaudaszimedne (Total volatile solids; TVS) servasudaanunanuiniidndiuves TVS/TS wuinil

a e

ANRAUVINAU 0.46 WANIINTUALNDUAIULAUTLUAULYDIUS U UENTDUNI ITIE1U1508D8FAEN

Finwliusiegluguvedadudinlng

4.1.2 dndrur@laf (COD fractions)

nsfnwdadiudt COD TungnaudiuAuainsyuuieloa (WAS) fiinguszasdiile
Uszidlumnuanunsalunisgeaanenisdinmussansdunidly WAS Tnsuusdndiue COD saniu
4 du Ao () A COD Tidepaanemadinnlailduazeglusuansuriuassuazaoaasss (UPCOD), (i)
A1 COD figavaatenistinmlailiuazoglusuarsazats (USCOD), (i) A COD fgapaatenis
Fanwlduazeglusuarsuviuassuazneaassdnieaisdunidiinnisdesaaienisdanwldd
(BPCOD) uaw (iv) A1 COD figesamemstinmlsuazegluguansazarevideasdunisiinnisees
aaneynadinmleiss (BSCOD) famanisinwiluguil 4.1 wudndn COD fidnduilianunsadesaans
n1sfanwgedalszanmuenay 79 vesAn TCOD fanunlu WAS Fadaifu USCOD wag UPCOD



- 44 -

winfudesar 2.9 uaz 76.1 audifu daudn COD Agesaaemsdinnlififiosfosas 21 vorn
TCOD winifu FsAau BSCOD uay BPCOD wiiudosas 1.5 wag 19.5 983A1 TCOD Audfy 39
wuth WAS §i inert fractions TutSinagsansdunidandugluthideTsdosaaenistanmldliasn
ﬁadauﬁéaaamama%amwé’qa%ﬂugﬂﬁaiaaamﬂ%”uﬁumﬂmg

AN9199 4.1 SNVULNINENNLALLATVBINLNBUN LY IUNISANEN

o . MENOUAILANIINNTANYIDY .
WEHLRD3 MSANYL

Excess Sludge 91989

Lin et al. (1997); Browski et al.
pH 6.9+0.1 ) 6.1+£0.3
(2007); Nges and Liu (2009)

Lin et al. (1997); Nges and Liu

TS (mg/L) 10,150+410 7,899+657
(2009)
Lin et al. (1997) ; Nges and Liu
TVS (mg/L) 7,643+£118 6,556+543
(2009)
Lin et al. (1997) ; Nges and Liu
TCOD (mg/L) 11,905+238 8,456+324
(2009)
Lin et al. (1997); Nges and Liu
SCOD (mg/L) 251437 245+41
(2009)
TBODy (me/L) 5,417+245 Chen et al. (2007) 1,746+156
SBODyg - - 130+32
Alkalinity
512+44 Lin et al. (1997) 496+56

(mg/Las CaCOs)

Lin et al. (1998); Browski et al.

TKN (mg/L) 409 554+89
(2007)
Lin et al. (1997); Nges and Liu

VS/TS 0.75 0.46
(2009)
Lin et al. (1997); Nges and Liu

SCOD/TCOD 0.02 0.03
(2009)
Lin et al. (1997); Lin et al.

COD:N 29.11 15.26

(1998); Browski et al. (2007)

Chen et al. (2007); Lin et al.
TBOD/TCOD 0.45 ' 0.21
(1997); Nges and Liu (2009)
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TCOD
8,456 mg/L (100%)

BCOD UCOD
1,746 mg/L (21%) 6,710 mg/L (79%)
I I
v v v v
BPCOD BSCOD UPCOD uUSsCoD
1,616 mg/L (19.5%) 130 mg/L (1.5%) 6,465 mg/L (76.1%) 245 mg/L (2.9%)

l
[ |

sUT 4.1 dadiuvesrndlenvenznaudiuiu (WAS)
4.2 fnenzUdnNeaINszuy UASB
4.2.1 SnuaENaNIEnInILazLAdl

1111931n52UU UASB flianududuresansdunidvtonnalulsunaroutiadaenumd
lafvianun (TCOD) agluaae 594-1,494 me/L Adlesiazateul (SCOD) 294-574 mg/L Aadnuay

1%

YeeundeFunandlunisned 4.2 wui1dnsidiuves TBOD/TCOD Useana 0.29 uag SBOD/SCOD

=

Uszana 0.50 uanainansdumidluguves TCOD dinsgegaaneniadininlaeudisenn uwiludiu
aglusUresansazatsaunsngdouaalen1eiininlan Fen15@nw1ves Deng et. al. (2006) 53y
§n31d2u BOD/COD >0.45 Yidsaunsatosaanoniaganinlda: BOD/COD = 0.30-0.45 tAnn1S
gouaa1en1931n wlaAeud19s; BOD/COD = 0.20-0.30 @11150808aa18M19830 Wl wazatas
171 0.20 Yadetuldfianunzanlunisdosaatoniadanm waglunisdnednudadiuves
TCOD/SCOD wasUsyuna 2.41 wansdeualduvesasdunsdluguuviuasy (PCOD) ADUT1ES
wagdlan TSS aglugag 350-1,050 me/L Snvraiiofinnsananududuesawealuslulasiouluie
N3 UASB Aoudnegs Fuduanvmuassingmsaiginsfiaduluuvasils uasidefiarsan
dndruves TBOD/TKN waz BOD/NHaN fa1tfasnin 2.5 waz 4.5 aua1diu $901un1sineves
Grady et. al. (1995) szq’jwﬁwﬁﬂmmzw UASB LﬁaﬂwﬁﬂﬁwLﬁﬂiuqmamﬂﬁuLLﬂﬂﬁuﬁwaé’ﬂ%
AnanizraneauLndsaiueulunszuIuns Denitrification SnitadiAn alkalinity Tuguvas HCOs
uay CO~ Aputnegeanusavtililossuninlutingu Ca® ansnnmenoulditunarannanasiiu

NIAINNTEUIUNTHOTIALAULTALA
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Parameters Concentrations

1. pH 6.5-7.8
2. TSS (mg/L) 350-1,050
3. TCOD (mg/L) 594-1,494
4. 7DS (mg/L) 300-750
5. SCOD (mg/L) 294-574
6. TBOD (mg/L) 227-385
7. SBOD (mg/L) 180-252
9. TKN (mg-N/L) 85-267
10. NHg"™-N (mg-N/L) 77-259
11. NOs-N (mg-N/L) <0.1
12. NO2-N (mg-N/L) <0.1
13. Alkalinity (mg/L as CaCOs) 1,906+245
14. TBOD/TCOD 0.29
15. SBOD/SCOD 0.50
16. TBOD/TKN 1.74

4.2.2 COD fractions

NP9 4.1 Y1unUseiiiudndiuyesan COD Tuuniaanszuu UASB wulina1 COD i

dnduitdaiuisagasaanen1aTinmlaussunad 73.6% v99A71 TCOD Manualuinfanssuy

UASB @s@nLdu USCOD wag UPCOD iU 17.9% wag 55.7% a1uaisu @iumn COD figesaans

Madinnl@lifies 26.4% vo3a1 TCOD wintlu FeAndu BSCOD way BPCOD winfu 16.6% uag

9.8% ¥®4A1 TCOD MUAIAU faT1gazidgalandlugud 4.2 9NHanIsANYINUINUINRINTEUY

UASB 4 inert fractions Iuﬁmmq\‘imiauﬁﬁ

ulngluiidedsgevaarsnedinnlalufiiosnn

a1sdunidarulnggnidnlulussuu UASB udndioununlduadn wAS Tudedudslidunisiiy

a a6 1 1
AMseUssndunsduazlulasaulnagndla

q
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TCOD
100%
BCOD UCOD
26.4% 73.6%
I I
v v v v
BPCOD BSCOD UPCOD uUSsCoD
16.6% 130 mg/L (9.8%) 55.7% 17.9%

5UN 4.2 dadiuvesrndlenveninfeninszuu UASB
4.3 nsaUsEANSAINN1SERenzNaun28 Ca(OH),

n1sfinUszansaamnisgeenznoudie CalOH), Mn1sfnwrluganeasaiuunslag
wUsWABuAT pH waznaduda Weusyiiuuseansainlunisiiudn SCOD wiodndiuansdunied
a1u150888aa1en19TInanlddne (BSCOD) Armsfinisvamansveinisialaslada (Hydrolysis
Kinetics) wazdnarudlomitoUszifiunuaunsalunisdesaarsniadinmuazarsduds lned

nuazdunsInaluil
4.3.1 Yszansnmlunsiiuadlefazaieul

dinAglefazatgun (SCOD) lu WAS éa Ca(OH), inn1sAnunluganaassuuunelng
uUsiABuA pH uaznanduifademansinynandusuil 4.3 Sawandidiuina scop faudfiudu
oA pH waznanduiaiuty Tnewuininaiduda 30 wifiAn SCOD Winduan 296 me/L 1 Ju
573 mg/L, 613 me/L, 773 mg/L, 981 me/L was 1,240 me/L fiA1fLe% 8, 9, 10, 11 wag 12
audsy wanslidiudn CaOH), fidnannlunisiiinan SCOD Tu WAS Tnafiuualiuinan SCOD
WisTuilewfisnusinas Ca(OH), wileulunsAnwves Xiao waz Lui (2006); Navia et al, (2002); Cai
et al., (2004) Lﬁaamﬂiuaﬂmdwmmmﬁwmaiﬂﬁﬂa%ﬁwaamjmzﬂau (floc structures) 19 Iaglu
amazﬁﬁmﬂL@W%”Lamaﬂlﬁdﬁﬁaauqaﬁﬂﬁ RNA TUsfy LLas"LﬁuﬁuQﬂlaImila%aw%aﬁL%Em'j%ﬁmmi
govaargnuailan §ﬂﬁgqaqgﬂalamaﬂ%a (hydroxyl radical; -OH—-0") @1m15avinlu EPS Tu
azneuinnIsuINdkastesaaeluansisazans (subsequent solubility) EEE (Nielsen and
Jahn, 1999; Neyens et al., 2004; Yiying et al., 2009) 33vinliaruaruisalunisgevaaanig

FInMmIprnauAIUAUINEWULATdnTINSRnMelimuLiugudnme
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nunliuvesdunsinlugud 4.3 uandvidiudn scop isdududdudioduuinumes
Ca(OH), Tnpaziiinodesainaluszozinan 30 wilusnuasndsainiud SCOD Wintursudnedh 3
fuwunltuadedulunatens@nudiniuunaes Chang et al. (2002) Appels et al. (2008) Yinying et
al. (2009) wag Kim et al. (2003) seyinfinatdudia 30 uiissannsaifindt SCOD Tu WAS 1#d
70-80% saulunsinwtudelusudonldsrernadudavesssuuidalesdugiomarinfy 30

=
UM

1600 /e/$
1400
Q ,o/e_/e/
(@]
£ 1200
e
5 1000 —e-pH8
o —M-pH9
E 800 —a— a—4 =
] M =&—pH 10
§ 600 A — . ceem——¢ —®pHIL
Q e -©-pH 12
9 400 e
T rd
8 _-—_—‘
200
0 . . . . .
0 0.25 0.5 1 3 5 12

Contact times (h)

a a

sUN 4.3 YszAnsamlumsiiiuadlonazaieun
4.3.2 Apsiveaadansuensielastada (Hydrolysis Kinetics)

1ANTINANFUNUTTZNIN (O) waz (/SCODY?) loaudunusuuuldunsafannis
(t/SCODY?) = A + B(t) mun1s@An®198d Vlyssides et al. (2004) wan qéTwUﬁ 4.4-8 LATNNT
mmmmm SCOD aaam"tuquwgma COD.. way mmwmﬂaﬂﬂﬂa%a ) uanslunnsad 4.3
‘W‘UD’]L&JEJ@W oH LfinTuen COD.. 9 sdAnfiutumuuansliiiuinnisiintuvesaiansazsiilyd SCOD
meumaamaaaﬂwqwgmﬂ Tagluanzfiflenfilownselensenlusdesugails RNA Tusiu way
lusfugnlalasladaniefiFoninianisdesaatemaniléd Lin et al. (1997) uag Yungin et al.
(2009) wrruslunnAeuiAzen (0 Lilddamnuuandstuilofinsuasuuiase pH feiuay
Fuduveswinedaduiuusddalunisiiuen SCOD wWothin WAS Wesuiieinysyansamly
nstpenznaukuUlinInIe
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6 Time (h)

JUN 4.5 ArAsinsaadansvesnisialasladain pH 9

R = 0.957 .
/
<
2
2 4 6 8 10 12 14
Time (h)
JUN 4.4 Arpsiimsaaransvesnisialasladain pH 8
R? = 0.939
L
/
2
L 4
2 4 10 12 14
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UM 4.7 Arasiinisaamansveanisialasladan pH 11

R? = 0.927
/ L
<
L 4
% Time (h) 10 12 1
JUN 4.6 ArAsiimsaamansvesnisielasladain pH 10
R? = 0.923 o
L 4
L 4
6 8 10 12 14
Time (h)
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0.25

R?=0.925

0.20

2

0.15

0.10 /

0.05

0.00

4 6
Time (h)

8

10

5UN 4.8 Arpsiinsaamansvesnisielasladan pH 12

AN5199 4.3 ANRINNRaransvaensialastada

12

14

Maximum theoretical

Hydrolysis rate, 5

pH A B soluble COD C (h ) r
(CODeo; mg/L)

8 0.0987 0.0140 1,222.04 0.6863 0.9266
9 0.0987 0.0140 1,222.04 0.6863 0.9266
10 0.0908 0.0138 1,464.87 0.7353 0.9106
11 0.0843 0.0121 1,938.24 0.6945 0.9075
12 0.0785 0.0111 2,436.61 0.6841 0.9075

4.3.3 Yszansnmlunsgagaangniedinin

A1ILATIEN

1o 1

ANEAEIL TBOD,o/TCOD NANSAN®IIAYNITIASIZIAT TBOD,, ey TCOD Tu

MTNBUNAIIINITLAN Ca(OH), 1A pH NLansenUlazIa dINa 30 U9 NanTENUVD9AT pH sioen

&ndau TBOD,,/TCOD Lmﬂﬂugﬂﬁ 4.9 lnpAdndiu TBOD,o/TCOD Tu WAS nAaulsu pH fiAade

Wity 0.21 waziisdu 0.45 0.52 uaz 0.59 Weousu pH 1u 8 9 uag 10 AuE WU wariidranad

W 0.33 wag 0.31 Weu5u pH 1u 10 wag 11 auaneu wansliiuindaud Ca(OH), aganunsaiia

A1 SCOD lousluaneien pH aeq Aedaud 10 Fulunistesaaien1adinmazgnduga
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0.7
0.6
0.5
3 04 4
O
S
4 0.3 T
]
[aa]
'_
0.2 1
0.1 T
0.0 -
8 9 10 11 12
pH

gﬂﬁ 4.9 WaURIAT pH 7D AIFAEIW TBOD,,/ TCOD

ca?* Tumnududusiig svdeasunszuiunisualuadurewuaiiSelnefiauddysenisadi
ATP #3000n%Lag NADH Lm'wmmmm’fwﬁquzﬁﬂﬁl,ﬁmmiéTUégaé’quzmumimmiu%%maq
wuAfiseuazaansalunsiudeniintuny ca? TnglunisAnwives Jackson-Moss et al,
(1989) WU3IANAULTNTUBY Ca®* 7,000 me/L lildswansenusasyuugasuuulianniAuainlig
duduresunadouluirfieainssuudeudieg wnndefunisineiues Kugelman and McCarty
(1964) Feszynanundutuvesunadeslessuifinnumnganlunssuiunswdniiviuainesdan
wonAe 200 me/L d@ulun1sAnuues Appels et al. (2008) tag Chen et al. (2008) WUINAIULT
Fuveweadeulessuusyunn 2,500-4,000 me/L Wamstiudinistesaatenedanmluseiunans
WaZYINESE 8,000 me/L misjaaamamq%amwazgﬂé'uéy’m,ﬁauﬁy’mm 1NNITANYIAINAINTE
Tunnsiiiy SCOD @28 Ca(OH), wuinfiAn pH 12 A1 SCOD winduan 296 me/L 10y 1,240 me/L
wazauduturswpaidonlooowdfintudu 1,126 me/L ursgnslsinaluszuuluszuudosuuul?
ornnAdesinuaninane Bluszuuifieafiunse foiuivinliunadenlessuaiunsass
anaznoulazarauegludsuiiteon daueadouiinansznuseszuutitauuuliornels 3 nalavan
leuA (1) Aongnfudidaufnsaiuazszuuvie (2) mInnmzneunzneuvealaaieylufaminlionimas
dqwaiumié’fuégaﬁamﬁma@a%wLﬁaqmﬂmilﬁﬂmm%’u%lﬂsﬁ’mmqmaa’wmmammswﬁwajwaa‘
(3) msfurardouianssudiulunsveuumrieaiveuusluininnsgydeanineauarsg
omsld Tnglunanemsinunszyiuiinaueai@euiiminganeglugag 100-200 me/L (Cail and
Barford, 1985; Mahoney et al.,, 1987; Yu et al,, 2001) LLaszJué’ummLﬁaqm'jw 300 me/L
(Hulshoff Pol et al., 1983; Thiele et al., 1990; Yu et al., 2001) ﬁqﬁuLﬁaamﬂ'ﬁazammLmaL%sm
Tuszuudes WAS wuulianmaluduseluvesnsanuisadunsinuuuilidilunsananundudfiv
89 Ca(OH), Minlusyuuthdadeduiiofiuauansalunisazaisvemeneunse SCOD lng
msuyudsutiifisnszuugos WAS uuulfenmadfieidonsunaideslenon
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4.4 wunltunisanauduieves Ca(OH), A811#19aInTEUU UASB

Mnran1sAnelutuiiiiuuldusuiwansenureweadoudonalnnisdosdansnia
Fanw shliaguszasdvasnsdnuilutuneut Ao nisannansenuvdornuduiiveaunaidey
wazduasuuszansninnisidnarsdunidluszuuindauuulieonnia lagluatenisfnwisyyin
ﬂ‘%mmmaL%auﬁwwamagiuﬁ’aq 100-200 mg/L Li‘]uﬁmmmiﬁﬁ@%ﬂ%dqLa'%mmiw%ﬁglﬁuim
voaTnuarduilinsnunguuemzneuialdfvisfuUszansamlunsiadioonainasnou
drwiiu luszuu UASB nutinzneuazdialéitudiefiivsunauaaendiq (Cail and Barford,
1985; Mahoney et al.,, 1987; Yu et al., 2001)

nsAnelutuneuiidunmsnageussansammsdesaanemeiininuasJedeiivzduasy
UszdnSnnlunisges WAS wuuliannia vin1sAinuiuungdnuiu 7 4an1smnassniusgaziden
Tums197 3.3 luunit 3 Uszneusenstrdmdesiusae CalOH), udnaniiwinssuy UASB il
Forwpadounazifiuainnududig @lkalinity) nan1sAnesauanslunisned 4.4 wuan SCOD
datudszanm 10-20 wirdluganisfinundl Ra-R6 Fefinnsuuefenwintu 12 Saufunsidiu
faanszuy UASB eisSeuifleufuganisinuil R1-R3 fiinsiutinfisninssuy UASB ifiesaeng

LRE

a I a5 A =
A1919N 4.4 ﬂqﬁ@ﬁausﬁiaﬂLLaBﬂ']i@ﬂm%ﬂ@u%@ﬁ&ﬂalﬂ]&]ll

wsiwed | dhiis UASB | was R1 R2 R3 Ra RS R6 R7
TCOD
o) 113813 | 8413.63 | 4,775.88 | 6,594.75 | 2,957.00 | 4,789.02 | 6,556.33 | 2,890.68 | 8,456.03
mg
SCOD
) 35438 | 24488 | 299.63 | 27225 | 327.00 | 2,840.34 | 324545 | 1,098.45 | 3,544.34
mg
TBOD
o) 28375 | 1,662.88 | 97331 | 1318.09 | 62853 | 210624 | 295376 | 987.34 | 2,134.56
mg
SBOD
180.13 | 119.63 | 149.88 | 134.75 | 16500 | 1,267.70 | 2,145.34 | 887.23 | 1,890.00
(mg/L)
Alkalinity
190600 | 49600 | 1,306.55 | 989.34 | 149834 | 2,008.45 | 2,394.34 | 197623 | 2,680.34
(mg/LasCaCOs)
Ca
30.22 2934 | 2887 | 2877 | 2877 | 57844 | 76012 | 397.45 | 1,126.00
(mg/L)
TBOD/TCOD 0.25 0.20 0.20 0.20 021 0.44 0.45 0.34 0.25

wagidlafinsandndiuvesr1 TBOD/TCOD wunluyanaaedil Ra uag RS denaanfouszuna 0.44
waz 0.45 auaau Inedusunauaageuludiunauyingu 578 me/L way 760 mg/L Tudiunanves

YANARDI RE Uay RS auawiu FausganinimvesszuuinUalesiuluyanaaesi R4 uag R5 d
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Tndieatunazirnnunduang 2,000 me/L Wuaniussuufidanumnzanlunsiiussuundn
fredanm wilugannaesil RS fawaaiouuinninde 200 myL TuAnwidusoluiaden
Amsdimesluganisnaassd Re WilelAusEULYANSTIRABIsEUUNSHIUSEAME A N sEoAANY
wuulfoendiauiietitinazneudiuiuainssuuazneulsasessuunsuyuisudnudusiis
wuusisilonfiodnwiUszaniaimuaziaiosnmvesszuussly druluyanismeassil R7 A
SCOD/TCOD fAfiuduus TBOD/TCOD laifin1nuunndsiuganaansdi R1-R3 diiisainssuy

UASB uaz WAS uandliiufanisgndudsvesnalnmedanin

4.5 M3INFULUUYANARBILATAINITIAUTLUY

IINMIANINITIERDTA99 Tun1sganIsveasLuunenuluIlduvesUssaninmeesnis
vrdadesfudisaaazinniainsruudivatidouuuleania lunisinurluduneuisewionig
vndeuiusEUUsDLinwassTUULey WAS wuuldenniasiuiunmsdnlesiiugae CalOH), wazih
fadruuuiviuideuainssuuanszuugos WAS wuulfenme ilefnyiUssansninuasiafiosvos
szutluszazenlagvinisiiussuuluszesinal 270 Tu Usznoauiie (1) gaaiuns (YAn1smnass
A) uae (2) sruuges WAS wuuldenniasauiunisirdadesdusie CaOH), wazinisduuud
wyuAsuaINTEuy (Yan1smaass B) tnefvniweslunisifiussuunansdisnmsneil 4.5 uazguuuy
ﬂﬁam&i’jﬂswmmmﬁagﬂﬁ 4.10-4.11

v v

A1519% 4.5 15109 95LAUTTUUABLTHBIURITEUUEDY WAS huulsanniesiuiu Ca(OH), wagtfig

duuu

W53Me3 YANIINAGBY A YANIINAGDY B
Pretreated with Ca(OH), - 50 meg/L
Total solids (mg/L) 8,986+427 9,899+435
Volatile Solids (mg/L) 6,756+334 7,956+398
Total COD (mg/L) 8,467+456 8,498+498
Soluble COD (mg/L) 320+79 3,589+234
oH 6.7+0.17 12.0+0.10
Alkalinity (mg/L) 451+4.12 2,896+198
Dewater ability, CST (s) 30.12+8.97 667.12+69.23
HRT (days) 15,10, 5 15,10, 5
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4.7 szuugaenznaunuulioniAuaznisyuisuainnudueing

MMsFnwIRusTUUReIomosE ULy WAS wuulienmesiuiu 2 YANTNARDI UALYA
mMsneassinsiauszuulnefinsuunuasunatlunisindusiuau 3 aldun 15 Ju 10 Su uas 5
SupuEIdu M5ANYIYINNNSUSEEUUSEENS AN AT RN sBunISuarnSIn LaznsIAnANY
Fanmlpeadsuansinisnd 4.6 Tngvhnisiussuuiiazszoznasniuduszezinag 90 Yu 3
srwaziBunvesnanisandreluil

AN 4.6 UszanSnmuadssuugas WAS wuulianie

HRT 15d HRT 10 d HRT5d

Digester/HRT A B A B A B
VS removal (%) 35+6.22 39+4.57 28+2.67 39+4.22 17+£3.98 38+4.67
TCOD removal (%) 38+3.45 51+2.87 37+4.57 50+5.78 19+4.32 50+4.12
Biogas production rate
m¥/d) 167+34 246125 158+27 235+31 122+25 247+24
Total solids (mg/L) 5,849+324 | 5245+243 | 6,468+345 | 5,198+234 | 5,285+267 | 5,269+254
Volatile solids (mg/L) 4,356+167 | 4,853+189 | 4,958+156 | 4,798+175 | 6,013+234 | 4,897+145
TCOD (mg/L) 5,241+157 | 4,160+168 | 5,258+176 | 4,108+123 | 7,533+145 | 4,166+134
SCOD (mg/L) 245+35 789+37 198+35 897+67 217432 1,098+98
pH 7.08+0.34 | 8.62+0.56 | 7.38+0.75 | 8.32+0.45 | 7.45+0.32 | 8.72+0.54
Alkalinity (mg/L as
CaCOs) 387+45 1,986+123 298+53 2,167+237 223167 2,359+325
Ca (mg/L) 34+12 756+45 45+14 670+78 38+16 782183
Dewater ability, CST (s) 34+6 274+14 55+9 367+23 38+7 291+19

4.5.1 UYs£anSAmn1sANanansounses

MNMsANwIALSTUUERY WAS uuusellesusuiiivusening 2 yanisvaaesiiszeznatiy
msnfuAwnAaiufansAnulunsed 4.6 wuirganismaass A Jaduszuuaugylifiszuy
Tindesiu wudnsyAvEnmmanidndl TCOD lsgeanuszanuiosay 38 vasdn TCOD g
szuuviun uazilranandufesar 37 uarderay 19 deanszezailumsinfuandy 10 Juuas
5 Yumud iy danlugamsnaaes B Ssdimstiimdosiuiesauashiduuumuisuanssuy
wiinlSonie wudiusgansamlunisiida TCOD Ussunmufavay 50-51 uagliinnuuansineiu
Fefinsidsuuvasszeznatlunistuiivu Weinsannadhdaunavesssuunuissuuasinng
Ususilerihgaunalddranilessernaninifvanausednslsinmszoglumsuiudiiierdndauna
LAy 30 uluynganisneass nwan1sAnwId1sfunuininfiudediunisazaisiives
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a6V

a5BuN3ERe CalOH), uarmavyuisumifisnnssuuninlfoneausaifiudssansamldunndy
yaeuauisfosas 13 fszognariniiu 15 Juuay 10 Yu waz¥esay 31 fiszezianiniiu 5 Fu G
Aniflesann WAS fidndruvesansdunidnd evaarsenuazdniussdusznoududulngvinlviyn
Manaaes A Welfiuanszusmnduriduievamaninszuiunsdesaaevnadinmdainlddeudis
FIuinlianysailussuy (Deng et. al,, 2006) WANAIIAUYANITNAADS B Feinsifiudndaunig
a¥aN8UDA1TOUNIINIY Ca(OH), vibivwialuanavesansdunidiivuindnasiainnistosaansy
matanmldiendoiatu (Xiao uay Lui, 2006; Navia et al., 2002; Cai et al., 2004) shlsianunsn
Auszuufissernarfnifuiisiniinsldssuuthdadesuuasliinsenudeussansamlunisiia
GREGIMEL

4.5.2 Yszansnmlunisiidnaiunanda

nwanIsanelun1sedl 4.6 wuuszansanlunisiidaaveudsssimedne (VS) Tuganis
Vnaes A wasUszanadevay 35 Sosas 28 uwavseuas 17 fiszazinallunisinfiuwindu 15 Ju 10
fu uag 5 Juniuddu lnsuuiliuanaudeszeznardnifivanas dauluyanisnaass B &
Usgangamlunismdnel VS asndnganisnaaet A lneliauseannsesas 41-42 lunnsseeiianly
nsAniy nAEnwInuIUsEENS A lunsAdaa VS Suuilduiedduiuussansainlunisiida

A1 TCOD assngvesudessimedeiinualiuluarsdunsddudiulng Faiusednsningeninly

A5ANEIUDY Lin et al. (1997) &9l4 NaOH Wuszuuvivnlosduiiaiiudadiunisazaneluszuu

goe WAS wuulsoiniadanulsyanslunisiida Vs mnfusesas 33 Aszaziatlunisinidu 7.5 Tu

=< a

wazduszansainnisnida VS lnatAgsdunan1s@neives Viyssides and Karlis (2004) & 93

Usgansninlunisidn Vss lausennauiovas 45 FellsyuuinUnilnsdumisnsiial pH 11 wazdes

nIzRUMERUUNNns 90°C Nsvaziantunisiniu 10 Falu
4.5.3 M3ARfLYIN M

NI 4.6 wushmsiAeiedinmiedsluganismaass A Usvanm 167 L/m>d, 158
L/m-d waz 122 L/m-d fiszeziaanlunmsiniiu 15 Su 10 Yu waz 5 Susudisu wuwwdldunig
Anfiedinnluyanismaass A fiananasiionarlunisinifivanasaenndasiuuszansnmluns
fdnansduniduazan VS uazyanisnaaes B Teasinsiiamediniwadeussanal 235-247 L/m’
d gan319AN15MAaeY A unninfesay 80 wazlinumuunnasveslsEansaimiioniinisan
svpznanlunsinfivas wanslidiuinssuuiidadosdudersanmnsadfiuussansamluniseos
ganeNsTInMLazNMsAnfsTnmlERun Ty TneUsunafnedinmdisannduiiedinnsifiuiu

(%
a Y

Y8AdndIUNITATa18UIVeA138UNIE (SCOD/TCOD) BnslunatenisAnwissyiuaaigesly
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USU10u9n9 azatiuayun1sasyAulavesgadn (Ahn et al,, 2006; Sanjeevi et al., 2013; Chen et
al, 2007) wagmaannistaussuulunsAnedldnunansenuvsaatdsunauseansninlunisiin

AT INNLALANINATOUNTE
4.5.4 Usgansamlunis3nin

nsAnuUszans anluntssaingiensind Capillary suction time (CST) 9157971 4.6
wuUszAnsnmlunisinthuesngneuluganismnans B gandiganisnaaes A 89 6-8 i Balu
NANENTANYITEYIABLTURATAN1ITANAUETUNTEUIUNTST bio-flocculation Tupznauyinlvdl
ﬂ’J’lJin’Nﬁi"]LW’ngﬂ%{u (Luo et al., 2015; Ahn et al., 2006; Sanjeevi et al., 2013; Chen et al, 2007)

bbele
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uni 5

dyUunanisAnen

N3ANYIUTENBUMENTTNAEUUTEANTA MU DIAUAILYANARBILUUNLULALYANARDITYAY

AuwuusruvdesuwuulisinmaTiuiussuuindadawunigaiiawazinnamyuiisudngssuuges

nenaudILAL (WAS) Buinansfinulnvasudasdaluil

pgnoud ULl Tnamsduniddsainsadesamenisdanmldusioglusy
vosdududnilng mstidadesiude CaoH), Sdnsamlunsidiue SCOD Tu WAS
Tnefluualtiudnen SCOD Wududlofiauiuna CalOn), Wosanluanindrsamisn
vhanelassainavesngunznou (floc structures) I Tasluannzidiafilevvielensen
lusideauguily RNA Tusiu uazlusiugnlelasladanieisonininnsdesameniaadl
1A ﬁﬂﬁgqa%alamaﬂ%a (hydroxyl radical; -OH—-0") @1u1savinli EPS lungnou

Aansuinimazdesaateiduaisisazaiy (subsequent solubility) lanvu

£
= |

nsAnwAnsiinislalaslada (0 wusndedn pH uTudn COD.. axiAnAintuny
wanslifiuiiniadfinduvesaidsazyinld SCOD Wintudsaenadeafunguifiiilu
anneiiaierniolensonlurdesugninly RNA TUsiu wazluiugnlelasladaniod
Feninfanisgosaatenianiiles winudlunisiiaufisen k) lulddanuunneng
fudlefinsdsuudasan pH

Ca(OH), azanunsaufinAl SCOD laudluaniazdiAn pH 449 Aadaus 10 Fulunsdes
amsmﬁamwazgﬂé’u& Fauwmadeuiinansenudeszuuiidawuuliorndld 3 naln
vanldun (1) Aenznfuiidasufnsninazszuuvie (2) mInnnznounznouvelaaLdely
Smfnlfermegdmalunisiudiianssuvenadnioninn aianeniuagludaens
N13aemuIaeIsIingwas (3) msiiuaaideuiinnissiudituluaisusuiunuie
ansusuuslutiuinnsgapdoanninauazsgesld
m'ﬁmguﬁwﬁwﬁqdmuumﬂszwﬂﬂﬁmLL‘U‘UI%Tmmﬂﬁﬁ’ﬂamwiumslﬁamaLmal,%am
Jostunismnaznauvesiradeuluszuugesiuulionniale
TuyaneasssgiuduLuunUUIEANS AW s daansdunidiiuduiesay 50-51 uay
Sasmsiiafetinmdindu 235247 L/m-d Sndmudszansamlunissainiud
6-8 wihasszuuilifinnsthdadesfuuardslinunansenuvessseznailumsinfiuly
nsene wanslidiuinssuudesuuul¥ennasautunsthdnidestusesauazinga
druuuansruvasafinysgansnmlunsiidangnauaruduldesnadiuszdnsam

wazlinuiyvesradodlunisAne
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Combined Alkaline and Recirculation

~ Pretreatment on Waste Activated Sludge

(Was) Stabilization

Patcharin Racho

Absiract— Bxperiments were carried out via batch reactor that.

proposed to preliminary study and experimental on pilot scale of two
stage anacrobic digestion with combined alkaling and recirculation as
a pretreatment, The value of raw WAS biodegradability was about
0.08. After adjusted pH by Ca(OH),, the BOD20/COD ratios were
increased where pH increase but the biodegradation was inhibited at
pH 12, This can be explained by high concentrations of calcium ion
was inhibited the activity of the microorganisms and interfere with
their metabolism, The level of inhibition depends on the
concentration found in the studge. In order to inhibit the calcium lon
toxicity during anaerobic digester. Recirculation of the anacrobic
effluent supplied sufficient bicarbonate alkalinity for crystallization
or calcium precipitation before methanogenic reactor. Consequently,
the pilot scale of two stage anaerobic digester with the prefreatment
were evaluated at hydrautic retention times of 10 days. The first-stage
digesters were operated with proposes of sludge disintegration. The
BODS5/COD ratios in reactors were higher than that of control reactor
at the end of 100 days, These second-stage digester was conducted to
methane production, Finally, in order to see the combined
pretreatment effect in contineous operation, the sludge pretreated
with high intensity alkaline (pH 12) and effluent recirculation for salt
concentration toxicity reduction was fed to an anaerobic sequencing
batch reactor (2 stage). The production of methane increased by
more than 35.3% and soluble COD {SCOD) removal also increased
by more than 69.2% over the control. Therefore, it is recognized that
higher digestion efficiencies of the WAS were obtained through
alkaline and recirculation pretreatment,

Keywords—Waste Activated Sludge (WAS); Sludge
Stabilization; Alkaline and Recirculation Pretreatment; - Biogas
Production

1. INTRODUCTION

HE activated sludge treatment process is one of the most

common methods used in a sewage and industry

wastewater  treatment plant to remove organic
contaminants. The farge amount of waste sludge, constituting
of refractory and non-biodegradable cellulose compounds,
which is produced by this process leads to the difficulty of
sludge disposal [1]. In the field of sludge treatment, the terms
pretreatment, co-treatment, disintegration and hydrolysis
usually refer to processes which are combined with the main
biological sludge treatment process. The objectives of the

Patcharin Racho is with the school of environmental engineering, Institute
of Engineering, Suranarce University of Technology, Nakhon Ratchasima,
30000, Thailand (corresponding author's phone: 66044224565; e-mail:
patchai@sut.ac.th).

overall treatment train is to remove organic material and
water, hence reducing volume and mass, remove degradable
material, which prevents subsequent odors and pathogen
vectors, and remove pathogens. Anacrobic digestion is a
favored stabilization method compared to aerobic digestion,
due to its lower cost, lower energy footprint, and moderate
performance, especially for stabilization, Co-treatment
processes aim at enhancing the main anaercbic digestion
processes by altering physical or chemical properties. The two
basic properties that determine sludge behavior are
degradation rate (often defined by a 1st order coefficient), and
extent, or conversely, inert fraction. Co-treatment processes
may change either property, and can be located in a number of
places in the treatment plant. In the case of main treatment
plant enhancement, the main process is manipulated to provide
improved degradability. Changes in either kinetic degradation
rate or degradability will enhance gas production and
anaerobic digester performance. Improving rate can also allow
process intgnsification, with the faster kinctics allowing for the
same performance in a smaller digester, and thus decreasing
hydraulic retention time (HRT) [2].

In order to destroy the refractory structure of waste
activated sludge (WAS) and increase its biodegradability, a
physio-chemical pretreatment method is commonly carried out
to transform the particulate compounds contained in WAS into
soluble compounds [1, 3, 4]. The chemical pretreatment is too
efficient and cost-cffective’ that capable in ambient

-temperature, Alkaline destroys floc structures and cell walls

113

by hydroxyl anions. Extremely high pH causes natural shape
losing of proteins, saponification of lipid, and hydrolysis of
RNA. Chemical degradation Ionization of the hydroxyl groups
lead to extensive swelling and subsequent solubilization gels
in sludge [5]. Kim et al. [6] who used the alkaline pretreatment
were performed at pH 12 and 30 minutes of contact time by
various alkaline agents at ambient temperature. Those results
showed the soluble COD vatues were increased about 39.8%,
36.6%, 10.8% and 15.3% for NaOH, KOH, Mg(OH), and
Ca(OH),, respectively after added alkaline. As well as Chui et
al, [7] reported that the percentages of SCOD to total COD
(TCOD) were increased from 3.31% to 36.3% by alkaline
pretreatment, Ca(OH), pretreatment for WAS has an attractive
because it lower cost than the other alkafine. However, the
metabolism of microorganism were inhibited when high
values of salt concentration in WAS. Ca(OH), pretreatment
for WAS causing of high calcium concentrations. Problems
due to accumulation of calcium carbonate in anaerobic



reactors can be avoided by applying a crystallization reactor to
‘remove calcium from the influent, The possibility of reusing
the produced alkalinity by anaerobic effluent recirculation was
investigated in this research, Calculations and experiments
were carried out to investigate to what extent calcium could be

i anaerobic reactor. Also, this study has atiractive to investigate
“the effect of Ca(OH), pretreatment on WAS biodegradability.
- As well as, the solution for salt concentration toxicity
- reduction by carbonate recirculation.

i IT. MATERIAL AND METHODS

. A. Waste activated Sludge (WAS)

=+ The waste activated sludge (WAS) samples were taken
i from the secondary sedimentation of activated sludge
“wastewater treatment in a food factory. The WAS samples and
{'anacrobic effluents were stored at 4°C for stabilization

removed from the alkaline pretreatment sludge before feed to_

-89 -

intemational Conference on Biclegical, Chemlcal and Environmental Sciences (BCES-2014) Jan. 21-22, 2014 Patong Beach, Phuket (Thailand)

components before used in experiments, The WAS

characteristics are shown in Table 1.

B. Batch Test of Alkaline and Carbonate Recirculation
Pretreatment

Alkaline and carbonate

“Investigafion were devised into two main parts study, Firstly,
the experimental were performed by Ca(OH), adjustment via
pH value variation in ranges of 8, 9, 10, 11 and 12 for soluble
fraction and biodegradability evaluation. Also, the contact
times were varied by values of 0.25, 0.5, 1, 3, 6, and 12 h,
respectively under anoxic condition and ambient temperature.
Secondly, the influencing of recirculation on calcium
precipitation and toxicity reduction were evaluated by WAS to
anaerobic effluent ratio varfation as details in Table 2,

recirculation  pretreatment

TABLEI .
WASTE ACTIVATED SLUDGE CHARACTERISTICS
Parameters Unit WAS
oH . 5.1-69
TCCD mg/L 7,1579,566
SCOD mg/l 94296
BOD 20 days mg/L 646-780
T8 mg/L 6,273-8,420
VSIS mg/L 046
TKN mg/L 52-650
Total Alkalinity mg/L as CaCO, 119-564
TABLEII
PROCESS CONDITIONS FOR THE BATCH TEST REACTORS
Recirculation Ratios
Process conditions pH adjustments
WAS (mL) Anaerobic Efffuent (mL)
Rl 100 100 -
R2 150 50 -
R3 50 150 -
R4 100 100 pH 12
RS 150 50 . pHI2
R6 50 150 pH12
R7 200 - : pH 12

C. Hydrolysis Kinetics

At constant temperature and pH, the rate of hydrolysis is a

- first-order function for the conversion of particulate biomass

fo utilizable soluble substrate. In this study a first-order rate

_expression of the degradable particulate COD, was tested,
according to the following expression [8]:

d(coD)

2EW) = k(COD,, ~SCOD)

)
Where SCOD = soluble COD concentration, mg/L; PCOD
= particulate COD concentration, mgfl; CODy =
nonhydrolyzable COD, concentration, mg/L; COD,=

maximum theoretical soluble COD, mg/L =P COD) COD,; k
= first-order hydrolysis rate constant, h™,

In the above equation, the two unknown parameters, k and
COD,, can be determined by the method of nonlinear curve
fitting of experimental data especially for this type of
differential equation. According to this method the
experimental quantities of (f) and (¥CODs'™) have linear
relationship: (#CODs") = A+B(t), The constants A and B are
determined from experimental data using a conventional linear
regression method, After this, the COD,, and k are estimated
according to the following equations: COD,, = 1/(6A7B) and k
=4.8387B/A.
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D. Two stage anaerobic digester experimental sef up illustrated in Table 3. That showed SCOD increased di

The two stage completed mixed anaerobic digester were DI values and contact times were increase, Ca(OH),
operated at 10 days of retention time. The 1% stage of disintegrate the sludge. After 30 min Ca{OH), treatr
anaerobic digestion experiments were carried out in two sludge SCOD increased from 296 mg/L to 573 mg/L,
stainless steel cylinders with an effective volume of 15 L each,  Mg/L, 773 mg/L, 981 and 1,240 mg/L. with the pH values
‘The first stage reactor was filled with WAS sample, and the 9 10, 11 and 12, respectively. The results showed that so
" chemical pretreatéd sludge and adjusting the sludge pH o 12,7 Ofsatic matters-decreased gradually-when Ca(OH),. incr
Then the effluent of the 1% stage was fed to the 2% stage of Similar results_were also reported. The effect of Ca(l
anaerobic digester and the 30% of 2" stage effluent was treatment duration on sludge disinteAgration is also shoy

recirculation to the 1% stage as the details was shown in Figure ~ Figure 2. The increase of SCOD can be divided into
1. stages: an initial rapid stage of 30 minutes and a subsec

slow stage. The similar duration of the first stage can als

— Supernatant Return ey
Effluent

Setting Tank

o e e an ———— — —— —y

Raw Sludge—

10 11
Methane Measuring

Pre-treatment Anaerobie Digestion e s ——— 4

Fig, 1. Two stage anaerobic digester experimental set up

Ly found in other papers [1, 2, 5, 6]. In first 30 min
E. Analytical methods solubilization quantity was 70-85% of total solubi
The influent and effluent samples of alkaline and carbonateé  organic matters in 12 h, So most efficient treatment dur
recirculation pretreatment were analyzed following the  \ag 30 min,
standard methods [9] for the examination of water and
wastewater including of COD, SCOD, TS, VS, TKN and total ‘ o
alkalinity. The BOD values were determined by an OxiTop®- B. Hydrolysis Kinetics
C measuring pressure head instrument [10]. The Experimental data related to SCOD concentrations an
SCOD/TCOD ratios were indicating parameter for capable of  values during hydrolysis process are given in Figure 3
solubility that to reflect the extent of hydrolysis. As well as,  increase of soluble COD concentration as well as a increa
TBOD,/TCOD ratios were used to evaluated the WAS the pH values. For all the hydrolysis conditions, a i

biodegradability. increase of SCOD was observed during the first hour, Tt
decreasing rate on the SCOD production was observed

III. BATCH TEST EXPERIMENTS the maximum value was reached. However, for more intel

N hydrolysis conditions (pH > 10) the COD solubiliz

A Ca(OH), Enhanced SCOD Fractionations increased significantly until the 5™ hour of hydrolysis, v

Alkaline pretreatment were performed under various pH  about >80% of the solubilization had been achieved.
values and contact times. The overall results of this study are
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Fig. 2 Variation of sludge SCOD with duration time during Ca{OH),

high concentrations of calcium ion was inhibited the activity
of the microorganisms and interfere with their metabolism,
The level of inhibition depends on the concentration found in
the sludge, Very little is known about the toxicity of Ca2+ in
the anaerobic system. Jackson-Moss et al. [12] observed that

--~Ca®*- concentrations-of -up-to 7,000- 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.
Theses reported a much lower toxicity threshold. They showed
that the optimum Ca®" concentration for methanation of acetic
acid was 200 mg/L. Ca®* was moderately inhibitory at a
concentration of 2,500—4,000 mg/L, but was strongly
inhibitory at a concentration of 8,000 mg/L. [2, 11, 12].

treatment. 0.7
&6 -
0.30
v 0.5
0.25 : -
s X x 0.4
0.20 : +pHS ] :
£ 4 ¥ F pits 03 N
. g oI5 . X ipHI0 0.2 1 ]
E R KpH 1t
- L XgH12 01— 1
005 17 0.0 4 g
o S — pHS  pH®  pHI0  pHI  pHIZ
0 2 4 $ 3 10 2 1 . .
th) Fig. 4 The BOD,/COD profiles of WAS after adjusted pH
Tig H it 173 . e e . . .
Fig. 3 The experimental quantities of () and (CODs™) C. Caleium Precipitation and Alkaline Toxicity Reduction
Potential :
TABLEIIl -
CALCULATION OF THE HYDROLYSIS RATE CONSTANT K AND THE THEORETICAL UPPER LIMIT OF SOLUBLECOD .
Maximum theoretical soluble Hydrolysis rate. k '
pH A B COD 4 (5;1.,) g I
(CODk; g1
8 . 0.0987 00140 1,222.04 '0.6863 0.9266
. 9 0.0987 00140 - 1,222.04 0.6363 05266
10 0.0908 00138 1,464.87 0.7353 0.9106
] 11 0.0843 0.0121 1,938.24 0.6945 , 0.9075
12 0.0785 00111 2,436.61 0.6841 0.9075

D. Biodegradability Performances

The BOD,/COD ratios were evaluated during pH values
= varying and 5 h of contact time as the results shown in Figure
=4, The BOD,/COD ratio of raw WAS was about 0.08. After
‘adjusted pH, the BOD,,/COD 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 biodegradation was inhibited at pH 12. This can be
explained by the metabolism of microorganism were inhibited
-at the higher values than pH 9 [1, 11],

Hydrolysis of organic matter was limited at high calcium
thdroxide concentration [11], As results of BOD,/COD ratios
Were less than 0,05 when adjusted pH values in ranges of 12
-fol4. Caleium hydroxide at low concentration is essential for
:the methanogenic bacteria, presumably because it is important
for the formation of ATP or oxidation of NADH. However,

Calcium hydroxide can be improved the SCOD fraction but
high calcium ion can be inhibited the microorganism activity.
In this study, the possibility of reusing the produced alkalinity
by recirculation anaerobic effluent was investipated.
Calculations and experiments were carried 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 mg/L as CaCQ, during the adjusted pH
to 12, condition. Removal of cal¢ium from the influent could
be successfully accomplished as the result results showed in
Table 4. Recirculation of the anaercbic effluent supplied
sufficient  bicarbonate  alkalinity for  crystallization.
Consequently, no extra chemicals (i.e. Na;CO; and/or NaOH)
were needed. A chemical equilibrium model, with adapted
pseudo solubility products, is a very useful tool to determine
the proper recycle ratio of effluent for optimal performance.
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IV. TWO STAGE ANAEROBIC DIGESTION EXPERIMENTS

The ability of chemical and recirculation pre-treatment to
solubilize or remove particulate organic matter has been
demonstrated by the experiments in the first part of the paper,
the comparison and analysis of the treated sludge anaerobic

biodegradability--were--required ~to -optimize ~the - couplinig — Pre-treatment- ~could ~ significantly — eiihance

process of alkaline and recirculation pre-treatment and
biodegradation.

A. COD and VSS Removal

The alkaiine and recirculation pre-treatment was carried out
in the following conditions; sludge concentration were about
7.0-9.0 g/L, pH 12.0 fed into the [* anaerobic digester (1%
AD). Results of the first stage of experiments on COD
degradation and VSS removal are shown in Table 5, where the
residual COD and VSS are represented. Table 5 shows the
changes in characteristics of sludge samples after alkaline and
recirculation pre-treatment. Since a small portion of the
organic solids was degraded or solubilized into the supernatant
after the pre-treatment, the initial TS and TCOD
concentrations of sludge samples after the pre-treatment were
slightly lower than the control samples but different, and their
reduction percentages were 32-39% and 12-15%, respectively.
These shows higher performances when compared to the
control unit of two stage anacrobic digester without alkaline
and recirculation pre-treatment (Control AD) [13, 14, 15, 16,
17]. '

Consequently, 2™ Stage anacrobic digester (2™ AD)
showed higher removal efficiency from the very beginning of
digestion. During 100 days of digestion operation, TS and
TCOD removed about 48-52% and 40-46%, respectively at 10
days of retention time. Therefore, alkaline and recirculation
sludge
biodegradability and anaerobic digestion efficiency. &

B. Biogas generation

Biogas production from WAS by 2™ stage anaerobic
digestion with alkaline and recirculation pre-treatment wag
investigated, The results showed that the methane yield of 2™
AD with alkaline and recirculation pre-treatment higher than
the control AD about 2 times during operation periods of 100
days. These can be concludes of alkaline can be improved the
chemical hydrolysis efficiency and reducing that toxic by
supernatant recirculation.

V.CONCLUSIONS

Adjusted pH by Ca(OH),, the BOD20/COD ratios were
increased where pH increase but the biodegradation was
inhibited at pH 12, This can be explained by high
concentrations of calcium ion was inhibited the activity of the
microorganisms and interfere with their metabolism. The level
of inhibition depends on the concentration found in the sludge,
In order to inhibit the calcium Ion toxicity during anaerobic
digester. Recirculation of the anacrobic effluent supplied

TABLEIV
COD FRACTIONATION AND CALCIUM PRECIPSTATION PERFORMANCES
Concentrations 'Concentrations
Process conditions (me/l) (mg/L as CaCOy)
T8 TSS TDS TCOD SCOD Alkalinity Ca-Hardness
R1 9,945 8,280 1,665 469 88 2,565 ' 360
R2 9,280 8,110 1,170 352 205 2,270 400
R3 10,825 8,270 2,555 352 205 2,955 . 580
R4 14,525 10,090 4,435 2,053 1,906 2,600 455
RS 13,340 9,630 3,710 3,520 2,346 3,480 790
R6 14,605 11,410 3,195 3,285 2,053 1,850 245
R7 12,355 8,450 3,905 4,106 2,698 2,680 2,815
TABLEV
CHARACTERISTICS OF SLUDGE AFTER TWO STAGE ANAEROBIG DIGESTION (AD)
Parameter Unit Influent Effluent
Control AD I*AD 2% AD
pH - 5.1-6.9 5.6-7.0 11-12 7.6-8.4
TCOD mg/l, 7,157-9,566 6,440-3,418 6,080-7,418 4,294-5,165
SCOD mg/l 94-296 125-350 567-750 234-456
TS mg/l, 6,273-3,420 5,520-7409 4,205-5,109 3,261-4,041
TDS mg/L 410-820 356-765 1,356-2,765 1,244-1,840
TKN mg/l. 52-650 123-567 223-467 183-367
VEFA mg/l. 45 150-186 50-300 200-300
TP mg/L 10-19 613 10-14 8-12
Methane Yield {Likg-V3) - 143-150 245-284
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sufficient bicarbonate alkalinity for crystallization or caleium
precipitation before methanogenic reactor. Consequently, of
2" AD operation with alkaline and recirculation pre-treatment
can improved the biogas yield more 2 times than the control
AD,
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Combined Alkaline and Recirculation
Pretreatment on Waste Activated Sludge
(Was) Stabilization

Patcharin Racho

Abstract— Experiments were carried out via batch reactor that
proposed to preliminary study and experimental on pilot scale of two
stage anaerobic digestion with combined alkaline and recirculation as
a pretreatment. The value of raw WAS biodegradability was about
0.08. After adjusted pH by Ca(OH),. the BOD20/COD ratios were
increased where pH increase but the biodegradation was inhibited at
PH 12. This can be explained by high concentrations of calcium ion
was inhibited the activity of the microorganisms and interfere with
their metabolism. The level of inhibition depends on the
concentration found in the sludge. In order to inhibit the calcium ion
toxicity during anaerobic digester. Recirculation of the anaerobic
effluent supplied sufficient bicarbonate alkalinity for crystallization
or calcium precipitation before methanogenic reactor. Consequently.
the pilot scale of two stage anaerobic digester with the pretreatment
were evaluated at hydraulic retention times of 10 days. The first-stage
digesters were operated with proposes of sludge disintegration. The
BODS5/COD ratios in reactors were higher than that of control reactor
at the end of 100 days. These second-stage digester was conducted to
methane production. Finally, in order to see the combined
pretreatment effect in continuous operation, the sludge pretreated
with high intensity alkaline (pH 12) and effluent recirculation for salt
concentration toxicity reduction was fed to an anaerobic sequencing
batch reactor (3”‘i stage). The production of methane increased by
more than 35.3% and soluble COD (SCOD) removal also increased
by more than 69.2% over the control. Therefore, it is recognized that
higher digestion efficiencies of the WAS were obtained through
alkaline and recirculation pretreatment.

Keywords—Waste  Activated  Sludge  (WAS);  Sludge
Stabilization; Alkaline and Recirculation Pretreatment; Biogas
Production

I. INTRODUCTION

HE activated sludge treatment process is one of the most

common methods used in a sewage and industry

wastewater treatment plant to remove organic
contaminants. The large amount of waste sludge, constituting
of refractory and non-biodegradable cellulose compounds,
which 1s produced by this process leads to the difficulty of
sludge disposal [1]. In the field of sludge treatment. the terms
pretreatment. co-treatment. disintegration and hydrolysis
usually refer to processes which are combined with the main
biological sludge treatment process. The objectives of the

Patchanin Racho 1s with the school of environmental engineering, Instifute
of Engineering, Suranaree University of Technology, Nakhon Ratchasima,
30000, Thailand (corresponding author’s phone: 66044224565; e-mail:
patcha@sut.ac.th).
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overall treatment train is to remove organic material and
water. hence reducing volume and mass. remove degradable
material. which prevents subsequent odors and pathogen
vectors, and remove pathogens. Anaerobic digestion is a
favored stabilization method compared to aerobic digestion,
due to its lower cost, lower energy footprint, and moderate
performance, especially for stabilization. Co-treatment
processes aim at enhancing the main anaerobic digestion
processes by altering physical or chemical properties. The two
basic properties that determine sludge behavior are
degradation rate (often defined by a 1st order coefficient). and
extent. or conversely. inert fraction. Co-treatment processes
may change either property. and can be located in a number of
places in the treatment plant. In the case of main treatment
plant enhancement. the main process is manipulated to provide
improved degradability. Changes in either kinetic degradation
rate or degradability will enhance gas production and
anaerobic digester performance. Iimproving rate can also allow
process intensification. with the faster kinetics allowing for the
same performance in a smaller digester. and thus decreasing
hydraulic retention time (HRT) [2].

In order to destroy the refractory structure of waste
activated sludge (WAS) and increase its biodegradability. a
physio-chemical pretreatment method is commonly carried out
to transform the particulate compounds contained in WAS into
soluble compounds [1. 3. 4]. The chemical pretreatment is too
efficient and cost-effective that capable in ambient
temperature. Alkaline destroys floc structures and cell walls
by hydroxyl anions. Extremely high pH causes natural shape
losing of proteins. saponification of lipid. and hydrolysis of
RNA. Chemical degradation ionization of the hydroxyl groups
lead to extensive swelling and subsequent solubilization gels
in sludge [5]. Kim et al. [6] who used the alkaline pretreatment
were performed at pH 12 and 30 minutes of contact time by
various alkaline agents at ambient temperature. Those results
showed the soluble COD values were increased about 39.8%,
36.6%, 10.8% and 15.3% for NaOH, KOH. Mg(OH), and
Ca(OH),. respectively after added alkaline. As well as Chui et
al. [7] reported that the percentages of SCOD to total COD
(TCOD) were increased from 3.31% to 36.3% by alkaline
pretreatment. Ca(OH), pretreatment for WAS has an attractive
because it lower cost than the other alkaline. However, the
metabolism of microorganism were inhibited when high
values of salt concentration in WAS. Ca(OH), pretreatment
for WAS causing of high calcium concentrations. Problems
due to accumulation of calcium carbonate in anaerobic
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reactors can be avoided by applying a crystallization reactor to
remove calcium from the influent. The possibility of reusing
the produced alkalinity by anaerobic effluent recirculation was
investigated in this research. Calculations and experiments
were carried out to investigate to what extent calcium could be
removed from the alkaline pretreatment sludge before feed to
anaerobic reactor. Also, this study has attractive to investigate
the effect of Ca(OH); pretreatment on WAS biodegradability.
As well as, the solution for salt concentration toxicity
reduction by carbonate recirculation.

II. MATERIAL AND METHODS

A. Waste activated Sludge (WAS)

The waste activated sludge (WAS) samples were taken
from the secondary sedimentation of activated sludge
wastewater treatment in a food factory. The WAS samples and
anaerobic effluents were stored at 4°C for stabilization

components before used in experiments. The WAS

characteristics are shown in Table 1.

B. Batch Test of Alkaline and Carbonate Recirculation
Pretreatment

Alkaline and carbonate recirculation pretreatment
investigation were devised into two main parts study. Firstly.
the experimental were performed by Ca(OH), adjustment via
pH value variation in ranges of 8. 9. 10, 11 and 12 for soluble
fraction and biodegradability evaluation. Also, the contact
times were varied by values of 0.25. 0.5. 1. 3. 6. and 12 h.
respectively under anoxic condition and ambient temperature.
Secondly. the influencing of recirculation on calcium
precipitation and toxicity reduction were evaluated by WAS to
anaerobic effluent ratio variation as details in Table 2.

TABLEI
WASTE ACTIVATED SLUDGE CHARACTERISTICS
Parameters Unit WAS
pH - 5169
TCOD mg/L 7,157-9.566
SCOD mg/L 94-296
BOD 20 days mg/L 646-780
TS mg/L 6,273-8 420
VS/TS mg/L 0.46
TEN mg/L 52-650
Total Alkalinity mg/L as CaCOs 119-564
TABLEII
PROCESS CONDITIONS FOR THE BATCH TEST REACTORS
Recirculation Ratios
Process conditions pH adjustments
WAS (mL) Anaerobic Effluent (mL)
R1 100 100 -
R2 150 50 -
R3 50 150 -
R4 100 100 pH12
RS 150 50 pH12
R6 50 150 pH12
R7 200 - pH12

C. Hydrolysis Kinetics

At constant temperature and pH. the rate of hydrolysis is a
first-order function for the conversion of particulate biomass
to utilizable soluble substrate. In this study a first-order rate
expression of the degradable particulate COD. was tested.
according to the following expression [8]:

d(cop) _

= k(COD,, —SCOD)

(1
Where SCOD = soluble COD concentration. mg/L: PCOD
particulate COD  concentration, mg/L;: CODy,
nonhydrolyzable COD, concentration, mgQL: COD,

http://dx.doi.org/10.15242/IJCCIE.C0114156

maximum theoretical soluble COD, mg/L =P COD) CODyy: k
= first-order hydrolysis rate constant, h™.

In the above equation. the two unknown parameters. k and
COD,, can be determined by the method of nonlinear curve
fitting of experimental data especially for this type of
differential equation. According to this method the
experimental quantities of (f) and (t/CODs*?) have linear
relationship: (r.s"CODsl"j) = A+B(t). The constants A and B are
determined from experimental data using a conventional linear
regression method. After this. the COD,, and k are estimated
according to the following equations: COD,, = 1/(6A’B) and k
=4.8387B/A.
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D. Two stage anaerobic digester experimental set up

The two stage completed mixed anaerobic digester were
operated at 10 days of retention time. The 1% stage of
anaerobic digestion experiments were carried out in two
stainless steel cylinders with an effective volume of 15 L each.
The first stage reactor was filled with WAS sample, and the
chemical pretreated sludge and adjusting the sludge pH to 12.
Then the effluent of the 1 stage was fed to the 2* stage of
anaerobic digester and the 30% of i stage effluent was
recirculation to the 1¥ stage as the details was shown in Figure

organic matters decreased gradually when Ca(OH), increase.
Similar results were also reported. The effect of Ca(OH),
treatment duration on sludge disinteAgration is also shown in
Figure 2. The increase of SCOD can be divided into two
stages: an initial rapid stage of 30 minutes and a subsequent
slow stage. The similar duration of the first stage can also be
found in other papers [1. 2, 5, 6]. In first 30 min, the
solubilization quantity was 70-85% of total solubilized
organic matters in 12 h. So most efficient treatment duration
was 30 min.

— Supernatant Return <+————

Effluent

Setting Tank

Raw Sludge

9

10

Pre-treatment

Anaerobic Digestion

Fig. 1. Two stage anaerobic digester experimental set up

Methane Measuring

E. Analytical methods

The influent and effluent samples of alkaline and carbonate
recirculation pretreatment were analyzed following the
standard methods [9] for the examination of water and
wastewater including of COD. SCOD. TS. VS, TKN and total
alkalinity. The BOD values were determined by an OxiTop®-
C  measuring pressure head instrument [10]. The
SCOD/TCOD ratios were indicating parameter for capable of
solubility that to reflect the extent of hydrolysis. As well as.
TBOD,o/TCOD ratios were used to evaluated the WAS
biodegradability.

III. BATCH TEST EXPERIMENTS

A. Ca(OH); Enhanced SCOD Fractionations

Alkaline pretreatment were performed under various pH
values and contact times. The overall results of this study are
illustrated in Table 3. That showed SCOD increased during
pH values and contact times were increase. Ca(OH), can
disintegrate the sludge. After 30 min Ca(OH), treatment.
sludge SCOD increased from 296 mg/L to 573 mg/L, 613
mg/L. 773 mg/L, 981 and 1,240 mg/L with the pH values of 8,
9. 10, 11 and 12, respectively. The results showed that soluble

http://dx.doi.org/10.15242/1JCCIE.C0114156
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B. Hvdrolvsis 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 observed during the first hour. Then a
decreasing rate on the SCOD production was observed until
the maximum value was reached. However, for more intensive
hydrolysis conditions (pH = 10) the COD solubilization
increased significantly until the 5% hour of hydrolysis, where
about >80% of the solubilization had been achieved.

1400 ’._____4,_,4/"(—.—4
#1200
g
£ wm —epHE
£ /.-/ a4 ®H?
g o //’—::__r_.___r__.___.__| —a—pHID
£ mmeo—g —SPHII
2 s Ciadii e i -epED
2 4an0 Cd
7 -
200
0
] 015 05 1 3 5 12

Contact times (h)

Fig. 2 Variation of sludge SCOD with duration time during Ca(OH),
treatment.
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Fig. 4 The BOD,y/COD profiles of WAS after adjusted pH
Fig. 3 The experimental quantities of (f) and (t/CODs"?)
TABLEIO

CALCULATION OF THE HYDROLYSIS RATE CONSTANT K AND THE THEORETICAL UPPER LIMIT OF SOLUBLE COD

- N . Maximum tI(ljenge)ucal soluble Hy dml(yl':il]s)‘ rate, k 2
(CODe; mg/L)
8 0.0987 0.0140 1,222.04 0.6863 0.9266
9 0.0987 0.0140 122204 0.6863 09266
10 0.0908 0.0138 1.464.87 0.7353 0.9106
11 0.0843 0.0121 1,938.24 0.6945 0.9075
12 0.0785 00111 2.436.61 0.6841 09075

D. Biodegradability Perfornances

The BOD,y/COD ratios were evaluated during pH values
varying and 5 h of contact time as the results shown in Figure
4, The BOD,p/COD ratio of raw WAS was about 0.08. After
adjusted pH, the BOD,y/COD 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 biodegradation was inhibited at pH 12. This can be
explained by the metabolism of microorganism were inhibited
at the higher values than pH 9 [1. 11].

Hydrolysis of organic matter was limited at high calcium
hydroxide concentration [11]. As results of BOD,/COD ratios
were less than 0.05 when adjusted pH values in ranges of 12
tol4. Calcium hydroxide at low concentration is essential for
the methanogenic bacteria, presumably because it is important
for the formation of ATP or oxidation of NADH. However,
high concentrations of calcium ion was inhibited the activity
of the microorganisms and interfere with their metabolism.
The level of inhibition depends on the concentration found in
the sludge. Very little is known about the toxicity of Ca2+ in
the anaerobic system. Jackson-Moss et al. [12] observed that
Ca®* concentrations of up to 7,000 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.
Theses reported a much lower toxicity threshold. They showed
that the optimum Ca®* concentration for methanation of acetic
acid was 200 mg/L. Ca®" was moderately inhibitory at a
concentration of 2,500-4,000 mg/T, but was strongly
inhibitory at a concentration of 8,000 mg/L [2, 11, 12].
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C. Calcium Precipitation and Alkaline Toxicity Reduction
Potential

Calcium hydroxide can be improved the SCOD fraction but
high calcium ion can be inhibited the microorganism activity.
In this study, the possibility of reusing the produced alkalinity
by recirculation anaerobic effluent was investigated.
Calculations and experiments were carried 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 mg/L as CaCO; during the adjusted pH
to 12, condition. Removal of calcium from the influent could
be successfully accomplished as the result results showed in
Table 4. Recirculation of the anaerobic effluent supplied
sufficient  bicarbonate  alkalinity for  crystallization.
Consequently, no extra chemicals (i.e. Na;CO5 and/or NaOH)
were needed. A chemical equilibrium model, with adapted
pseudo solubility products, is a very useful tool to determine
the proper recycle ratio of effluent for optimal performance.

V.
The ability of chemical and recirculation pre-treatment to
solubilize or remove particulate organic matter has been
demonstrated by the experiments in the first part of the paper,
the comparison and analysis of the treated sludge anaerobic
biodegradability were required to optimize the coupling
process of alkaline and recirculation pre-treatment and
biodegradation.

TwWO STAGE ANAEROBIC DIGESTION EXPERIMENTS
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A. COD and VSS Removal

The alkaline and recirculation pre-treatment was carried out
in the following conditions: sludge concentration were about
7.0-9.0 g/L, pH 12.0 fed into the 1% anaerobic digester (1%
AD). Results of the first stage of experiments on COD
degradation and VSS removal are shown in Table 5. where the
residual COD and VSS are represented. Table 5 shows the
changes in characteristics of sludge samples after alkaline and
recirculation pre-treatment. Since a small portion of the
organic solids was degraded or solubilized into the supernatant
after the pre-treatment, the initial TS and TCOD
concentrations of sludge samples after the pre-treatment were
slightly lower than the control samples but different, and their
reduction percentages were 32-39% and 12-15%, respectively.
These shows higher performances when compared to the
control unit of two stage anaerobic digester without alkaline
and recirculation pre-treatment (Control AD) [13, 14, 15, 16,
171

B. Biogas generation

Biogas production from WAS by 2% stage anaerobic
digestion with alkaline and recirculation pre-treatment was
investigated. The results showed that the methane yield of 2ud
AD with alkaline and recirculation pre-treatment higher than
the control AD about 2 times during operation periods of 100
days. These can be concludes of alkaline can be improved the
chemical hydrolysis efficiency and reducing that toxic by
supernatant recirculation.

V.CONCLUSIONS

Adjusted pH by Ca(OH),, the BOD20/COD ratios were
increased where pH increase but the biodegradation was
inhibited at pH 12. This can be explained by high
concentrations of calcium ion was inhibited the activity of the
microorganisms and interfere with their metabolism. The level
of inhibition depends on the concentration found in the sludge.
In order to inhibit the calcium ion toxicity during anaerobic

TABLEIV
COD FRACTIONATION AND CALCTUM PRECIPITATION PERFORMANCES
Concentrations Concentrations
. /T, /L as CaCO.
Process conditions (mg/L) (mg/L. as CaC03)
TS TSS TDS TCOD SCOD Alkalinity Ca-Hardness
R1 9.945 8.280 1.665 469 88 2,565 360
R2 9.280 8.110 1.17 352 205 2.270 400
R3 10.825 8.270 2,555 352 205 2,955 580
R4 14,525 10.090 4.435 2.053 1.906 2.600 455
RS 13,340 9.630 3.710 3.520 2.346 3.480 790
R6 14,605 11.410 3.195 3.285 2,053 1.850 245
R7 12,355 8.450 3.905 4,106 2,698 2,680 2,815
TABLEV
CHARACTERISTICS OF SLUDGE AFTER TWO STAGE ANAEROBIC DIGESTION (AD)
Parameter Umnit Influent Effluent
Control AD 17AD 2 AD
pH - 5.1-6.9 5.6-7.0 11-12 7.6-8.4
TCOD mg/L 7.157-9.566 6.440-8418 6.080-7.418 42945165
SCOD mg/L 94-296 125-350 567-750 234456
TS mg/T, 6.273-8,420 5,520-7,409 4.205-5,109 32614041
TDS mg/L 410-820 356-765 1,356-2,765 1,244-1,840
TEN mg/L 52-650 123-567 223467 183-367
VFA mg/L 45 150-186 50-300 200-300
TP mg/L 10-19 6-13 10-14 8-12
Methane Yield (L/kg-VS) - 143-150 245-284

Consequently, o Stage anaerobic digester (2mi AD)
showed higher removal efficiency from the very beginning of
digestion. During 100 days of digestion operation, TS and
TCOD removed about 48-52% and 40-46%, respectively at 10
days of retention time. Therefore. alkaline and recirculation
pre-treatment  could  significantly  enhance  sludge
biodegradability and anaerobic digestion efficiency.
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digester. Recirculation of the anaerobic effluent supplied
sufficient bicarbonate alkalinity for crystallization or calcium
precipitation before methanogenic reactor. Consequently, of
2% AD operation with alkaline and recirculation pre-treatment
can improved the biogas yield more 2 times than the control
AD.
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ALKALINE AND CARBONATE
RECIRCULATION PRETREATMENT OF
ANAEROBIC DIGESTION FOR WASTE
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SUMMARY: Experiments were carried out via batch reactor that proposed to preliminary study
for anaerobic digestion reactor and its configuration. The WAS influent contained up to 9,000-
10,000 mg/L of total solids (TS) and 7,000-8,000 mg/L of total COD. The value of raw WAS
biodegradability was about 0.08. After adjusted pH by Ca(OH)2, the BOD20/COD ratios were
increased to 0.56 and 0.59 of pH 8 and pH 9, respectively. However, the BOD20/COD ratios
were decreased during adjusted pH 10 and pH 11 and biodegradation was inhibited at pH 12.
This can be explained by hydrolysis of organic matter was limited at high calcium hydroxide
concentration. Calcium hydroxide at low concentration is essenfial for the methanogenic
bacteria, presumably because it is important for the formation of ATP or oxidation of NADH.
However, high concentrations of calcium ion was inhibited the activity of the microorganisms
and interfere with their metabolism. The level of inhibition depends on the concentration found
in the sludge. Removal of calcium during anaerobic digester could be successfully accomplished.
Recirculation of the anaerobic effluent supplied sufficient bicarbonate alkalinity for
crystallization. Consequently, no extra chemicals (i.e. Na2CO3 and/or NaOH) were needed. A
chemical equilibriun medel, with adapted pseudo solubility products, is a very useful tool to
determine the proper recycle ratio of effluent for optimal performance.

1. INTRODUCTION

The activated sludge treatment process is one of the most common methods used in a sewage
and industry wastewater treatment plant to remove organic contaminants. The large amount of
waste sludge. constituting of refractory and non-biodegradable cellulose compounds, which 1s
produced by this process leads to the difficulty of sludge disposal (Chang and Lo, 2002). In the
field of sludge treatment. the terms pretreatment, co-treatment, disintegration and hydrolysis
usually refer to processes which are combined with the main biological sludge treatment process.
The objectives of the overall treatment frain is to remove organic material and water, hence
reducing volume and mass, remove degradable material, which prevents subsequent odors and
pathogen vectors, and remove pathogens (US.EPA, 1993). Anaerobic digestion is a favored
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stabilization method compared to aerobic digestion, due to its lower cost, lower energy
footprint, and moderate performance, especially for stabilization (Appels et al., 2008). Co-
treatment processes aim at enhancing the main anaerobic digestion processes by altering
physical or chemical properties. The two basic properties that determine sludge behavior are
degradation rate (often defined by a 1* order coefficient), and extent, or conversely, nert
fraction (Batsone et al., 2009). Co-treatment processes may change either property, and can
be located in a number of places in the treatment plant. In the case of main treatment plant
enhancement, the main process is manipulated to provide improved degradability. Changes in
either kinetic degradation rate or degradability will enhance gas production and anaerobic
digester performance. Improving rate can also allow process infensification, with the faster
kinetics allowing for the same performance in a smaller digester, and thus decreasing
hydraulic retention time (HRT).

In order to destroy the refractory structure of waste activated sludge (WAS) and increase
its biodegradability, a physio-chemical pretreatment method is commonly carried out to
transform the particulate compounds contained in WAS into soluble compounds (Chang and
Lo, 2002; Achu and Liu, 2009; Lin et al., 1999). The chemical pretreatment 1s too efficient
and cost-effective that capable in ambient temperature. Alkaline destroys floe structures and
cell walls by hydroxyl anions. Extremely high pH causes natural shape losing of proteins,
saponification of lipid, and hydrolysis of RNA. Chemical degradation ionization of the
hydroxyl groups lead to extensive swelling and subsequent solubilization gels in sludge
(Yiying et al., 2009). Kim et al. (2003) who used the alkaline pretreatment were performed at
pH 12 and 30 minutes of contact time by various alkaline agents at ambient temperature.
Those results showed the soluble COD values were ncreased about 39.8%. 36.6%, 10.8%
and 15.3% for NaOH, KOH, Mg(OH), and Ca(OH),, respectively after added alkaline. As
well as Chui et al. (1997) reported that the percentages of SCOD to total COD (TCOD) were
mcreased from 3.31% to 36.3% by alkaline pretreatment. Ca(OH), pretreatiment for WAS has
an attractive because it lower cost than the other alkaline. However. the metabolism of
microorganism were inhibited when high values of salt concentration in WAS. Ca(OH),
pretreatment for WAS causing of high calcium concentrations. Problems due to accumulation
of calcium carbonate in anaerobic reactors can be avoided by applying a crystallization
reactor to remove calcium from the influent. The possibility of reusing the produced
alkalinity by anaerobic effluent recirculation was investigated in this research. Calculations
and experiments were carried out to investigate to what extent calcium could be removed
from the alkaline pretreatment sludge before feed to anaerobic reactor. Also, this study has
attractive to investigate the effect of Ca(OH), pretreatment on WAS biodegradability. As
well as, the solution for salt concentration toxicity reduction by carbonate recirculation.

2. MATERIAL AND METHODS

Waste activated Sludge (WAS) and Anaerobic Effluent

The waste activated sludge (WAS) samples were taken from the secondary sedimentation of
activated sludge wastewater treatment in a food factory. Also, the anaerobic effluents were
taken from the upflow anaerobic sludge blanket (UASB) effluent in a tapioca starch factory,
Nakhon Ratchasima municipality, Thailand. The WAS samples and anaerobic effluents were
stored at 4°C for stabilization components before used in experiments. The WAS and
anaerobic effluent characteristics are shown in Table 1.

-81-
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Alkaline and Carbonate Recirculation Pretreatment

Alkaline and carbonate recirculation pretreatment investigation were devised info two main
parts study. Firstly, the experimental were performed by Ca(OH), adjustment via pH value
variation in ranges of 8, 9, 10, 11 and 12 for soluble fraction and biodegradability evaluation.
Also, the contact times were varied by values of 0.25, 0.5, 1, 3, 6, and 12 h, respectively
under anoxic condition and ambient temperature. Secondly, the influencing of recirculation
on calcium precipitation and toxicity reduction were evaluated by WAS to anaerobic effluent
ratio variation as details in Table 2.

Table 1. Waste Activated Sludge (WAS) and Anaerobic Effluent Characteristics

-82-

Parameters Unit WAS Anaerobic Effluents
pH - 6.9 =£0.51 7.8=0.42
TCOD mg/L 9,566 =1,215 1,234 +500
SCOD mg/L 296 £94 343 =65
BOD,, mg/L 780.6 £46 154£54
TS mg/L 8,420 + 273 1,323x76
VS/TS - 046 0.37
TKN mg/L as N 650 =52 250+ 46
Total alkalinity  mg/L as CaCOs 3644 +119 1,974 + 91

Table 2. Process conditions for the batch test reactors R1 to R7

Recirculation Ratios

Process i
o PH adjustments
conditions WAS (mL) Anaerobic Effluent (ml)
R1 100 100 -
R2 150 50 -
R3 50 150 -
R4 100 100 pH 12
R5 150 50 pH 12
R6 50 150 pH 12
R7 200 - pH 12

Obtaining the COD Fractions

The carbonaceous material characterizations measured in terms of the COD parameter were
subdivided into a number of fractions following Wentzel, et al. (1999) as shown in Figure 1.
That is presented to quality four COD fractions—unbiodegradable soluble (USCOD) and
particulate (UPCOD), readily (BSCOD) and slowly (BPCOD) biodegradable.
Biodegradation fractions (BCOD) were calculated from the measured of the total COD
(TCOD) and BOD 20 days with inhibited nitrification. The BOD values were calculated
using negative pressure values from the OxiTop®-C measuring head (Boursier et al.. 2005).
The particle and colloidal were separated from soluble fractions by filtration method through
a glass fiber filter (Whatman’s GF/C).
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Hydrolysis Kinetics

At constant temperature and pH, the rate of hydrolysis is a first-order function for the
conversion of particulate biomass to utilizable soluble substrate. In this study a first-order rate
expression of the degradable particulate COD, was tested, according to the following
expression (Vlyssides and Karlis, 2004):

d(CODY

—— = k(COD,, —SCOD) (1)

where SCOD = soluble COD concentration, mg/L; PCOD = particulate COD
concentration, mg/L; CODyy = nonhydrolyzable COD, concentration, mg/L; COD,, =
maximum theoretical soluble COD, mg/L. =P COD) CODyy; k = first-order hydrolysis rate

1
constant, h .
Tota COD (TCOD)

L Biodegradable (BCOD) [ Unbiedegradable (UCOD) J

Slowly biodegradable, Readilly biodegradable, Unbiodegradable Unbiodegradable
particulate soluble particulate soluble
(BPCOD) (BSCOD) (UPCOD) (USCOD)

Figure 1 Division of COD fractions in two DHS systems

In the above equation, the two unknown parameters, k and COD,, can be determined by
the method of nonlinear curve fitting of experimental data especially for this type of
differential equation. According to this method the experimental quantities of (f) and
(t/CODs'?) have linear relationship: (t/C ODs'?) = A+B(t). The constants A and B are
determined from experimental data using a conventional linear regression method. After this,
the COD,, and k are estimated according to the following equations: COD,, = 1/(6A°B) and k
=4.8387B/A.

Analytical methods

The influent and effluent samples of alkaline and carbonate recirculation pretreatment were
analyzed following the standard methods (APHA. 2005) for the examination of water and
wastewater including of COD, SCOD, TS, VS, TKN and total alkalinity. The BOD values
were determined by an OxiTop®-C measuring pressure head instrument (Gatti et al., 2010).
The SCOD/TCOD ratios were indicating parameter for capable of solubility that to reflect the
extent of hydrolysis. As well as, TBOD,o/TCOD ratios were used to evaluated the WAS
biodegradability.
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3. RESULTS AND DISCUSSION

Ca(OH); Enhanced SCOD Fractionations

Alkaline pretreatment were performed under various pH values and contact times. The
overall results of this study are illustrated in Table 3. That showed SCOD increased during
pH values and contact times were increase. Ca(OH), can disintegrate the sludge. After 30 min
Ca(OH); treatment, sludge SCOD increased from 296 mg/L to 573 mg/L, 613 mg/L, 773
mg/L, 981 and 1,240 mg/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
results were also reported by Xiao and Liu (2006). The effect of Ca(OH), treatment duration
on sludge disinteAgration is also shown in Figure 2. The increase of SCOD can be divided
mto two stages: an initial rapid stage of 30 minutes and a subsequent slow stage. The similar
duration of the first stage can also be found i other papers (Navia et al., 2002; Cai et al.,
2004; Xiao and Liu, 2006). In first 30 min, the solubilization quantity was 70-85% of total
solubilized organic matters in 12 h. So most efficient treatment duration was 30 min.

1600

1400

1200 1

1000 1

800 1

600

400 1

SCOD concentrations (mg/L)

200 1

0
Contact times (h)

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

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 observed during
the first hour. Then a decreasing rate on the SCOD production was observed until the
maximum value was reached. However, for more intensive hydrolysis conditions (pH = 10)
the COD solubilization increased significantly until the 5™ hour of hydrolysis, where about
>80% of the solubilization had been achieved.
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Table 3. Calculation of the hydrolysis rate constant k and the theoretical upper limit of
soluble COD
Maximum theoretical _
pH A B soluble COD hﬁ,dm]“;}:}j rate, k rz
(CODx; mg/L)

8 0.0987  0.0140 1222.04 0.6863 0.9266

9 0.0987  0.0140 1222.04 0.6863 0.9266

10 0.0908  0.0138 1464.87 0.7353 0.9106

11 0.0843  0.0121 1938.24 0.6945 0.9075

12 0.0785  0.0111 2436.61 0.6841 0.9075

Biodegradability Performances

The BOD,/COD ratios were evaluated during pH values varying and 5 h of contact time as
the results shown in Figure 4. The BOD,o/COD ratio of raw WAS was about 0.08. After
adjusted pH, the BOD,,/COD ratios were increased to 0.52 and 0.59 of pH 8 and pH 9.
respectively. However, the BOD,o/COD ratios were decreased during adjusted pH 10 and pH
11 and biodegradation was inhibited at pH 12. This can be explained by the metabolism of
microorganism were inhibited at the higher values than pH 9 (Chen et al., 2008; Zhang et al..

2010).
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Figure 4 The BOD,o/COD profiles of WAS after adjusted pH

Hydrolysis of organic matter was limifed at high calcium hydroxide concentration (Chen
et al., 2008). As results of BOD,/COD ratios were less than 0.05 when adjusted pH values in
ranges of 12 tol4. Calcium hydroxide at low concentration is essential for the methanogenic
bacteria, presumably because it 1s important for the formation of ATP or oxidation of NADH.
However, high concentrations of calcium ion was mhibited the activity of the
microorganisms and interfere with their metabolism. The level of inhibition depends on the
concentration found in the sludge. Very little is known about the toxicity of Ca2+ in the
anaerobic system. Jackson-Moss et al. (1989) observed that Ca®™ concentrations of up to 7000
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 (1964) reported
a much lower toxicity threshold. They showed that the optimum Ca’" concentration for
methanation of acetic acid was 200 mg/L. Ca®" was moderately inhibitory at a concentration
of 2,500-4,000 mg/L, but was strongly inhibitory at a concentration of 8,000 mg/L. (Appels
et al., 2008; Chen et al., 2008).

Calcium Precipitation and Alkaline Toxicity Reduction Potential

Calcium hydroxide can be improved the SCOD fraction but high calcium ion can be inhibited
the microorganism activity. In this study, the possibility of reusing the produced alkalinity by
recirculation anaerobic eftluent was investigated. Calculations and experiments were carried
out to investigate to what extent calcium could be removed from the influent. Experiments
were carried out in batch fest study. The influent contained up to 2,815 mg/L. as CaCO;
during the adjusted pH to 12, condition. Removal of calcium from the influent could be
successfully accomplished as the result results showed in Table 4. Recirculation of the
anaerobic effluent supplied sufficient bicarbonate alkalinity for crystallization. Consequently,
no exfra chemicals (i.e. Na,CO; and/or NaOH) were needed. A chemical equilibrium model,
with adapted pseudo solubility products, is a very useful tool to determine the proper recycle
ratio of eftluent for optimal performance.
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Table 4. COD fractionation and caleium precipitation performances

Concentrations Concentrations
Process (mg/L) (mg/L as CaCOj)
conditions s 7SS  IDS TCOD SCOD  Alkalinity Haf{;:ess
R1 9,945 8,280 1,665 469 88 2,565 360
R2 9,280 8,110 1,170 352 205 2.270 400
R3 10,825  8.270 2,555 352 205 2,955 580
R4 14,525 10,090 4,435 2,053 1,906 2,600 455
RS 13,340  9.630 3,710 3,520 2,346 3,480 790
R6 14,605 11,410 3,195 3,285 2,053 1,850 245
R7 12,355 8,450 3,905 4,106 2,698 2,680 2.815

4. CONCLUSION

In conclusion, the waste activated sludge (WAS) was high slowly degradation that
disadvantage of anaerobic digestion or conventional digesters. Alkaline pretreatment have
capable to improve WAS biodegradability by increased organic solubility fraction or soluble
chemical oxygen demand (SCOD). The SCOD increased during pH values and contact times
were increase. Most of soluble organic was increased at pH 12 and 5 h of contact time (about
80% of initial SCOD). However, the BOD,o/COD ratios were decreased during adjusted pH
10 and pH 11 and biodegradation was limited at pH 12. This caused by the metabolism of
microorganism were inhibited at the higher values than pH 10. Results showed that the
possibility of reusing the produced alkalinity by recirculation anaerobic effluent can be
reduced microorganism toxicity from the calcium ion concentration via alkaline pretreatment
process.
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