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A Study on Autocontrolled SBR for Biological Nutrient

Removal with External Carbon Sources
Pyung Jong YOO

Department of Environmental Engineering, Graduate School,

Pukyong National University

Abstract

Sequencing batch reactor(SBR) process is a wastewater treatment plant which
only operates fixed-time and often lead to unnecessary resource consumption for
maintaining system functions. The purpose of this study is to improve the quality
of the treatment process in order to achieve more suitable conditions of
Anoxic-Oxic-Anoxic-Stripper(AOAS) SBR through real-time control.

To improve the efficiency of removal rate, glucose, methanol and synthetic food
waste acid fermentant were added as an external carbon source. In the case of
glucose and synthetic food waste acid fermentant, TN, TP were removed to
average 86.9%, 73.0% respectively. The synthetic food waste acid fermentant
proved to be the most efficient and allowed for the substitution of an external
carbon source. The removal rate of COD¢, was approximately 90% in all cases.
The results of the study that a correlation between ORP (Oxidation- Reduction
Potential), pH and DO and nitrification or denitrification when an external carbon
source is added and when it isn’'t was showed that 4ORP is suitable parameter.
ORP reacted properly to denitrification (4ORP < -10) and nitrification  (JORP
<0).

- vii -



The use of real-time control saved anywhere from 61 to 67 minutes at the
anoxic(l) stage and from 26 to 52 minutes at the oxic(l) stage. When the time
saved from the anoxic(l) and oxic(l) was added to the anoxic(2) stage for the
removal of TN and TP increased from 07 to 139 % and 12 to 35 %
respectively.

When we operated the modeling of the above results and inspected them, they
corresponded well. We could predict the effects of real-time control operation for

the future load change.
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2NO: + 02 — 2NO3 (2.2)
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NHs + 1.830; + 1.98HCO; —
0.21CsH70oN + 0.98NOs  + 1.041H20 + 1.88H2COs3 (2.4)
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Table 2.1 Nitrification cell yield coefficient (Poduska, 1973)
(unit g-cell/g-substrate)

Nitrosomonas Reference Nitrobacter  Reference

0.005 Johnson(1964) 0.04~0.07 Gould(1960)
0.03~0.010 Loveless(1968) 0.02 Downing(1964a)
0.29 Haug(1971) 0.084 Haug(1971)
0.05 Knowles(1965) 0.02 Knowles(1965)
0.05 Downing(1964b) 0.02 Lees(1957)

0.06 Baas-Becking(1927) 0.02 Boon(1962)

0.13 Nelson(1931)

0.06 Skinner(1961)

N

2 (24 FRYotrt dtEe T B 49 alkalinity’t 2ARFHE RAE 2
7 gtk w9 mgNHs -No] Azt of oF 7.14 mg/L(as CaCOsz)9lalkalinity 7} &K
= oAor adA etk 248 U4l dRYoE FEsF 25 mg/LolH, 2
gete 5% alkalinity® 80 mg/Llas CaCOE #3171 fslA = 260 mg/Lel

alkalinity 7t @3tk ol Hi e gol A dabstel Hadh A pHE F e

i

R
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Poduska(1973)2 < 243} v 8L o] &3t AAsvAEe TS FAds
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Table 2.2 Stimulatory concentration of micronutrients for nitrifying bacteria
(Poduska, 1973)

Compound » Concentration, mg/L
Calcium 0.5

Copper 0.005~0.03

Iron 7.0

Magnesium 125~0.03
Molybdenum 0.001~1.0

Nickel 0.1

Phosphorus 310.0

Zinc 1.0

A Aat &
AAsE FHoln, Fad $HFHA &5, §&F44, pH 58 #Adde o dA
SRTE Monod®] FH &=t Hd =yl R3ts 8T & gle dd AsE =
sta] Feict sty 2 APl dFE Edl2  Poduska(1973)& #3549l
gdryol FEE AAA E& 1 olstz FA] AF HdATe AdEE/ATT
SZ ARbEUT

SRT4 = Skx(SRT) (2.5)
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Downing(1964)% pH 7.2~809 #eldMe ZisEze F3e A ey,
pH 7.20]5tol e Auldlste] Bl FA&o] A4S BATY Hall(1974)2 pH 7.0~
949 WY olAE s A7 Aol 6305t AEH AL dorkA]
oeS wustah pH 7208t ESdMdE v FA &l Wi oI 2L Aol



EPAc] ofaf &gt

Lopt - (12 n72)[1-0.8337% PH] (2.9)

University of capetown(1984)ol A1 zlgtel A2 ti&z Zoh

foph  (#n72)(2.35)°077 (2.10)

F Ag o] &3S o pH 65042 #Abst&2 pH 729 42%% 55% % ATt
pH 6594 ] Nitrobacter®] HA+3t&2 pH 759 60%A =l th(Blum, 1991). &2
AroME EAHARE AES o1& dT7NA 20T, pH 69¥¢ F ¢ BAEE
pH 7.009149] 84%A = Ao g B At Antoniou , 1990). 15CA 2] pH 6.8<]
Akt &S pH 7.89 42%<Q Ao #taFon, e 2R pHOl Pio] & A
o2 wE At oXd nAELE Yol AdFE d¥gET pHY JFS d wed
2 pHellM A€ 9ABELE ojde A F2&S I5F + Uth(Stankewich, 1972:
Haug and McCarty, 1972).

flo

o

>

AL

601:

_.f_.
~—

EEA

Aaksto] 43 Aol FPAstA vebdo
Downing(1964)& £&F42 0.3 mg/L °ld9 F5& HAT FAAAH Aitsr o
ooz &g o, Schoberl® Engel(1964)9] A ¥ M= 1.0 mg/Leldel XA
£ Nitrosomonas©l] 213k ofAAsto] 3ol ¢l 20 mg/leldd FEoAAME
Nitrobacter?] AAr3le] &S Fx ogrr} T3 10 mg/Lel DOFEY 25T ~35T
ol ¥ 3t EoA Nitrobacter winogrdski® A& W3 A7 o]Fof Hrt 10
mg/Le FEAME 20, 237, 29, 35C2 235 FT4&9 79, 80, 70, 58% B =2 g
< e A

A& A2 o] &3 Ao E DOZF 1.0 mg/Lol’dold Airstgo g vz
% Aoz JebtiDowning et al., 1964: Wild et al., 1971). Whurman(1963)2] <1
FolE DO E7F 4000A 70 mg/Lo2 Wsh w Aasige Wl gid o} 1.0

of

mTo
T
rir
o
i
>
b
o
o
rir

F
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mg/Lll e ot & 90%AEe Hakalg 2 HAth Negeld Haworth(1969)=

DO%F =7} 1.0 mg/LalA 30 mg/L22 FobAld s ee Fulg Frtste Ao

B stk

DO9 9&S Uelgede dEYelsEe DOsEE &4 E3c double Monod
]

2
kinetics 2lo] vty o2 o]l = Yo},

(/1 n,mux)N DO
v (211)
KatN K,+DO

JAWQPRCS A7 dEo] HE3A Ty Aatslg BdydA 22 A& AR
31 2tk oju Ko& 1.0 mg/Lolth Table 239l Stenstrom¥® Poduska (1980)7F
A & Kgte JdeErdz Ao

Table 2.3 Reported half-saturation values describing effect of dissolved

oxygen on nitrification rates

Organism K,, mg/L Reference

0.3 Loveless and Painter(1968)
Nitrosomonas 0.25 Peeter et al(1969)

0.50 Laudelout et al(1974)
Nitrobacter 1.84 Peeterset al(1969)

0.72 Laudeloutet al(1976)

0.43 Stankevich(1972)
Activated sludge 2.0 Nagel and Haworth(1969)

o) 2=

oo e Ao FEk eRrt 24E5E weAE %S YMHoR v

deh Be ArAEe] 2R % . HFEY) At 4Pe FyYs, 2
2317k Table 24 o AA=o Atk o A%E Fig. 229 1HZ2 YepyRon, 2

- 11 -



MA7E o f WS AL g2 Ayt TAEed dFE s AE HoF1 gl
ge JxasEAE uwvrdE, vAEe EFHA7], pH, &4
Downing 5(1964)° <ls A+E E2 HA=ZolA Lol & &

of ZAMSE ghEo|th ml= EPA2 Nitrogen Control manual(1975)elX & 20T HZF
Age 03~054d'9 ¥z Ad Aok

Table 2.4 Effect of temperature on nitrification maximum specific growth rate

. U nmax A amax, d
Source

vs. Temperature. C 10C 20C 30T
Downing(1964a) (0.047)e'"™™ " 0.29 0.47 0.77
Downing(1964b)  (0.18)e*"™" ™ 0.10 0.18 0.32
Hanaki(1990b)  (0.50)10"™"*' = 0.23 0.34 0.50
Barnard(1975)  0.33(L.120' ¥ 0.10 0.18 0.37
Painter(1983) (0.18)e" W 0.12 0.18 0.26
Beccari(1979) 0.27
Bidstrup(1988) 0.65
Hall(1980) 0.46
Lawrence(1976) 0.50

_12_
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0.7 1
-F . O DOWNING 1964A
= 0.6 J DOWNING 19648
3 a
g @ HULTMAN
©
- 4
5 05 M BARNARD
£
° 4 PAINTER
% 04
£ A BEccarl
;g.’ 0.3 * BIDSTRUP
g ® HALL
g ]
'5 62 ¢ LAWRENCE
=
01 1
0 -

0 5 10 15 20 % 30

Temperature, oC

Fig. 2.2. Vanation of nitrification maximum specific growth rate according

to temperature(Metcalf and Eddy, 1991).

Qo agel MEH PFKIE GRAY FEAGUNARY WEY BrR) v
2 Rew 284 Avh Knowles 5(1965)2 229 Kq9 #TAIAE &3 Zol A

K, = 10 "®1TH® (2.12)

o] A2 o]&3}H 10T, 15T, 20CAIA 9] K,& 023, 041, 0.74 mg/Let B 13
ot AibslATe] AYEL 8~30THHoA 5o &) akg e HAH 2%
¥ 9 30CHE Huxx o}

h @8l olAlsh 54

(e}
dostel g e g2z T59E A e vel ZAdo] odH, 53 9R Fo
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& 2 YA/ Ege] NAsh SHE Yol WY vlAE Gl U
Wb SASA2R0 EAes 2AW TE 9 wAEe] YHAX

th. Table 2.5v #HAMsE HWafshs %715}%%9] T sxolth

r;
=2
Jo
ofy
ko
ol
e}

o
X o EyolzxE 01~1.0 mg/LolA s &
o, bR Uo} 4t AfUdR Yol BE 5-200 mg/LelA elA €Tk F& pHolA
Zujohs] opdatgo sl Ashe ohaage Addoze stuct o wel g

GO

Table 2.5 The main inhibition material for nitrification

Organic Compounds Concentration (mg/L.)
Acetone 2,000
Benzene 13
Chlorine 1
Thiourea 1

OEELER-E

D 42EH 249 Ae

AEeAQ e B9 F A REE e, FHE AZTHES A 44
2 dryolz PHsHE Zolw DO waAglel Uoiuty A8t E R}
EAsA e W Jojdrh wele] st wFel MR AU HYe) Yow, NOs
S N0y — NO = N0 — Nool 48 werh gazge iz g 9704 =

A AW §712 e §AAATAAI Aastrh ey, $ENLT EAT

..14..



Agole weolrt ol gate AAFEAE AUAAPT) 440l F& UAE © 8
sl HE2 gawgol A Astan,

7h A=

g 1800t EFol A AaAEo] wAvsis A AHdr] 8 d4dE E71
A AT 197639 Meusele E¥I FFoA dibo] ZAadte AL S wiol
gtal Fastg e, 18329 Gayon# Dupeits F7IAdx oA 7h&7E SAsts A
S A9ty f& gdolgts 4 27 AR, g4 #oste nAdES Be
Fol gloy fungit}t algaet BFFol flrh 2L TEHYGoly SHAEY A S
o) dol & £ Uvt. FE£9F ulWEZE Achromobacter, Acinetobacter, Agro-
bacterium, Alicaligenes, Arthrobacter, Bacillus, Chromobacterium, Coryne-
bacterium, Flavobacterium, Hypobacterium, Rhodopseudomonas, Spirillum, Vibrio
Sol o olE F PR HM B ok olyg AAE o8& 4 glow, HAbn
A7l Q8 A HEE do 5 U SHAYYUARES ©HAYoE FUlEA o
A oA e AY FeAd e ol &3ttt Paracoccus denitrifier®t Thiobacillus de-
nitrificans= 2zt 49 #FIEL HWAFAAZ o] &8t F7] Bh o]l A
Hoolgs 5 £ JUYA oz v £ o Hyphomicrobiuma 5ol 739 ExA|
THo R f9sith o5& £ ofgol] R A #HF 9 prosthesisE Wo] Woldh

th ol 52 B©AYoR B TR, 2FS o]

g zel Aol Aot AxE AHALE LAY Bed @9 F
Agolch ds-2y Wrhg M4z ZAASA Bed sldel Fe ABE
Jastch AFALl 2AE AY 7P ASHE 2He) As-#Y weE o
o3zl Yehulgd

5CH30H + 6NO3 — 3N + 5CO; + 7TH20 + 60H (2.13)

5CH3COOH + 8NO3 — 4Nz + 10CO. + 6H.0 + 80OH (2.14)

_15-



5CHs + 8NO3 — 4Ny + 5CO2 + 6H20 + 80OH (2.15)
CioHpwO3N + 10NO3 — 5Nz + 10CO» + 3H:0O +NH3+ 100H (2.16)

gol He FHGY TAYolo, U9 meel A4 A4k BP9 357 mg/l
o) alkalinity7t 44 9tk BOD/NOs-N9| vl 400]0f, sgtgo] sejx Aabast v
oA greryon b Agech Ay A2 AR A% gL o
FHe g 2ok

M = 247(No) + 1.53Ni + 0.87DO, (2.17)

9 A o]l gt AT CODSFHL 371019 Stensel (1973)2 A PAdAA
3459 e dden), o7& SRTH FFg we ez uyeEwWn. Fig 239d=
COD/NZ AEZF2 AFstel BAZ detlider, & AL 4L /7l T/
SRT9 42 Wtk SRT7F 2o & AxX e ZFast U E
S #dsly] 9istd Ead CODY ¥&= ZAadoh COD/N Hl=

st o ol U X Akl Abg =tk b e ohg A ofsl AT

|

COD = CODs + CODg (2.18)
CODe = 2.86Ng (2.19)
CODy = 1.42m (2.20)

=2 A4 Yn#} CODel #& VSSAF ol

Hr
ol

m = YnCOD (2.2

- 16 -



Yn = ———— (2.22)

COD = 1.42(Yn)COD + 2.86Ng (2.23)

2

COD/Ne.g oz A 913k Abs-2hd whgof Al8d CODS AMZFA) AHed
COD %& 4&8 + Uoh vSSel 10%2 Fa7t &fso vkn 7H48a CODN
COD/N = COD/(Ng+Nsy) (2.24)

COD/N = COD/(Ng+0.10YnCOD) (2.25)

A (223)e] NeB 2 (225)0l digsid 24 Bad COD/NulE 78 + Ut

COD 2.85

- " (2.26)
N ~1.134Yn

- 17 -



COD /NO,-N ratio, g/g

0 T Y r T T
005 0.10 0.15 020 025 0.30 0.35 0.40 045

. T

Net biomass yield, g VSS/ g COD

Fig. 2.3. Effect of net biomass yield on COD consumed for nitrate reduction
(Prakasam et al., 1979).

DUES Y Y7122 o] F A2 WBLe FASE S PHE
W @do] oja AT a0l wel sAsolok drk £ wAFYse g
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- @1z £71x el AAst FHAst 226 2o @Al Agste

Al 2~ =

- 271F7F el $jAsto] drE ol AT Fol o AAgL Ao #

o] o]y Alxd]
- Z71xef AAzvE FelEo] vErgo] e ol A dke] AAE A F4Y
S5 Al

O AgAzxe] %23 (Pre-anoxic denitrification kinetics)

N9 ARES 27 93l 71" U 2AFAE WA Aok st AEFA
g Ay Aae Y& WAHZES AAS] Asl A Ao FAF ALE
g 71de] BAE ol% & F AUth o] WP AETH MYdA 7|FAAL WAE
2 ¥R ste AdAreTFEHE File W fabsioh 2] (2272 FAbe] # o)
et A& el Aok

1.42
Rno = ARsy + ——— KuX(Epw) (2.27)
2.86

A714 ASZEe H22)E AFYstel TT + AD H@2Ne /1A o) @
A8 MEFHIR ASHE AL dehis] Bl Yy Al YE A ¥ & Uk

1-1.42Y
A= (2.28)
2.86
A WA anoxicx o] A HANAMe BEAFAE YElUR

Q = QS, + rQS: + RQS: - (Q + rQ + RQ)S1 - RaV (2.29)

71 ol &8 Rae A (2239 Ry thdol #47F 21

I‘tsu = R\| & (230)

_19_



Ym S1 Ko NOi
Rsu = X (EDN) X X X (231)
Y Ks1+S; Ka+O Kyos+NOy

4 (2293 4 23D%E S% Rwd T2 A8l AEH L, 4 (22DF ©185% Ru
S FU4 AU Ru® 28AZE AUNE B4Y ALE TH A 1Az A
PRl 2 Aol AR 4 o

O>'

O = RQNO + rQNO - (Q + rQ + RQINO; - RnV (2.32)

o] 29 mdo HIHL Ao o] AF9 parameter?] ol FFL Lo

. K CAASR e wE 3 A(NOyE 05~1.0 mg/LGct. v
FEE Eonol® um, Y, Ks ol #3 Ag7F S84 %o McClintock %
(1988)2 Y=53%, Kd=51%, umc HAHATE Az & o ZA3FAdd HA559 &

gg FAde dasieE 71 we éH(rapld uptake)$t A & (storage)e] <o)
7 o]

g7l wie] HEgd&e 71Esty] A5

SDNR = Rm)/XH (233)
A(Rsu) 1.42KdEDN

SDNR = + (2.34)

Xu 2.86

Rsu Q(So-9)

SSUR = = = E/M
X Vixm

SDNR = 0.03(E/Ma) + 0.029 (2.35)
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0.09

0.08

0.07 {

0.06

SDNR, g N/ g TSS d

0.05 1

0.04 -

0.03 y T T T y
0.0 0.5 1.0 15 20 25 30

Anoxic zone F/M ratio, g BOD/ g VSS - d

Fig. 24. Variation of specific denitrification rate according to anoxic F/M

ratio(McClintock et al., 1988).

Table 2.6 Denitrification rate of temperature coefficients for pre-anoxic zone

(domestic wastewater carbon sources)

Value of temperature correction

Reference
coefficient
1.10 Mulburger(1971)
1.06 Dawson and Murphy(1972)
1.09 Barnard(1973)
1.20 Barnard and Marais(1984)
1.07 Kaas and Anderson(1989)
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sgAg - WAEE

S
-101

(Post anxoic denitrification rates-endogenous respiration)

Aabstz Ho g@dx7 o8 FYPoE HAZ o|Fde sHY vx7F HA FE
o golxlu gA48L ¢ Ay WATE o §E5HE 7o 7S we
t} =22 EPA°lA] 39 Nitrogen Control Manual(1993)el A= W4 SDNRe| Hwt
29l W= 0015~0.06 g/g - d2 A<tstAdch. AP A2 aerobic-anoxic A el
SDNR<& SRT9} specific carbonaceous oxygen uptake rate(SCOUR)2} #A7F ot
HAZ FolA 9 *}ﬁ:"l%%% I zAANAM ] AFAEEY 128k e
Whurman(1968) Ateh 24 Az F o Bl A4S o3l 20CA 2 SRT<
SDNR9| #A= thgA oz HdE

P

mlm

l

t

SDNR = 0.12(SRT) *™ (2.36)
xR AAS(9)E 102018 4 (236)e EAHLEZAN o8 FEHUOSM, SDNR
S Hgo Aol ot ¥k aelrE SCOURS #E387] 93 Aoz HEE SDNR
g Fahe Ao o At
An 1
SCOUR = x (2.37)
Y~r SRT

SDNR2 SCOUREZ%®H HFx€th

F An 1
SDNR = X X (2.38)
2.86 Yy SRT

An® Yyrd g Ao2iE 78 & o

1.42KaYSRT
An = 15-142Y + ——m— (2.39)
1 + KdSR’F
Y Xi _
Yar = ‘ (2.40)
1 + KaSRT So
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Table 2.7 Denitrification kinetic coefficient using methanol for organic substrate
(Whurman, 1968)

Parameter 20C 10C
Synthesis  yield coefficient, YgVSS/g

COD used 0.18 0.17
Endogenous decay coefficient, k2, g/g - d 0.04 0.05
Maximum specific substrate utilization 103 31

rate, KgCOD/g VSS-d
Half-velocity coefficient, Ks, mg/1 9.1 126

“.;

2) Ageta g vAe 9
7h) pHE %%

gdo] WAHE ¢ alkalinitys AMHR pHF AM3 bl Aok Gabs
Mg te g2 A4sig oid pHel dFe He Ao weln, HA pHE 7.0%
zolch pH 6.02 8042} B2&S pH 704049 50% A x=olth pHE 7.0 40,
8O 95% WEAZE W vlHHoR GAEL F2dn FHNM LRl pH
zANA N,O7F BA7bA20 Aol ZxlE= Aoz Jeyrh

L) Ao g3

T AEF AgdM DOZF 0.2 mg/Leldd u Pseudomonas® €2 A€t
(Skerman et al. 1957). 4 E3t4 FAA DOFE=EAE A DOF=E7F 44 7
AE ZYo DOFEE YehA &Ede Zolth DOZL 09 Aeiu F4ka x4
RE B FES AH DOFE, EY9 A7) AL FFEN 4FE T 771
Zol} gtmyjo}l Ralol o z$-€r}l. 4-channel 23T M= 03~0.8 mg/L, 4
el A FHAME 05 mg/L, batch testll & 0.3~05 mg/LAES DOEEANA €4
o] FAHAL DOT BAEL AAY ¥ % ot} BAL: IFE 717 DOF
=7F 02 mg/LY o €48e 0¥ do o AwrAroln sige el ojM= vt
A7kA o)tk 2.0 mg/L7AA FE7F et €A & 0% = Eolxn. Batchelor
(1982)4 DO7F #4A&S oAst= 28 7Hetslad Multiple Monod Kinetic Model &
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o] &3t 1, IAWPRCOAME FAazzNAMe 48 S48 243ty g 2o
ME o) E o]&3t%tt Batchelor(1982) = =44 K.5 025 mg/LEZ IAWPRCA
A= 010 mg/L2 3H3dTh

S Ko NO
Rn = £m (Epw)(Xn) X X X (2.41)
Ks+ S K, + O NOs + NO
A ALAATH] T2 nAdES g7l FAszdoR W v
SAAY AAY - AAM M T AL GANAEY A #UYFA ¥

g stel vl ste] Fagh Alzkolch oo W g E
Knowles(1978)= Azospiriiume) AAAAEZ 93+ A7t 24]7k0]
g 9101 Payne(1981)# Rayne(1969)& 37|14 Z7olA A& o
oA HNBAYS 71A7] HalME 408 Hastchn HErh ZE vldEc] 272
FoAd 2ARdsFoz iR Fon, FAA ZANME Z7EFS] F

Aoz yehyth gdaavt AAEE FAL 2do] ¢ o]Fdk
S oj=Ax 7Hx3 . NOE D09 94&S ol Aoz motdr

L.
L

s

olf

o) w7l

223 A#Fe 223 4 FYsty] Ja AAFTAHAE shAokd Fdoh WA
daA2E o 74A o= F dvd olHEZN, FALY, dHESE2 e,
] WS, AEAGH B (FEHINE, d)H SeixlGe] LHc Hduste
HAFAAE ok AR vggo] 2AL Yo7l FL& whxfdo] Hu o 60%
o olet g é}oé‘}% biogask B23le] 99 gAgdoz o]RH 4 ot ek o] &
A g0l ue ALE57) wEol digto] 2A3te] gAdo] o] g2 F Utk= A
o] oY HEH ¢ Yth(Harremoes and Christensen, 1971).

s
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212 AEZ A AAA

(1) BE}AQJA A 712

A &efA 9 AEZY A& 15~20%2A F3holl o3 AAAEL =AlE+2 F S
10~309%°l E#stch a2y, IS ST Hse drxdn 271288 Fosd
A& Y HAse v~ ddEo FrxddMe sAAWNY A& §EA71L,
2194 A& #F AHHA dd olFA A" SeAY  FHEFS 3
8%7t7 olZ2w, o] MAEE 90% A A& A BAEHAY I #AY =3
Aol AT Ao sAsm A= AL Hzz %A AL Levindt
Shapiro(1965)° o]l 4 4}, Fuhs®t Chen (1975)2 Acinetobacter®t 53] Lwoffi 7
ol JFEo2ZA acetate S @AW AH(short chain fatty acids, SCFAs)o}] & A
g o, AXuiz Jg HFAHHse vIAELYS A Osborn® Nicholls(1978)-2
Acinetobacter 7} A& o2 oljHoEE AIYRZ MHAdE HFE tFIdU4ES
iz e2 A&siA phosphateE A 1% st=d) Barnardol 9 s #jet®
nitrateZ} §le ¥F71A @A oditu FA3 P Fig. 25004 B0, A" o}
A e o] Ex Al X ol poly- £ -hydroxybutyrate(PHB)9] Hel2 AAHIT & 7]X o

fol
N

Cell Wall Snon-Chain
Fetty Acids
-

Facukative Products
Becterda

Fig. 25. Biochemical model of phosphorus and organic material under

anaerobic and aerobic conditions(Grady et al., 1999).
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23ty PHBE WA= orthophosphateE 44338171918 dluxidoz A8 FHT}

(2) A AAH g

Comeau 5 (1986)2 Acinetobacterel 1% AE3A QA7 A FFAHY &
S Hzz Aotsiged d7A ZHAMe AXJ FAHE poly-PY 7t & A2
MAE olYAE FFol &HF acetate®} H+H @A MELE FHsto] acetates
acetyl-CoAR AHE= Aoz Yelgd. o AN oAE AU FHol
ortho-P7} W& 55 acetyl-CoAT TCA cycledl Al A4€ NADHE &&Wob A%
4 #7189 PHBZ AgH} 12y 3714 ZHdA A€ PHBY Atz 44z
TEHEL ZAHL, olgg FEHo| EAF Fold FHolLF ortho-Pol Al E
A#Fe  poly-PEHo] 71534 8ve Aolth, 1 § Comeau E2¥E2 Wentzelh
Minoo 23} FAE Y At Wentzel E2(1992)2 ATP/ADPH| 9} NADH/NADH]
7} poly-P<} PHBO &4zt Ral& xdain, dAxsgxo Zygoz A drjzxd
o] 4] NADH/NAD¢®| 9] F7t7k 4bshA 14bst gk3-& jalsted ATP/ADPH| S HA4E
ZYgdn kAot T7)x7eA PHBe £3ie AXY oUAE g8k, 1 2x
Z7}8 ATP/ADPH] &= poly-P Ao o] &%t}

Mino = 2(1987)2 &7 glycogend #3d9 acetate’t PHBZ AW
A g BHEsH, ol 2 molo] acetateZH-E] 1 mole] o] WEHAEY F&5H=
5714 AdHdAA 7122 Wentzel?] R oAt H%Ex vt PHBRZRE 5385 o
oAl AabEojorgt A& EE o @714 DACA v I3 £ s Hel o
2t} Mino 22& Acinetobacter’t EMP A2 & A2 = e A E B33 32
8714 Aol EMP 227 dastA =He BeEgol Aok makd, oledh Eag
As7] 218 EMP 4 27} obd Enter-Doudorff(ED) Z2& Atk 7FA el
g8 Mino Z90] Mino9 Arun (1989)cll o3 | Qt= 2ich.

Ab719 2ol o AAY AR delME B o] o] AYHA £t o THA|
olgo] WY A HAolth. Acinetobacter’t F8F FEE stx, A7 el
A f7182 PHB2 A& poly-P7t ortho-P2 A Ho &AW, F&5= 274
Aefell A EHE 7129 Ashubgo) AHEHUAM g o AdHAIGE vlEdYe

QA B,

=)
=

e

e
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(3) AETA 2 AA WAE 4FAA

Aeeta o AAE pH, €5, 97129 FF, SRT HaiEde] A4S0l 3
&2 vz} Levin®} Shapiro(1965)= &332 o w&Ex HHE g pHe 7~8°]
23 89er], Tracy®t Flammino(1987)& Z71Z7dA 1 AHe g wjdE9
25& pH 65~70004 A9 4L @A FEun BusH. Groenetijn?
Deinema(1992)2] &% A3¥ A3 pH 75~8.0914 E##A0 Q1 AA o] FoAHL
o Acinetobacter® Ht vl A &L pH 7.0 20k pH 854 2% A= 45353
ot skl

ol g Afg Egtel B w, aFAA o AMAE HF AA pHeE T80l A
S 4 F gtk YESH JFF AATAHLS #HFe 54 A IS tow
(Ekama et al., 1983: Siebritz et al, 1983: Ekama and Marais, 1984), &334 &3}
V58 87159 Ea7F A2 oltk. Ekama®t Marais (1983)€ 1 mg/Lel o] A7
=6 50~59 mg/1.e} COD7} Anvlgtiy 3t o™, Randall (1992)F < 50 mg/Le]
COD7t avlgdn Bastdn. d71Z2dA olg=e F7189 FHA e A&
A 2 AA Tl 43S WY, Abu-Ghararah®t Randall(1991)& AE83 o A
71| acetate7t 7H3 &#Aolgtxn Hwmstgos, Tam §(1994)2 SBR Al gl A
sodium acetate$} methanol 2 glucoseZb Q1 A|Ad vl IS A A
sodium acetate7t 7F% %2 ¢ AAELL Jguiddn 2o, Potgietert
Evans(1993)= acetate’} glucose2 v} ¢! W&o @y ojgti el oI+ acetate
= AxE gole A FEo o &&= WH, glucoses AZo &EH7] Ho) o] &
75 e Fejz LaFojord s ¢ndo, 13X, Randall $(1992)& SRT7 71
TE AW o @ F7vstd Q) AAFY ¥WEe it st en, Wentzel 5
(1988)2 & ##< 2 AMAE 9% A HF SRTE 4~6d°jatx A

#7127 A 2 ’&"é’ ZA% redox potentialE F7HA711, 87| stressE ZHAAA
ol Bt&g Asjste Roz dEA AUrh ¥z 1 g9 HAFGL A AAd o
2 5 gAE FaAde Aoz 4eix UvH(Randall et al, 1992). Wentzel
£(1986)7 Comeau 5(1986)& @7lzzoz {9l Aol HF HAs&A=z 2
f35to] W ENre S Aetr] wFol acetate?t S VFA EFo] A4S Waidnn

e
o
N
T
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22 AESH JSdw AATA

221 A% g ¥ 7 AA A
(1) A%0%FA
A*OZ A (Hong et al, 1981)& A/OZF Al d7]A
_]

3 3
Faa WEE rhstel Brl/RAL/EN 2

> Jo
S
T
o K

., NO; -Nell 2% %‘*‘5;% -ﬂiﬁ}é}a} %E%—% 5 3
RN E FARF 100~300%2) vl &2 714 dEzelAM Tk B g
gae Aed Ag 2y AYOFHEL AL wgzel 2AWIAN e

H

718o] ArRFAAZA Al o] &HA Rty wEol FAL vHERTF AXE

o

o
38
i

Return -Sludge
Nitrate Recycle
__‘L.‘ }
Anaerobic Anoxic Aerobic Clarifier

Fig. 2.6. Schematic diagram of A%/0O process.
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(2) 59 Bardenpho& #

ALAAZES ANAE7 93 oA ES WAEZES o8 42 Bardenphod
(Barnard, 1973)9] <19l FAAAE AT H7IA & F7Fg Zol 5%
Bardenpho# A (Barnard, 1974a)2 2 Fig. 2.7 JYeblch. H7td 8714 $H&xs
A Mgt AN D NFAHA/NR $E THE AL do AHRS
& AWA 2714 FEZA dojur HFS7AH vExoAME 22 XA
714 ezt He AE wAste A% geEatsd 2

2l A
Burdick $(1982)& o] EH02 034%¢] A3 65%2] A48 AASATGR wisd
o,

Return Sludge

Nitrate Recycle

L

Anaerobic Anoxic Aerobic

Anoxic Aerobic Clarifier

Fig. 2.7. Schematic diagram of five-stage Bardenpho process.

(3) UCT+H
T don 74 wrgzolAe A wHAP WS HAsety] & F7A

dhg 2ol A NOy -Neo| atag #aalzle Aolth. A0 Bardenphod Aol s
[e]

A5 Ay xr FAAE Ao v& UCTEAL FAARNgEE Ao
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kg0l A 714 whgx
-NE 23 st7] 9l W3

2 g EE g E S2A WY NO; -NTg AA}L, FHA F

Aotz s WRitgde g4t dojuA "4 T Faa

o Aedd F A FAL eI ZEHo Y&l #d9 NOs -N

B E FA oM FUIY BHExE AcdHo

=
olo
BN
2
R

rir
of
ox
2

Return Sludge

Nitrate Recycle

MLSS Return
Anaerobic Anoxic Aerobic Clarifier

Fig. 2.8. Schematic diagram of UCT process.

(4) Bio-Denipho& 7%

o] ¥AL& KrugerAt2}l University of Denmarkol 2&] 7f2s o} KrugerdHeoletxn
E ey, A&y dAsAgsHely dHFe FUF AALFF S FUIHLE Aoy
@712tE SBREHE A+ Biodenitrod Zolth kol F71A4 ¥ERE Fol
ANA EAE FHAZ Fig. 299 WE}"“ Bardenpho—c‘;zé &8

+
o
2
o
iy
=
s o
jab]
w
[e°]
[

B
H327l d23l# ¢t (Bundgaard and Nielsen, 1989: Henze, 1991). 871 %, 78 %7
b 7bes 7 ole F7)E, AAR 9 ukgEA #dez pAdHY FYel &
Ay 2700 FeAAB)IS 2709 B2 GA(C,CoR TFASIY BE F71&
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Auxiliary step

Main step

¥

>
.

Aerobic
Aerobic

;.

ad

Anoxic
Aerobic

Return Sludge

Excess
Sludge

i

Return Sludge

T

Aerobic

Aerobic

Inf.

N

Aerobic

Anoxic

D

Inf.

Return Sludge

Excess

Sludge

Return Sludge

Fig. 2.9. Schematic diagram of bio~denipho process.
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222 3 & T IFITFT AATA

(1) SBR(sequencing batch reactor)

SBR 1914del Hz=2 A EdAgdE 88 A& Ardern? Lockettes ©] Fill
and Draw®2lo 2 =33d oz 19708 o] Irvineol 28] Sequencing Batch
Reactor2 W H3sAT. SBRE FH7|7]5 7le4te FA= A& A&HA X3t
19709 ) FRbRY Z4F BEF AAAY], FEASG 4F FHAAATY sleAE
B2 d7AbEl AAAYD @79 FE 322 SBRY 848 AUAYEHA HU
9 (Irvine and Bush, 1979: Dennis and Irvine, 1979: Hoepker and Shroeder, 1979), %
Qo AT AHE KEFe NES THL £ Y B D ol e 27) 54

Hl 9} 2482 et AR 3 - #HFAHEed de o8 F A+ olEY TAE
ntAsLA HAck 28] 19808 E EPAY Culverdl A @847 E<9 SBRE $#%3% #
7 SBRoll i3t #AE Az AL B vk ofyg TAESE A glof SBRE =5 E

A 712 wA 3R eHIrvine and Ketchum, 1982).

(2) SBREAH &4

SBRS AIZH4 FHOo2 HWYol BAolm, & F/17k FUG), B8 (react),
292 FAGde)d 5842 FAH A @ F7)

s SHaTgel e FAY, AANY T BE He

F 9ol &A9 fFdXHol & FAHolt(Irvine and Bush, 1979). Ef

Eed HelAzdol uls SBRel 2& F@oz A+sk #9A SBRY FEx=
ArgEol BODY %9 H$3tA 33 2o £259 488 $A%D, HR4A
B dd §24 URE FANES 9F ¥ gAd wEe 2WL 4 Aok =9

TRl wet XA gAY 2Ho] shEEty] WEA FE72 A oY

2 E£48 HALs & & Yot =23, Fd gRE MLSSHE] gley, £8F
Rhgo] oA dxm, Pdol ojFojA= T G WA FAsA o, Adad
2ES T3 9 &£8x EHE HAY #+ Jde FHo] Jdd(rvine and Ketchum,

1982). SBR ¥dM= €22 Ad 237 €2x A9 ddes <42 AT
Z etz ek deA ded 2L SBRY HEHA FAL-E7] AAE

AN ApAdTtel A whAlEA] 7] wiFelth 1] il Fig. 2109 #Ze] SBREA ] HkE

rzE



o $AY s FrzAdM F77
HE #rige Azt Ao #IA

3 9 Fasgol Yojubu, Barr e BANT Wl ot BY wg

Fill Aerate
4
)
Idle [+ Draw off Settle

Fig. 2.10. Schematic diagram of SBR process.

_33_



23 gFdad

oft

FaT

231 F95iaad
(1) Methanol

RegAsdozN eSS xe AP g2 A SZd b8 Ao ¥
o ngF ve Zx WA ok C-1(g29x D2 a2 BE vA
Zo] g8 7153 7]Aoln 53 Fia xANA 23 e ol & F7U Hypho-
microbium Eo| 7} & o) &3tE 7] Aol th(Schlegel, 1992).

Purtschert 5(1996)2 COD/NH]7} @& EAISL49 gdh AA Qo of v
A2AAES 2718 AL grairgdoezr FY3ATt. o] A3} dA&L 35%
oA 55% 2 ZF7tEUeH, FAA AAEL 52%A 72%E F7Hst ™. Sara Hallin
£(1996)2 wEt L3} ofAHES Retado st B wEots] &5 ¥
@ & A3 747 259 50 mgN/gVSS - hrel 23888 4tk 28y, o F(200D)2
vgre FAA e Bl FPA e 2Rk £57 22 1463 3.87 mgN/gVSS -deg &
20l& HPYow wee Fgoz 9 0.18~029 gVSS/gCH:OHY £2A7t F7t
2 Z7tEo) wAstgon] old & doj&ze Axol A dojAA R A

AE o] Azt Ak A

(2) Ethanol

Magnus S(1994)] @2@ ogtge fugrgs gd457 2~3u of wada
591, Anette 5(1998)0] WZw FA3 AHET wEldA cde& olAHOE 1
21 7}4E 2 A (hydrolysate)E 22o o] ARGALYUT o] FF A, dBE
gz Ho €AE 25 kgNOs -N/m® - d& fdeH, ojd 275 E C/NHE
45 gCOD/gNOs -Nath ¢l¥elrdloez det o e 233 oldHEE o] &3
T AAE BEE 024~130 kg NO3 -N/m’ - d=2 st Fatgd we A& 24
o] odsko) gis] LA A o] Y T AAE HERT
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(3) Acetate

oldlglolER vg e, oeSn stz eRairdozA HIYE =& 7HA
3 otk Anette 5(1998)2 A& AE wgrle] EAFTAHAA olAHCIES ¥
Brdoz Hgstd H2de 20 kgNO; -N/m’ - dvl¥te] 235 At

Lee 5(1996)2 A& gdo] o] oy FH w2 4FS 2Fsid. &
2902 ol EA acetic acid), HAAH(crude syrup), 7F23ld A& (hydrolyzed
starch) Z22)2 &2 A A(yeast extract)S H7tF wge3 H7PAE L W&

o] &3 A3}, et Yol = & (denitrification rate), B2 =& (denitrification yield), €

(o3

27 4 8(shdge vield) 22T nl4gel F FAo FUY TS MATE AR
g BLUF DL ofMEMS] B9, 55 ojMEM Feel o xe 2
F87 2o SNFET RUS T F U

(4) Glucose

22302 6t F(e2YA 670l AT s G A (glucolysis)} I F o] E 2] o3}
4k (pyruvate acylation)2 & acetyl CoAZ el H o2 wAYEo] o]&3t7]d F
a3l ez AT ged, 23225 71E EA 9o R Esgoen A

@ 272 7H3 9ok

Akunna 5(1993)2 2F 3R, ZYAE, olHEA, 4 283 dEgSE AFE
sdoz o] g3ta] AAD(nitrate)? obFAH(nitrite)e] AAe] #F ATE T
o] Table 2.8 of Yebd ngago Axg Aot e, 74z g4 ol g o
2 AnR o}@AA Y AA Az gdgEA Jdevn de W 2Fa2e A9 A
ENDFhzze Bael S AAES wov driol wrld s@ FRo 2 Ao

=
Z etk ole FFIeA AsE 8] whgzuld pHYE RobA7] WEel#®ta &t

ATt
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Table 2.8 Removal rate of nitrate and nitrite on carbon sources

NOX—N
Carbon .
NOx-N form  mean removal rate main removal step
sources
(mgN/gVSS - hr)
- low denitrification and
NOs -N 21 high ammonia stripping
Glucose e o
NOy -N 59 low denitrification and
) high ammonia stripping
e denitrification and
NOs -N 74 high ammonia stripping
Glycerol e ipe s
NO; -N ‘ 101 _denitrification and
’ high ammonia stripping
NOs; -N 278 denitrification
Acetic acid i
NO2 -N 238 denitrification
NO3 -N 278 denitrification
Lactic acid

NOz -N 23.8 denitrification

232 diA Rrgadd

(1) 248 28 7] (Food waste)

Table 29¢ SulolA BAsE 48 2d7ld gel/sas4e Yebd oz,
getggre sl bsAel g, 22n 2dFe 27 sbe4e Bae AEol
o 27AeA SAE 2drle Ee F 213l

o
EFoz Qs ALgLdAZFo] 617~1,136
keal/kgell AUA] ot = Bx d8uE aF8A H9 Huse] 45, 429
719 C/NHI9 T80l 22 11%H 80% HFeolmz FHAC/NH 20~40% &
60%°l 23E7] el E Frteadn £ 2AHAY Folo] a7Eh EF SHE2
g7 gol dojr AEL butyric acid, valeric acid, acetic acid ¥ propionic acid &

o] glom o5 md FFFo] Hold Aer dHA Avk(el, 2001b).
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Table 2.9 The property of food waste

Item range
pH 4.7~6.0
apparent density 0.50~0.87
density(kg/L)
real density 1.02
physi.c%l] moisture 65.3~89.7
composition
CO“:I;OO )Smon Inflammable  103~269
ash 02~98
C 37~
H 49~81
chemical ) 12.3~40.9
compostion(%) N 3~5
S 0.2~06
Chloride ion 0.7~33
low heat value(kcal/kg) 617~1,136
gas production(m’CHa/kgVS) 0.27~057

(2) 3£ A (Sewage sludge)
FEseAE gurdor PV 282E T AAHSIANA LZy vY F
o o9& AMelge goh 2y, HTE strEd AU EAste 1F =
F71EE Zﬂ%%o}ﬂ 93t oe7kA] AlEFo] etz gtk 123 Ak
DR 8714 ALEE 53 stesyAuy f1EAEE AT AN
T3t 474 dHE A3AA dATHe gRrgsder ofste WHE 3
CHAnette, 1998: John et al., 1996). |

lo

rir

ruio
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John $(1996)2 3lrEdAE 12723 (180TCAA 30%, thermal hydrolysis)Al
7 28%E SCODFE&(BETH 7ieRae d¥HA COD €2 1% He)e d3U
o0 7teEs) & A (hydrolysate)E F2AFT A AHE, FACODS 2/37F Bado=
o451 Hdl Zd& 159 mgNO; -N/gVS - hrg EAti ssich Table 210 &
n27t5EE Aol A BoFn o

Table 2.10 Component of thermal hydrolysate in the sewage sludge
(John B. et al. 1996)

Volatile o Carbo-
Component . Proteins Unknown Total
fatty acids hydrate
% COD 20~40 30~60 10~25 10~20 100

Jowitt 5(1999)& AE3HH FF2AMAY ©hddol A F e LLINHLF
(TAD) A4 e 228 A AWiHVFAs)S 237 ¢ w&s& ¢ gades
2918 batchTFR S HAEES 439 324 LiHVFAs)e] nzolFox g
So] dojtS #Fa o FA Aol 3‘4"“‘* AHAHVFAs) ©]9le] gadx g8

3 t
g 5200002 LEx AA Ao acetic acidE YR BAYCE HEL FF 3

Jzz #8E AM4ALY Fe BANLF AR B ohiz, AFe 7]

(3) v}o] &7}~ (Biogas)
et7tAg oREgAdo R o] f3t=d Yo}, w372 (Thalasso et al, 1997

methanotrophic BtE|Elotel] 9|3 vgitsiz &3 2o

5
5CH4 + — 02 — 5CHs0H
2

5CH;0H + 6NOsz — 3Nz + 60H + 7THO + 5CO»
5CHaq + 1002 — 10H:O + 5CO2
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dglags gago gt Fa mATe ey 2ot

- Alcaligenes sp., Achromobacter sp., Pseudomonas sp. Bacillus sp. :
Davies(1973)

- M. formicicum, M.arbophilicum, Methanobacterium strain AZ :

Zehnder et al.(1979)

Werner# Kayser(1991)= 2F 60%7F g7}~ 2] biogasE A3t &8, 4
Foja R R{FANGAA BHE P o, "‘%’EI’% biogasE #4Yoz o8&
s AAvRE 2EF g4dol e B Ay ©E gH2 &S v
AEHE LA E 60 mgNOs -N/L - d, ’é'r":]“ 150 mg NQO3 -N/L - d, %%
&% 550 mgNO3 -N/L - dof ZA#E IAch =8 A4 A (liquid med1um)°ﬂ/~14 =
& AarFre ¥t WE dAarvEE 84S WHdde RS A4¥oE ¥R

rE

£

Rajapaks $(1999)& HA7}2(95% WIEhE Al&3sle FARA4A w37ldA HEF
A gdg dysded, ey vz 5 o gl A5 us due ZHAE
AAh 2y biogasE ol &3 2L O 2 AFE /G dA grgid
© 2 biogasE o4& AL FHE AAAoly, FHEIH, HY R B2 HsAY
ol e a8 Al AAEE SEEZ ol Ax, FA40] e, U4 Az
A A4 E biogas?l 60~90%E x|k webA biogas® UGB HOlA WA, &

A2 A% g A2 Ago] oz 4B 2L A% THAY oA
23z 8" & Aok
ool wa) B FUHon e wARH IEE U(hF 15%1Y Bubel

oz HFA A7 B FAE 7HddE Aok 282 pilot-plant X
3

(4) ¥%(Night soil)
SdoY nFeo AL ARERE FFBAEZ 53 BFsIA seAAYAM A st
A Hezxs HAstd 977 992 Az Hd(septage) S FASA M=



2 Exxegds dxste 49E =20 Kwon 5 (1996)9) ol&td, $-2luetel 7
&= HAF 45000 mY/d F F 73%2 33,000 m¥Vd7t Axs F3 AdEy Urx
o} 12,000 mY/d7t AEx AHE d5so A Yo £, A S
=X FeR FUHE Ex AY T HBRAZI AIdFE HYoz o]Fojx glon,
Table 2.119] 4 BoFEo] A3Z HANolE F7]70e o3 La2 A& FLA A
HWH(volatile fatty acids, VFAs)® $57F 4338 52 ¢ & It o] Ag& ¢4
Vet Fxo B3 BODFEE7F @2 I8 2x9 AHx HY A4g RoasFE e
2 vt Az Ad Ay ARt FE Y & F ASS RHAE

Table 2.11 Concentration of volatile fatty acids in the night soil in Japan

(Iwai, 1964)
VFAs acetic acid propionic acid butyric acid formic acid
Concentration |
3,668 929.8 329.6 99.5
(mg/L)
g 3(1999)2 #§71E FE7F @& dFAgelA AdE AAAES R uaLYoR

He & £ de sbsAel disl AgaAck Ta AHEE HIEL Exs) HEA

sAAQem, 247 A0 MUCT 33 A 434 F29 4883 4

Nadsg ol gstd AP 234, Jruad FYglole 48] g2 AL o

A ge BANAG dreidos wa FAA ofMENES FUAF B,

718 ¥, 2 FE ANIFEd Yol RE REFEE FA3G MUCTE A

Ae 400%9] WrusuloA JRaadoRA BE A AR o AENE 47 f9
o] 057%% 0.0055%7F B L3k ch

0:

(5) 71 &
1) =A]128 # 7] & (Organic fraction of municipal solid wastes)
EANRYEAEZ FIAHVES TF HUIAE Astol o) AMeldth(Plaza et al,

1996).01 4% H714 As9A F AbgE dATE 2efste] 1 JhEEsiAzE of
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AEARS T HoAY APt 854

2 3 %9 Zo] 44 (Anette, 1999)H 22 A Za
A gdFAY Ayusdoz o 9

o},

R

B \a)

¥2

2) A/ AZ/F7HE &7

dwrH o2 AA/AG FAAA TASE Hee @FdEE FUE 2
g doly FAA] FgFo] Hol §U]E9 R FEIGY UM oF gadow
Abgo] 7hEdttt Zayed S5(1998)2 2™l s frtEHed F718AL AA @
Zxog AFE FYPFAY. 250 me/Le HAEFH 15 g/LY FAED(whey
powder)S ¥ FAHATE ol &std BAAYE s Ao & EHo] o] F
Rom, ol FAELe 23 COD2 90~93%7F AALHULt ol & Fs FAHF
COD/NO3-N H] 6:1zx7olA #7148l 28 S AT FAAR AHEuen
F71AQ Rairde ¥FE Bast gz s

4

f

3) & %759 (Meat processing wastewater)

Adutd o2 §HFIHFHF F718L B gl o3 Row 44A AR Js
g G718 e @on Ao RV =L Aoz dA Atk Paul $(2000)2
H2sEb 52 &7 7133804 2Aste dsy 2280 dg 478 TP
th. ojuf EAd "I gEREAYozE  37HAY & F7MEH S (rendering
stickwater, paunch liquor, slaghterfloor effluent)®t 1% 2 3413 RS Al g3t

4) Oil mill wastes

Tosonis (1997)+ ZAlstT Aol 3o, A2 Y 2= olive oil mill HTE ©]&35t9
#13 5% Bardenpho system® $&&FHo| HE{3H=d, olive oil mill HFE F
H3tA B Y f7]1E FTE soluble COD 209 mg/LH L 48 HT9 5%
HE 306~442 mg/Ldem, old 20mg/LE fUdE YEYH AxEe FEF
mg/Lol3tE §213t9th soluble CODE ¥FEZo] §UE olive oil mill #HF%ko]
6~5.4 mg/mg NO3-N removed {1t} olive oil mill s JAANE a7 A
Ao vepytth
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5) F3 22 2 (Sucrose, Ci2H2011)
£#320oryE 2979 sz dgdiaiTol ) A teEdEHo D-EF22E
B, AVRERE, AL

25 wEo| A4S vehdy AZAHARRT, AL

de] EAs= el

6) 4E 2 9 ~(Cellulose)
DEAEAEE 23 Ex AdA WA

Cellulose& o] ozl
2X3nz gdFAHY dRHgLYoR oo JtF

sota 8 4 itk
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24 AEAEA

AEAA FAANE £33 modeld] Mg ol Fsten YEAA AFAY 2e

of ¢ HlAEHolm B systeme] S, REHL Aol @ol 285HW, VM &
st A9% dd a8y, A dFAE2 Fuzzy System (FS), Artificial Neutral

Networks(ANN)S 3 78 Computational Intellegence (CI)E o] &3t =dl, vl A& 2]
ol B3 systeme #¢, FEY FFBAAE dEE F AT AL FTEEAL
Hexee 2dydd A A& 5o fHH(Yu et al, 199).

FSE A B8 A7t A Ao HEsich ojz& Ao ¥& Aol 4y
g1 AAstn FAREE 273 e 83 FAH AWl obd APHAY KAt
A4S ZAR sy, vl wy HAY + Y.

ANNE FAol| did olsizt 23 750l o HA = vHlwA HIE
nztsd 283 39 23] & + Ae AEIA A Fo] 7hesiH

Hybrid Systems(HS)E FS¢ ANNe #FH¥& Z%3 Aejrh. ey FS, ANN#
HS9 Z2& Cle di$ Bxsn AFAA Aoz durd #Hgo] ofelsr, thgd &

4
Az £R4AE ol §25AS HARE AFAY Aoe Asy 2do W

o
(i
£
A
2
)

- Azge APAAT, Aol Qolok Bt
- ABF Ao} Asde AFHoR £H Bk Bk
gxoz A7} ol Bk
- A4 Adgolok ot
o Rae] AMA AA WEel AT F Aofok Feh.
4R 5

- S 9e 546 BAYe ¥ AYTee ue
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s oA e A 2 Ao AW B oAje Ropz FE T F Ao
- Zy)zuy DOE YA FAG Pahe WBel we Zr%e UG Y
- %Ag—gazm 5582 Axdoz 2Qsd Faed 7% W P

5 E Hojshe W

(1) DO #& ol &3 &4

AEea Ao ArdTH
2L AAdagA HdEAL
oJo] 2 o]fo] t§& A3y HCharpentier, 1986). Thorubers (1988)2 DO=} 40l
breakpoint’t Y EIUE AL F3 A3 A 7| DO An¥l&o] Fadts
okorct. Ip 5(1987)& DO time profilesi 4] DO breakpointE blower®] &7 & ol
&t

a2y, vl E DO W7|8eA ZAo] AAe] dostrigts, DOE 7|22 2 3§
= 3714 FAANE H& Ao opUrthk E7]x9] sensor®] AAEAHL QWA|THo]
Hasta, A5sty] 41, T4 AFH)A gt FEFIAS vy, AP
Aef e} sensore YAl wet DOFS pol7h Astth 53] AN-a YU A 2l
A fAEE DO 2xE A 0o ZHAU 0 2ddl, &, oxymeter®] 43 W=
Nzt dolAch Ea Aag AAA Zze] e #HI FESELTE ®lE
anoxic# anaerobic AEiel Fx7t BedH of F$ DOFES FAHL A= W
tH{Charpentic et al., 1998).

ko)

(2) pHEt S ©] 8T T4 A

pH curveol A control point %, ammonia valley$}t apex &9 point7t AAtset &
Ao Aoz BHH] Ui ORPATZAFHAE HST Aoz deiAd. H=
pH% ORP7} real-time control parameter® ©|-&¥ 4 ckdtdets pHE ORPell H]

B o we AHL sz Jrim #HEm Ak o]EF AR real-time control
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strategyZt 70 = 12 9 th(Ibrahim et al, 1994). L2y pH WgFo] UF 21 +3F
gz T Gl UHEr] diod HFHoRE AMRHA &1 U

T RE gehes b th

= Aok A HFHgTHAAM 28A vl frlE Aste g A A
o] ofz}, f718o HAE 1/ o4 FoluHS o wAstE FAoloh M #
7180l £% 3 Ao As#dse AAXHORPIEZ FA & 4 ok 22, 19409
ol FA4Eeix FAH 47/4E ORPE FA37] old dad e siMde] &7bF
3o olgHor Ed MBS FA Alzdd RAZse W2 ZEHA X
(Morris and Stumn. 1967) %@, DOt #7|steta F38 =7t Zso 4=83

Aele] Aojo] zolgo] "L HHHAT (Yu et al, 199).

a8y ORP £Ae 4A3x7t Ha M=o gom, 70dd ojF FF A+
(Bejaui, 1977, Bebin et al, 1971)& ORP & th¥¥ nitrogen cycle, 53 243}~
gANey dHAE § 2 AL A7t BnEHY AR

godiel ORPol tid &3k dA7F A=A of Al7le F2 ORPY S4(%
G AAG ZMte] @A) B AF7F FE o]F 3 Utk ORPE w-¢ Rl
ezl A on-lined A2 EFAHdH DO, H715, v|4E &4, SH4EEZFTE
2 wrgdete] £3 R, ARs, BE7), AFr5e SALHE YeE F dou
B 139 2 (Burbank, 1981), Koch and Oldham (1985) “gAIgt F#zxAbet 37
ORPSl BA4& 7bs4e 44 shuch 4Eetd JYed A7 4o ¥4 U3
ZAE 93 ORP/F H45QEd, Watanabe 5(1085)2 ORPE: A 3A oz FAH2A
B AAstE H5Z o485 IS HAT B dTFoA ORPE IEFEEAA, o
Wz ug oRetad #3189 A3E s AHEHAHWatanabe et al, 1985.).
ORPZA & Axs-gAd &84 monitorol 33 5 2 (Heduit et al., 1987), & 71TA -l
Al %% monitorl & 33 ¥ A tHKoch and Oldham, 1984). Charpentier 5 (1987)&
ORP7} FAta AdejollA] ol Fojxe g < W& La(Y7|AY dshede dus

UER 4 glen] ORPe] A48¥9E HAstel TAAAAAZ B8 AEHE AN

_45_



sttt

Charpentier 5(1987)& ORP controlo] &9 AALAA &S Y ¥ oty
A% 20% H7E D, anoxic# anaerobicElolA *& DO¥ RS FAHL
7} w219 ORP monitoring 218}8 AFME FHZHE & 5 A B
2 % 90duol MEEH GFae AA) ORPE o8 349 A7t 43
At 7] Al AR T

ORP-time profileE ©]8&3E real-time control& < Plisson et al (1996),
Wareham (1993, 1994)% oj2] Abzel] o3 3=t ORPS on-line monitoring
e oUW, =2 A3 A FUds AA 2 A 4tg FLTASAA
AeFH 7oz FHHAR, FAHEA AA, A HE JRELY Fed A
8% 9 A4 UtH(Watanabe et al., 1985, Lo et al, 1994.).

FARA wAe AA FAANE Uds F Utk

1) Fixed-time control

o] Bty & oulgl HAHP time-scheduled] @l ¥ #<, air on-off, I, &
£g Aolst= WHOE programe] oi$ astd HA AHEE 5 e, Keller &
(1997)2 5o 829 d¥a7t 289 AdHFH ol HEatod 52 FF2 Al
AES dddn Budtgoen Tam (1994)& R ead F9o o NH.o WEE
BRstg o, Sheker (1993)& FUA anoxic, oxic Aelel W& ZAEHAIT

fixed-time controlg ©}&3tAt}.

2) Real-time control
o] Wk e wrexzol AHE AAoR fopstd HAAZL AAE HAA e AT

oz 1 /e FAAZ 4E & A

7} Absolute ORP
o] Wbl e plg] AAH ORP# =98 A$ wgxe FAHo thE TAHLR %

a
2 Ra £(1999) gAga Aode Ao web -300 mV, -280 mVE

He ¥ye
A eMEY 1, Zipper $(1998)e AR BAER Al Aids 20 mV,
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22 75 mVE 44, $£A39Y. Wouter 5(1994)& 16000pe &%l full-scale
=g Ae gAeZ ORP#ol 250 mV/AgCld # Z7] TAE 20 mV/AgClgd o
Z72 A2 HA5Qom, Charpentier (1986)E #& ¢ EYot F=ol w2}

B
2

. A3 ORPE A Aso APstArh

1}) Relative ORP

o] W& AJzto] wE ORP o Wst& &, ORPE ol &3ty ¥4 Aliste 2
o2 Yu (1998)% Phssono(l996)° d(ORP)/dt=021 3o Hitsle} gde] Aojye
2 dAste Agsun.

2.4.2 SBR Ao} &

(1) ORP

slatur 2o A AdojutE ux] &L JeEhHE GHEA Gibbs Free Energy(G)%
HAJE)E & F Ut o F B9 #AS Aoz Yepdd t3 2o

AGreaciion = ~oFEean (2.42)
oke] ¥lgo] FFEAECA doyH 2 (242)&
AG" reacion = ~oFEear | (2.43)
= ag Qesde BAAA HAPILS e 2o

[oxidant]
A Greaction = 4G° reaction — RT In ——— (2.44)
[reductant]

B e A 4 (244)L oS 2 (245)2 €t

[oxidant]
0= 4G° rection - RT In —— (2.45)
[reductant]
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{oxidant]
AG reacton - RT In ——— (2.46)
[reductant]

Al 4 (246)S A (243)9) 4G reaction®l HAEE TG 2

[oxidant]
nFEcclI =-RT In —— (247)
[reductant]

w3 EEAEs obd Wl AfelvA MEE g 2ol gdFh

T

[oxidant]
A Greaction = AG" reaciomn - RT In ———— (2.48)
[reductant]

AGrcacuon, AGO reaction o“ /L} (248)% Z}'Z}' EHC{:}":S]"E

foxidant]
- oFEcen = - nFED cell — 7 RT n ——
[reductant]
RT [oxidant]
Ecell = Eo cell + ln — (249)
nF {reductant]

Al (249)= 2% Nernst WAAolZm dto] WAz Aol wjs F&3HA o] &HE
H FEe & 2E E2 Yeldlo] vtz A7t Fa830 7128 2E AT
G714 FAZFo] MAsE AstEgwtSe] APFNE FA}7] A
AZo] o] gsm o} BE&AY AT Wl BANA Be
| Aee ZASE Nemnst 4¢ Agdaeo) ol 270e] o]ee vl Z o] He
AEE Aol w2 Ao AstAe A 7 o9 uE EATY B8 A
2o ol71Ae] AbsA, YA Fol o FEEo thEHor EFAHMD

RT [oxidant]

E = E.+ In (2.50)
nF [reductant]

o]
fo
o

o

¢

2
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A (25009 YoM [oxidant]lE AFEHAl e} 5=, [reductant]E 2 A
Ao A AstatEld] e ol mrt ZFrietd AL dssiy, FAA
U =7laE A9E golxle Roez dEA dd. zzR T4 ¥

o2 Z78A 31 8714 d golEs (-)Zog F2Es 4 F Ut

lo
off
b
o
o
o

o

(2) ORP bending point

ORP bending pointe w7t vl@® zAstA walx zie &3 5~6Ed ol
(Paul et al., 1996; Yu et al, 1997). 12y}, og} A5 A+ A3} ORP curve
o] Hej= A Aol op vl bt Fehs veba ok

SBROI A= w2z $Azd Walel wel ORP bending point® <fuj7t #A3s
v 9l g3le) Fig. 211091 YERAATH Fig. 2112 Paul$(1998)°]
bending point®] ©l&}& =2 o2 S 1 alternating aerobic - anoxic activated sludge
g olgsta) Ay AOR feedt EAIFFE ©]&3tF L fill-aerobic-anoxic-draw

of £42 Aoly A% A olTh

o
[¢]
e}

e

e

350
_ 300
= 250
[ W
25 200 .
32 150
<E 10
o 50
>
£8 o
o® -5
£ 100

-150

200 +

Fig. 2.11. Bending point @.8 and 7y on the evolution of ORP, pH and DO

during alternating oxic-anoxic cyvcle.
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(1) @ bending point

ORP2 DOZ Aol Al Uebdth Fig. 211014 NHs-N& 71402 fFAHs 19
ol ] vieElulel Zbe] NHy NOxs 59 ORPel 243l g F7]Et stk 374
o] bending point : «.8%y 2 44 4 Utk °|E bending pointel V& e

s
DA E 2ol odal 2 B B FrhkAL Zy7h AAHE £714
GAdA Aasz Jdd 1 FEE #48 2AE 9o ¥ s 4R A¥EE

G x3k7] Al 2stEd o] Mol o point oW, BASHZE Ao gaHASE HERATH
o) Holl 4 ORP2l Z7H= NH. -No Ad(A9 0)ol ols DOol F2ol o Aoz
o}, pure waterd @ell A A3 NOxs £ W3H0~30 mg N/L)oIA %= ORP=
oleksl Z7H30 mV)E Uerdgien, #tad DOl A ¢ 0914 2 mgOyL F71A 2
mVE ZA Z715= Aoz »usET glo] (Plisson et al, 1996) NHs -Noll &]§ o
oj4re]l Ata w7l Qe Aoz 7FEY. o pointZt AEHEE A AAA

E7FaAre] A4 AH A QdoH(Paul et al, 1998).

¥
0
rhl

2) A bending point

717} FoslE $Adge #9sE JehWEed 4bart 2zEe] anoxic stage’t
Azt AS debdith o] de Ayd 94 A FEE Hold NHy-Ne 37187
Aabst 3714 Aeld A AlE 7S Bold NOs -N& #4E uehd Z2do] A

zEl g o4 gl th(Plisson-Saune et al. 1996).

3) v bending point

Zz2lg NOxeo| mz2 velll™ sulphate ¥ < (sulphide A-44)¥ 2 A7 Aok
u] & @< sulphide (0.07 mg HoS)E 23 ORPZEA (100 mV)E 7FA &t (Paul et
al. 1998). Plisson 5(1996)°] pure waterolA 2383 A3} sulfides ORP#ol 9%
ol zjed AbA7F 1S A$ 0.07 mgS-Sulfides/Lel F7b= 100 mV ORP9] 34
b2 9= Ao vebdth wekA, ORPY #atas ¢ A e sulfided Y45
sulphato-reductive activity®l A1l 7191 & zo]r}. 2] RedOx couple &% ofA]

—
sulphato-reductive activitys= o] 4% whalels nitrate7h ¢4 2ZHE 7] ol e

o

i

_50_



x| or=ch zelze of Agtzie] o wEESdd
point= WEEEl Alzto] opyl sulphateo] 7191% etk ¥ pointZt el R ke
A& A2 anoxic time °] NOxFE7h &85 7)ol (Fehdd &d) 45 @A
Eo) ojx m= §949 73 sulphate 1272 sulphato-#EE o 7]l &
v} wrél 5 9l ok (Paul et al, 1998).

“re}ub, Paul (1998)0] AR sg ooz ¥ Ao ofstd Fahdgo] i @

gtz F71E 4 4 bending

49 e pointe HEY 9

o3}
S
Wy point$ HUEZ 4 Ao sklch

25 A7 RN

1) Activated Sludge Model No.l (ASM No.1)

19873 International Association on Water Pollution Research and Control
(IAWPRC) © A28tz glaae A4 AAeRS 93 F34 mddge] A7 3
age B4 zelx 249 HMT &2 43 FA BE& ZUA ASM Nold &K
stk 7t Agea e $ASe Ha £ £ dol AeolHE BolE olfst A
FASe MLSS ¥59 A& 849 FFo 48 2ol ZAAsAh. 2dA ASM
No.12 Azt 4829 MLSSe ®#she] w2 2zt Substrate 42 o &3t
Hxl =4 HE WepA7)7] 98AM Switching 7152 AEstded, I Fo FH=
So/(Ko+So) 2 WHEFsHTE

82 Mast we ASE 99 ol 0 o AN, thao] dBE Ao A

e

=

b Fabs AE ebdh Wz 82 Ax7h ko 9ol FlH Kotk F45
o2 AbAo odFrS w= 7]A A E YerdA "o ofd Switching 7ITE °1F
sof A&z o o Hrgo] dojitreti uheze xzie] uwel dA FEAE WS
A2 4 A "t

Mass balance = COD#Z et gl o, components &1 (S A2 (Xo)
oz Basgdou, Rdo Alg% v]4EZE heterotrophic ¥ autotrophico]"% F

VAR ol gakel A W WA ¥HS $¥ Ao AA AEE dehdch

2) Activated Sludge Model No.2 (ASM No.2)

...51_



19959 IAWPRC o A2y dFael A4 H2AeHe A48 #3834 ndde
G S AN Mo MRS A S @A e £ T
7vated ASM No.2& Z7hstach

ASM No.lolA Yelyie dests Ba 7hsd &84 /712388 Ss2 e
¢lort ASM No.2o Ss& dled Sy 9F Sa B yvEelWAuk z2luv heterotrophic
3} autotrophic Pl Eo] olgh Atz 2 gd FAHLE ¥ d4 A AEE ASM

No.l # &<dstrh

Mz

o) 47 mechanism & ¢ A v AZ (Xpao) ol skl @7] deiedlM Sas A4
st Xppa BEHZ A4S 31 XpE S E POZ wrzsla, 7] e sH9
Xena & o] &3be] whez o] o= fai4d PO:E AHsA Xep 2 s A

02 0% ¥d gz ol A& AAAINA dd

3) Activated Sludge Model No.2d (ASM No.2d)

ASM No2 & Xpao?b &71 AelelA 912 %A A171% mechanismol X ¢, ASM
No02dE XpaoZb 7] AElolM 21& %A A7 mechanism 9ol Faba el A
gtn 242 dle) A4 E A7 EE mechanism &= F7HsHTh

7 2] ASM No.3 . Mantis model, Reduced order model, VITUKI model o} Ut

Boolp= AAs 2 AZd o3 A Al oy, Q) A el 9%
ol A7 715 % EFHDZ ASM No2Z 712 2492 dAsrt. 234 ASM No.2
oA R stsd 2aA 7122 SsF Sy SaZ HFdevd B AT s SsE
Batad mEstAch Esk ¢l AAA Faba AFefo] A Heterotrophic o] g 2o e 2
23 Xpaool 9 WEel glojA 71A(COD) Abgel WE A BAE HIozE,
7] 2Fejol A SACOD)E HAZA Xeus BIE ALE 33 XepE &3l % PO
W%t mechanismel ASM Nolold JeEhAdd Switching 71%5& YEbll= &3
SAFSE e o] Kyo/(NOs+Kaos) 32 F7Hetadch
olo] o ZrbgtomA Pabx AeelA 27 & o FA ujgEe ot o ¥
& W go] EAlol dojr A 2l BE Al 71 Aol AofAM NOsol dFE BES

o o
wely A sk
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Table 2.12 Denitrification and typical values for the kinetic parameter

of the ASM No.2 (Gujer et al., 1892)

Temperature
20C 10T

Items units

Heterotrophic Organisms

7 6.00 3.00 d'
Qe 3.00 1.50 gCODg 'coDd '
7 NO3 0.80 0.80 -
b 0.40 0.20 d!
Koz 0.20 0.20 gOom *
Kg 4.00 4.00 gCODm *
Kre 20.00 20.00 gCODm *
Ka 4.00 4.00 gCODm *
Kxyos 0.50 050 gNm *
Kxta 0.05 0.05 gNm *
Kp 0.01 0.01 gNm *
Kawk 0.10 0.10 moleHCOsm *
Nitrifiers :
M AUT 1.00 0.35 d
baur 0.15 0.05 'q!
Koz 0.50 0.50 gO.m *
Kp 1.00 1.00 gNm *
Kaix 0.50 0.50 moleHCOsm *
Kp 0.01 0.01 gPm*
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A3%4 AOAS SBR& A Y oF&4
A543

Mot Aasie AASAL AA ANRFAT wRIHoR AL £52
Arakeee of £ £AL A QAo TaAG N, 7h2z tylEel BEHoRM o

A, iR AAdmnlE HAES AESAH ASEw AT (Biological
Nutrient Removal : BNR)S #&3a7 248 oz wlch ey fivet 8
S AdH g dAAMe o] Hluy gy o FE
3t gt alkalinitye A9 A= st e Aol
Az APEE Fo ofE AEEEsE wob, A#AoR C/N/P ratio H
alkalinity®l 27802 BNR&H2 H&4 53], ¢@dnA] ofgfgo] o4t w
A, 2R de] ojgo) d we Ayt WAET ok R de] B F7t

B go] Zal5ol ol A2 Felx 2 sl F7182 AR olE Wi
%

e
2
2l
i
i
3
2
ALY
>
jos)
Z
=

dl

o)
2

FaEY, A F74 st
P

WrBae olfste AFE AW, yRuzdel
gao] glojop sl 4 AR Guel waglol Qojok s Fhel A,
2 ooygrde o gsm Ao

+ Takgieh U (2007 o](2001b) &4 Bsele] AWLEE i
oln #7148 sngagion ofgstel Ah W Ao ANEES FHALT

Wgstdon AL A7y e @A B4e] AH W ghagol
SCFAs #xslolop $hohin Uyba o wropfialx gtk Carucci 5 (1993)8 <

Aol ool d ghagiol ubet o) A vize] wrebd H AT wbeh waglel G
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32 494X 2 AP

32.1. AHAA

R ago] o] 49 SBR A¥4AE Fig. 3.1 Jebldth SBR wex< AL
10 mmel o2& g ol gate} & 50 L7h F =% AAslen, ojHel F1 §4&
36 Lolgith vAge S steAegel wesedAs AFsted o 30U swead
state AEjol o] ZwzbA skl en, MLSS %4z 3000~5000 mg/L 2 f A3

ot wgr] ofel FLLEEE MAs Wi LEJF BH20E FAYL F
Qe syon], gz el FAETE AN AEA AL A 2B

3 3 AY4E wEstr) 9ete] dad MM de F AU
Bod oA A}&3 A4 % pH meter(pH-6000), ORP meter(US Filter Strantrol

oN

830), DO meter(DO-600) 3% 75 #Astsien, 80C320KC, SaRE} 7

elay, Control panel(Mat’ L: SS 400)& Ar&3t3 .
o] mz 1l e CIMON-DE #HAgstgdon, Adydl AsAeia sl Abed 85

Bl = IBM PC( PentiumIl)e] itk
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o)

— I

1. Influent tank

2. Personal computer
3. Control panel

4. SBRreactor

S. pH electrode

6. DO electrode

Fig. 3.1 Schematic

12

7. ORP electrode
8. Motaor

9. Air pump

10. Influent pump
11. Effluent pump

12. Effluent tank

diagram of SBR process.
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3.22 A3e

(D Alge =4

228t A FAZHHRT Y A9 H AAELNS n2sty] 9 48dMe gh
dogyE FHFa2E o8& COD¢ 200 mg/L, & ole] ¥ NH:.«Cl

KHPO, & o] &3bo}, zkz TN 50 mg/L, TP 15 mg/L2 A staich HAksto] o
3t pHY A atE 27| sletel HE S e g - (NaHCOs) 2 &8 shd ot

m¢%¢1w9@}%%%%MA%@%1%@ATwLﬂﬁlva%%¢ﬁ%&

&
et
oX
>
>
fZ,
E
_L
glo
>
th
2
112
FO{Y
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O
O
o
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N
lo
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o
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=
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B
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ol
o
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e
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o
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O
o
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o

AEA R @ AYAT AABHL DAY AP APolME sndadd e

Table 3.1 Composition of synthetic food waste acid fermentant

Items Concentration Total
Acetic acid 5388 mgCOD/L
Butyr_ic ac?d 1,796 mgCOD/L 6,000 meCOD/L
Valeric acid 1,746 mgCOD/L
~_ Glucose 1,870 mgCOD/L
TN (NH4CD 400 mgN/L 400  mgN/L
TP (KH2PO4) 140 mgP/L 140 mgP/L

(2) Cycle time
2 oA cvcle time ©(2001 bol Ad 2 7H2000)9) AFAA Ha % Qe

WA AA cvele timel i vERYE A3tE ol gsllch . Anoxic(l) 1023,

Oxic(l) 1385 Anoxic(2) 504, Stripping @ =44 el Oxic(2)3: 104, Settling 30
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¥ Draw 30¥202 F438te 1 cycled F 6272 AAsAG. il
Wz g fF AL = HRT ¥ 233 5

Qe Ao Fo FRILA oeg ol FAE A E RS ZHZE Anoxic(2)

1L -

time schedule® W3ow,

=

o] 500 mL/min® f&o 5¥ 1 Flskddth

FER o] Ao E HRTH 483 22 time scheduleS 71225 &taf NO; -
NH, -N9} ORPOl Azt g ol &35ttt Z, Anoxic(l) gHAlelAM Fojd Azkgie]
A7 Aol He] vhebdd Oxic(l) GAIR del7bz(102 - A), Oxic(DE AN S A 5
o}Z A zbAol HA Aoldol vehutd  Anoxic)©A R Hol7EH0138 - B)
programming 3F4th. 2wl Anoxic(D¥ Oxic(D)ol4 @& AlZb& Anoxic(2)olA o]

g51of(50 + A + B) SJFeagel ofs g4 g wAgds Fustalth

z+zre] cycle timeS 2¥ o2 YehlH Fig. 329 2o

Fill (30}
i
1 | anoxic(l) Oxic(1)  Anoxic(2) Oxic(2) Setting Draw
102 240 290 300 330 360 (min)
Fill (30) . External carbon (2.5L/5min)
A
2 : Anoxic(!) Oxic(1)  Anoxic(2) Oxic(2) Settling Draw
102 240 290 300 330 360 (min)
Fi (30) rExtemal carbon (2.5L/5min)
-—
3 Anoxic(1) Oxic(1) onxic(Z) Oxic(2) Setiling Draw
102 - A 138-8 SD+A+B
290 300 330 360 {(min)

Fig. 3.2. Time schedule during a cycle
[ with 1) HRT 2) External carbon 3) Auto control .
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3.23 ¥4
A)E g 9 FYEHF AAREE Hetsly] Aol AEE A RE AHGAL
o, 71 ZHAL NHi -N, NOs -N, PO,’ -P, CODc,, Alkalinity 5 A%l wet 7
A 129 A 27 e e 5%, ZId Al A 15% et 2 9] @Al = FHd 302
2

1t A2 Standard Method (20th, 1998)% w2} 4=3j 3}

>0

;1']' "xwo———gz— A]i% iﬂ-ﬂé}

o1, Table 3.2 &AW HE vehlldch

Table 3.2 Analviical Items and methods (Standard Method 20th, 1998)

Items Experimental methods

NHy -N Ammonia-selective electrode method
using known addition
NOz -N fon Chromatography
(Dionex co. ltd. DX-100)
NO» -N lon Chromatography
(Dionex co. ltd. DX-100)
PO, -P Ion Chromatography
(Dionex co. ltd. DX-100)

COD Potassium Dichromate Reflux Method

SS Total solid dried at 103~105C
Alkalinity Potentionmetric titration method

pH Electrode method

DO Electrode method
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33423 ¢ n#
33.1 AOAS SBRY 43d7F AASA

(1) FaIska] AFAE {718 AAEA
CODeE % 150mg/Lel $A#EFE 10~14A1702 883 AFAreZ AOAS
SBR ®+¢718 $#38 ZA3 CODo AAZES Fig. 33 Zeli Table 33% %0
vebdoh Auixog SBREWAAN YA vAEH] FRE A FAF F
92 working volume& & AAsted gt d AFAIGE
9 gduk A& wbexel o] #FlFe9 ¥IE working
volume®. 2 ko Fejard A FAIHE Aateich webA, 10412 ojstze] 2
nAge] FEE Qs 4Pe FAF 7 gl

CODeel AA &8 Fuada AFAze #Aflel 80~95%2] AMAELE&E e
Witk Helae 89~39 mg/l. Ao Alzte] AGFE AR FETFE AE

4 91gith ol ©](2000b) e #H(1998)e ol vhEbd A el vlszEk R

o

4z

[ O Influent —O— Effiuent —&— Rerroval | }

300 100
2 250 f el ®
E AYA"/:H:H:H 180 %
20 | S
; s gl | o 8
€ 150 | &
3 | f I a0 2
S 100 g
O a) - N 20 %
© 00 O*FO\O—O_CB/O\O_O,O/O\O\O/O/O\O T

o L TROT 0070, Phorr, P,

1 4 8 10 141516 17 20 23 31 36 37 43 48 52 56 58
Operating period, day

Fig. 3.3. Variation of CODc¢, concentration according to HRT

C1:12hr, O:ldhr, HE1OR.
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FAEEE AEFAdY Fas 2 grldAdA @AYoy ABE Tl FE o]

slo] A A F(1998)2 F 4 15l oF 60%2 CODce
TR AAERADL, ol(200D)%E FY 308Ul 83~90%< AAZEL UEATHT
B sl Carucci 5(1997)% FF 30271 7] 208 %ok &3] AARAt2 8
Aok B Aol ofatel Arkel o]l Anoxic(l) TACIA 10 hr 60%, 12 hr 69%,
14 hr 70% ©] CODc: AMAE &S et o 53] 30 el i A7i=e 2oz
Lebstoh ojuf Al A== CODers B8 %o 2HRsl AW NOx -No| €2l o} &
S miAdER HEEdon, Ql WEele ol &R ¥ Aoz AlgErh 1 ol
i Anoxic(l) @AM 2 NOz -No| s ol od W&ol AHajd Aoz A
7b YER Y] ool o}

Fig. 3.4°l= Anoxic(l) -#ZFoll A CODe =2 #H3tE Jetud o},

]
——12hr —0— 14hr -O0—10hr |
250
-
S 20
E
o 1950t
c
o
0100,
G
_ .
8 50 T L
o H
0
Inf. 10 25 40 55 70 85 102
Time, min

Fig. 3.4. Variation of CODc¢r concentration in Anoxic(1) according to HRT.

_62_



ol 43 o] £ T AFAE F7182 AALEES FAEHA dEbdoy, FE
A AFAE F712 AASEE 10474 043 kgCODcr/m' - d, 124] el A =
0.35 kgCODc/m” - d, 1447Fol A& 036 kgCODey/m® - d & viebdh el ahs ) i 4]
H10A ZH M A 2 e e

(2) =2t AFAPE LT AAEA

FrYoby Haeol AANSAL Fig. 350 vebd AMy s s A F{AIb g
glol ®% ol el E2 AAZEE YERNAULH ol 1 cycled A Z7IA7HE 138E 2
2 & o] sEstths Zoju zbsAlele] BeAdg dvetdls ol sl g A Al

FAI7bE )" AF3L8 (Specific Nitrification Rate © SNR, mgN/gMLVSS - day)& Fig.

360 YERHR A 7ol 10A1F 4.08, 12417 331, 14412 270 22 Fe8d A A7
of HE4E AT o ABE FU9W) 57| 3AZtelA o}z 316 BTHE %3
2, 3200009 431 mobs x2F wkeh aeld olSe] ATl E F)stH HFA
ol HE+E SNRe| @ He oz Jew

1 —0— Influent —O— Effluent —&— RemovalJ
70 0
L& e
~ >
g 0r 70 ©
- [13]
o 4 80 B
c 50 ::_
Sor I © 2
T oot 30 g
= 20
I L
z 10 {10 &
0 0
1 4 8 1014 1516 17 2023 31 36 37 43 48 52 56 58
Operating period, day
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Table 3.3 Removal efficiency according to HRTs

CODer NH; -N TN TP
(kg/m” - d) (kg/m’ + d) (kg/m’ - @) (kg/m" - d)

10 hr 0.43 0.10 0.05 0.002
12 hr 0.35 0.10 0.05 0.003
14 hr 0.36 0.09 0.04 0.003

dzgze] AS, o]8Ho® | mg Ny -No FAbgA] xRy dZ2des 714
mg, 1| mg NO; -N¢| &2 445 dZ2gss 357 mg2 FdFHe 1

A2 943 AAS7] AsiAE o 375 mgel ¢ Es ARdEn & 2¥e 4
2 10A12ET 1447l A 119 mg, 12412k M 132 mgo 2 =4 vErstth ol 2
E80] 55% 43%2 $A ey 2E g o Aol REFEHUY] HwoR o
Az th,
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Fig. 3.10. Variation of ORP, 4ORP, DO, pH and other parameters
in HRT = 10hr

(F: feeding, Anl,2: anoxic 1,2, Ox12 oxic 1.2, S settling, D! drawing).
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Fig. 3.11. Variation of ORP, 40RP, DO, pH and other parameters
in HRT = 12hr
(F: feeding, Anl,2: anoxic 1,2, Ox1,2: oxic 1,2, S: settling, D: drawing).
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Fig. 3.12. Variation of ORP, 40RP, DO, pH and other parameters
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(F: feeding, Anl,2: anoxic 1,2, Ox1,2: oxic 1,2, St settling, D: drawing).
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Fig. 3.13. Effect of external carbon source on CODcr removal efficiency

(1 Glucose, II: Methanol, II: Svnthetic food waste acid fermentant).
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Fig. 3.14. Effect of external carbon source on NHs'-N removal efficiency

(1: Glucose, I: Methanol, II: Synthetic food waste acid fermentant).
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Fig. 3.15. Effect of external carbon source on TN removal cfficiency

( 1:Glucose, O: Methanol, I Synthetic food waste acid fermentant).
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Fig. 3.16. Effect of external carbon source on TP removal efficiency

(1: Ghlucose, II: Methanol, T: Synthetic food waste acid fermentant).

Table 3.4 Removal efficiency according to external carbon sources

CODc: NH4 -N TN TP
(kg/m’ - d)  (kg/m’-d) (kg/m*-d) (kg/m’ - d)
10 hr 0.43 0.10 0.05 0.002
Glucose 0.46 0.11 0.09 0.008
Methanol 0.45 0.10 0.07 0.009

Synthetic food waste
0.52 0.12 0.13 0.017

acid fermentant
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Fig. 3.17. Variation of ORP, 40RP, DO, pH and other parameter
with glucose adding

(F: feeding, Anl,2: anoxic 12, Ox1.2: oxic 1.2, S: settling, D: drawing).

_80_



ORP, dORP

O'—"\)(;)#EU'\O')\IOQLD
pH, DO

Inf. 45 95 145 195 245 295 345

[—m— ORP —&— dORP —0—pH —0— 00|

[—0— NH4 —o—NO3 —O—PO4 —A— CODcr —@—Alk.

& 8

=
<]
Alkalinity, CODcr conc.,
mg/L

8

NH4*-N,N03_~N.F’O437—P
S

o

Fig. 3.18. Variation of ORP, 4ORP, DO, pH and other parameters
with methanol adding

(F: feeding, Anl,2: anoxic 1,2, Ox1,2: oxic 1,2, St settling, Dt drawing).
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Fig. 3.19 Variation of ORP, 4ORP, DO, pH and other parameters
with synthetic food waste acid fermentant adding

(F: feeding, Anl2: anoxic 1.2, Ox1.2: oxic 1,2, S settling, D: drawing).
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2Rste] Z7|AZFS AojstE Wl Aok
W pol M Aol Turd AFEE ORP sensorel He4E v1x 2 ORPE
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42 A4 2 2IAR

‘=

421 2342 2 ¥y

45 40] AOAS SBR B4 J¥AF AASHE syl sl o8 4YYA
AR AASH

9 Alme] 4L oREadel Fdol BB AOAS SBR v Y
of olgsw #Hx W x4 FAsA
2 Aol A AEAole] 2L Anoxic(l) @AlNA AT flof A= AH
Oxic(1) SAllA druetd Aazt sloxles AMel k. ol& A4t JORP2
BAE o) gsted 2F S FABAT
Oxic(1) YAlIAE 3083 FAAE FAeH ol
al

2 9 o 2% ORPY ®Fol 3o °&

AL FAngElA 573 H

422 33 AFAA

1) sl 74
) AA Ao 74

“A 4 20mA
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control
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Fig. 4.1. Control system.
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Fig. 41& 2 A7oA F88 AojAsde vehln ek X g FA49
2z0 @A AAM A 7)(Indicator)ol 28 A7AHoE EAIR F isolaters 71 A
Al(Analog Input) Cardell 2} ZH €. npo] 22 Z 2 A A (80320)01 A Z4 € AlA dl
o] rs-232c BACZ PCol etk Aol PCE AMdolEE dANHSR
zUg Yty Hxel B2ojE ON/OFFst= gl e AA rs-232c FAOR wolAR
Ao A ®o vlojar e M= #xzo] ON/OFF H¥& ol Hijol &
TEste] Wzel BRojE FEEHA Ah

ORPAA, pHAIM Seoziel wad 4714 e 4-20 mA=
Slo] OF 22 uso WMEAZS 288 F OADA Foz WgHo] AEY AL
o o ¥

tf zzad FeldA Az
ZE dolHE wol A% adatA TUHIH T
Aa st Q= MM EAE DOMA, ORPAIA, pHAME ARESHAL 21, A/D

W3l7)= 128 E o] B85 (resolution) & 7hEom ZzkE 0 ~ 409 A 2 el o]

(3) Control System

@ CPU CARD

NAME : STD - C001C

POWER : DC 5V SINGLE

CPU © DS80C320~-25MHz (0.16 uSEC/STEP)
0SC : 24576 MHz (F)

11.0592 MHz (HC)
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REAL TIME CLOCK
DS 12887A ( d¥AEE + RAM + INTERNAL BATTERY )
EXTERNAL KEY BOARD & MONITOR

FND : ALPHA NUMERIC 8-DIGIT DISPLAY
KEY : 16 KEY INPUT
COM -1 : RS-232C(MAX232)
-2 : RS-485(SN75176BP)
@ ANALOG INPUT CARD
NAME : STD-C002
POWER . DC 5V (INTERNAL DC/DC CONVERTER + 15V/-15V)
ADC . AD574(12BIT , CONVERT TIME 25 uS)
MULTIPLXER . HI1-506 (16BIT -15~+15V) * 3 = #43

CURRENT INPUT : 4~20 mA , 500 OHM INPUT
VOLTAGE INPUT : 2~10V , HIGHER THAN 20 MEGA OHM
SPECIAL : -10~ +10 UNIT INPUT RESISTER
ANZES s el ArE g

@ MULTY 1/0 CARD

NAME : STD - COI3A
POWER : DC 5V LOGIC CIRCUIT

DC 24V ISOLATED INJOUTPUT CIRCUIT
INPUT : 16 CHANNEL ISOLATED INPUT

4mA INPUT CURRENT (56 K@)
APPLICATION : 16 DRY CONTACT INPUT + 16 RELAY CONTACT DRIVE
qze Wt 247k 164 ol AR As® £E RTU of A%
2 € RUN/STOP 74l % ON/OFF A ojst=dl AHE
@ DAC Card
NAME : STD-CO16
POWER : DC 15V

DAC - AD 7248 (12bit CMOS DAC With Output Amplifier and reference )
Blower Aol ¢l Ap& 3t
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sxEgole FAsYY. PC AZEdolE MMI(Man Machine Interface) tool Q!
CIMONS Algstdon vlolazZaAre C512 2438t
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Fig.4.2. Schematic of SBR automatic control system.
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(2) olol AR L2 A ME AZES O
vpolmz 249 flow-chart® Fig. 437 #th Z2Iad9 A 9l
m oy ~E, EA dAAHES 271883 PCEel dold AE AJF7E e o1

el wastel FAAEAE FUL FPch B4

A

(—-’*—{‘_' PumD_ContrilJ

A

r Pump_Control £

r Main Routine J

Fig. 4.3. Flowchart of microprocess.
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431 AE Ao =71 A

o ARG YM FEIQ A ek REAE TR AY YT
Ba9e 2930 o FiaFEWsiek ORP, JORP(Z7] ORPE# 55 % ORP#
o] zto]), DO, pHel #AE HESII

o

@A, Anoxic(l) @AM Aojel 2R AidHast e ¥EE = A
A a7} glolAe o] wHel gasHE A¥ez F2 Aolpoint7t 3o Uk
wa o1 AW o] ¥ 9o wEe] Burs| dojvhE AU GERET ¥ 1ol A

= WAy Azt QolAlE A MelA ORP, 4ORP, DO, pHel €& #etste] 7+
oA Wests aE ZArs ATk Fig 444600 Anoxic(l) ©AIA Rase
29} ORP, JORP, DO, pHel #AE vehigich eiZeld & 5 9ol ORP,
JORP, DO, pHE 25 A4 dAxzt golzle HelM A Solg vd A%s L
el 2o AFaEo] 2ahE bending pointe A7 oMt g2 kA off A
e} FelubA] e 497h lvha B ska
= oAy A2s dA3E AAEA SN E bending points H 2EHA
] A 1 oow Fof 2owd Aol viebwith o
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WMo waou mAg 2olg Uehlel F34 gl (A He® AKX
= AgE y_aigu% olg ZHE
JORPE H8at@ S o ofF mza wge Uehhach wibd, & Aoy A oisl
42 JORPE 4dstel o]% dag aAstgich A4 Axe JORP AN
AN LETI 0 mg/l 7F BE FelA JORP @& -10 2ok & 32 R
b o] o(2001b)9] AeiM I e AzE vehigith ol (2001b)el 25 Anoxic(D)
Sl AAdAAe] 27%E7 B AFA Bk ¥ 20 mg/l e & At
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-~ OFP -8—-NO3 {1 dORP -6—NO3

6 &

5% 5%
4 € 4 <
:§ ° 3
27 2 %
g '3
o [3}

- N W s O
{

NO 3™-N cone., mpy/

Fig. 44. Relationship between NOs; -N and ORP, 40RP, DO, pH

in anoxic{l) with glucose adding.
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-{1-ORP —8-NO3

01 2

0 1 O P 40 0 O NV O D W

-3 dORP —--NO3

0 10 » X 0 O O MV H W0 IO

Tire, mn Tire, mn
- pH - NO3 100 -e-NO3
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03z
02 'm
01 2
)
0 10 20 VL 0 0 O MV L D W 0 10 2D VL 40 L © O W/ D O
Tirre, min Tire, min

Fig. 45. Relationship between NO; -N and ORP, 40ORP, DO, pH

in anoxic(l) with methanol adding.
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ﬁ -1- ORP —8—NO3
e e e . 0
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@
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g s
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0 10 D D O D O BV D D IO 00" D® D O H O D O DI
Tirre, mn Tirre, mn
3} pH —9~ NO3 - DO -@—NO3
2 25
pu | .}
2 érs 2?
15
51§ :
1
102 7
© as ©
2 9
0 0
0 10 VD D O D O W B XN 0 0 10 D D O D O MW O DI
Tirre, mmin Tire, rin

Fig. 46. Relationship between NOs -N and ORP, 40RP, DO, pH

in anoxic(l) with synthetic food waste acid fermentant adding.

Oxic(1) SACIA= dmUot Aao Aol 28& RFo] o LT
ORP, 4ORP, DOs %=, pH9] #7418 na&stAn. Fig. 47~49< Rretadd FUA
Oxic(1) Sl M emyelyd Aaks w9k ORP, 40RP, DO% &, pHO 7A&3 e
ATt
Oxic SACNA AEAIE T8 28T Z7ALE ST Ao A EES
WA wEA4Q Held 2 Eede 2
ORP, pH £¢| #lojAxE 27 A8 =gstn

mo o aEo] Oxic(l) @Al E ORP &< bending pointe] £8& H 133
Aqup B oo Als Watsbal @ekth Oxic @AM E 2388 pHY DOs =9 7%
o] ermijold 4 el A% dxstE Hol ¥ AHY LR o}

el Oxicll) sHAlel A ORPeF hRijobd il #AE Wit ¥

it
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wglth AAstsh Yolube EAE ORPakel #F3 F7lettizh AAshh FREE
AAelM ORPELE izt Zrashs @e BT ol& JORPHOE A8A I Gl
(V2 SE Al wEUcky Bazt fus AEE Ak o A3 A ol

- dORP - NH

o} B WV 4S5 O B D B 10 1B 4] 5 D S5 O B W W06 10 1B

Ture, min Tirre, min
O-pH 8- N --00 -—-N+#
8 ® 25 *x
0
2 =
o Z?
?LS ZDS.'
g 15
1
g oF
Qs
s 2
R ° | o
0 15 B S © B D B 1D IS 0 1B B H © B D W6 1/ 1B
Tirre, mn Tire, min

Fig. 4.7. Relationship between NH. -N and ORP, 4ORP, DO, pH

in oxic(l) with glucose adding.
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-0-ORP 8-NH -0 dORP -0~ NH4

9 - 0
e 5 g
7
s B
%5
ga 15§
83 07
2 -
: s 2
0 0
0 15 BV 4 © B DV B 10 1B 0 15 ®» & O B D W6 10 1B
Tire, mn Tire, min

Fig. 4.8. Relationship between NH4 -N and ORP, 40RP, DO, pH

in oxic(1) with methanol adding.
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—0— ORP —e— NH4 —O— dORP —e— NH4
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Tirre, mn Time, min

Fig. 49. Relationship between NH4'-N and ORP, 4ORP, DO, pH in oxic(1)

with synthetic food waste acid fermentant adding.
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432 AF Ao A%

Anoxic(1) chAle] Ao} d JORP ¢-10, Oxic(l) @719l #Aold AORP<0 22 4%
Aol 8 = oA A Aeise] v% L AAELES Fig. 410~413% etz

AERE HAS AL, Figdlodds Baxe wiet gol §E59 CODes =2
%ﬁzalmybﬁiﬁgﬂ«wﬂi%%Jﬂ%ﬂﬂ%%Vl%%—%%EG(M%%E.%
e Wi 892%9 AAEES RAth Figdllel gruotd Axel Be= AFA
o] o 2 aolgle] 98% ol AU e dg F AT Figd10el
A wpel Zo] TN A%, %259 ¥E7 3T 63 mg/L A= FAA
Ag 2 AYn AAZSHANME A5ANE a1 ¥ ARt BIF8%A
9 87%e @S 9S4+ AATh Figdl3dlad Bexe viel o] TP A&
2 %57}l 06 mg/l AEZ 91%9 AAEZES & 5 YA A& AF A
7 wore wWro HTF U%AE FAE Ao

H
&

A
!
T 3

ox o &

i)

i

lglnﬂuent Efluent —k— Remole
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250 |
o B3
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é 150 3
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(3] -]
5 100 | ©
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S £
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0

Fig. 4.10. The removal efficiency of CODe¢, with/without auto control
(1 : Glucose, II : Methanol, Il : Synthetic food waste aicd fermentant )

( X : without auto control, O : with auto control ).

- 86 -



li_lnﬂuent =7 Efiuent —&— Removal T
S Iy S S Y
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d °\°
[ >
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(2]
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o ©
Zw E
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Z 10 e
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Fig. 4.11. The removal efficiency of NH4 -N with/without auto control
(1 : Glucose, I : Methanol, TI : Synthetic food waste aicd fermentant )

( X : without auto control, O @ with auto control ).

{—Inﬂuem 7] Efluent —&— Removal ]
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Fig. 4.12. The removal efficiency of TN with/without auto control
(1 : Glucose, I : Methanol, I : Synthetic food waste aicd fermentant )
( X : without auto control, O @ with auto control ).
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Fig. 4.13. The removal efficiency of TP with/without auto control
(1 : Glucose, O : Methanol, Il : Synthetic food waste aicd fermentant )

( X : without auto control, O : with auto control ).
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o wad A7e G Figdldld nezle me 2ol AFAdE AAY
A} Anoxic(l) @AM = B 61-6727Hx] SAAE Hd g3, Figd.ls
o4 Oxic(]) SANAE A7 26-5227k7 £AAS e & Aok olRe 4
zZ} 60~66%, 19~38%< A FAI3t A4S JepgE Relth o 23+ Yu (1996) 9
@459 SBREAS AA Aol Fal 77 155%, 45%°] AFAIE AAcHE
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ulsat et
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(e}

Fig. 4.14. Comparison of operating time in anoxic(1) with external carbon

sources( I : Glucose, T : Methanol, I ° Synthetic food waste aicd fermentant ).
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Fig. 4.15. Comparison of operating time in oxic(l) with external carbon sources

(1 : Glucose, I : Methanol, Il : Synthetic food waste aicd fermentant ).
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52 dRa29e FHSHA &4& 47

521 3% ZAE
2 A7 A4E FNEAEE obd Fig. 51% £

in Scobin S posin
Qi " Snrain Snos in

Scop  Spos

S NH4 S NO3

X
X A :((PHA
Xuz pr

i
Xpao

O2

Fig. 5.1. Schematic of SBR.
ez gAEPNSz2 sy, 2 2 g v B33 EAFA 2

@ coD o WA 22 £A4
dCd?D = Qin*\C/ODin - lem"‘fl~ YI 4)*fza—r7+(1—f)*(\'4+f.=.+rﬁ+flo)
@ NHy N o w4l §2 £74

in*NH ,i
dl\c]if{zl _ Qin = 40 — (ixn+ YlA)*rz_ixn*(rl+r3)
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® NOy -N o ¥A4AH 22 F74
dNO; _ Qin*NO;in 1 B 1
&~ V. AT Y

@ PO -P o widgde 23 £44
dPO4 Qin*PO4in

TR 7 +ixp*(r; +ry+ 13+ 19) —rg+ Y pos*rs

® Xena o WA B A4

dXpa
—_— =7 .._Y *r ——d wre—r
dt 7 PHA™T 18 Yoro 9 12

@ XPp 9] H]Xé/z}-lgrgﬂ %75_1 _)]:2])_\‘}

=13~ Y pos*
dt I3~ Ypuy*I77 I
@ Xm 9 vlAGG" €2 A4
dXy
da o h
Xa o HAASE 22 FA4
dXa

dX
a3 Te
© Xpaod HIAZSEH 4 F24
dXpao et
at 97T
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dX
-—dt—l‘r—f*(r4+r5+r6+rm)
@ 0. o W AANH 24 FA4
dO -Y S7T-Y
: =KLa*(CS_C)—L_—_H—l*r —-éi_—/\_*rz-YPHA*rS_ P 1*Tg

Y ! Ya

523 &% WA
7+ 240 g e AS ASM No. 2014 A€ vRet zro] ofefs} 2t
A7|M, A@L d714eel Ay AihsEdd 0E o ulE A& Frts F4

g &£xAolg £¢ 2R AHEHE 2 sebeiere] ge Table 5100 UrE

(D Aerobic growth of Xm

_ ( Scop So )X
=AY K +Seop 7 Kont So Hl

@ Aerobic growth of Xa

b= (SN S0
2 A KNHI+SNH KOA+SO

)Xa

@ Anoxic growth of Xu2

[a= pt '( SNO3 SCOD ( KOH )X .
3 He KNO3+SN03 KCOD+SCOD KOH+SO He

@ Lysis of X1
F4=bHXH1

® Lysis of Xa
rs=DbaXua
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® Lysis of Xu2

rg=byXm
@ Anaerobic storage of PHA
Xpp
_ COD Xpao Knos
r7_QPHA*( K5+COD )*( Xpo )*( N03+KN03 )*XPAO
PAO
® Aerobic storage of Xrp
Xpua K. — Xpp
_ O P04 XpAo max XPAO
rS—QPP*( KOH+O )*( KP04+P04 )*( XPHA )*( XPP )*XPAO
KPHA+ X KIPP X
0 PAO
@ Aerobic growth of Xpao
Xpua
) Xpao ‘ PO,
ro-# pao* (g 570 )% X ¥ Koy + PO ) * X0
KPHA+T—
PAO

0 Lysis of Xpao

rip=bpaoXrao

@ Lysis of Xpp
r;; =bpp Xpp

‘@ LYSiS of Xpua

T2 =bpHa X pa
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Table 5.1 Used parameter values in model as external carbon sources not added

Parameter Value Unit Parameter Value Unit
Yin 0.44 gvSS - 0.00501 min""
/gCOD
Ya 0.17 gVSS/gN Qvp 0.0015 min "'
Vi 0.4 gVSS b 0.000035 min’"
/gCOD
Yptia 0.20 gCOD/gP ba 0.000035 min '
Yo 0.44 gP/gCOD bpHa 0.00007 min '
Yoo 0.4 gvss brao 0.00007 min*
/gCOD
ixn 0.086 bep 0.00007 min '
ixp 0.02 f 0.2
Knt 1 mg/L o1 0.60 g0x/gPAO
Knos 05 mg/L
Kon 0.2 mg/L
Koa 04 mg/L
Ks 10 mg/L
Kpp 0.01 mg/L
Kpua 0.01 mg/L
Kmax 0.34 mg/L
Kirp 0.02 mg/L
Kpos 0.01 mg/L
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Fig.5.2 Schematic of SBR (with External carbon sources).

dzstel, 7 26 A ngy A 2AEAY

D COD o HAdeh 24 FA44

%]
d%?D = an*SODm — YlHl *r— Yle *r:,+(l—f)*(r4+r5+r6+r10)+—9‘————ec*\c/ODec —Iy
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@ NHs-N o slZad8 24 FA4

Qin*NH i . . N
dl\éim = v L —(ixn+ YIA )*rz—lxn*(rl+r3)+BEC—*—V—H£

® NOs -N 2 w]gade 22 524
dNO;3 Qin*NOjin

_ L1
at VYL T 86

@ POS P o w22 £A4

= v +ixp*(r, +ry+rytrg) —rg+ Ypo*rs+ v

dX
a T
® Xa o HBSE 22 FA4
dX s
a2 Is
@ Xuz o BlAZEE BE F244
dX o
dt T
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@ Xpao2 W1A22H 4 FA4

dXpao — et
at 9™ Ty
O X9 HAAEH 8 F24
id)% =f*(r,+rs+rgtr
® 0. o vl B A
_d(% =K *#(Cs—C)— l;lel *r— 4'52-;YA *1y— Y pHa*Ig— 0 1 *Iyg

533 &% %HA4
7+ 240 g3 2EFAFANL the 2ok 9714 Table 522 Edel AHEHE
7} sbetdjete] S UERRT

(D Aerobic growth of Xur

_ Scop So
n= sl K<+ Scop ( Kou+So i

@ Aerobic growth of Xa

_ S So
1= #al Kym +Snu X Koa+So Xa
® Anoxic growth of Xuz
= o Snos Scop Kou vy
3 H2\ K 03+ Snos ** Keop+Scop  Kon+So He

@ Lysis of X

Iy = bu X

® Lysis of Xa
rs=baXua
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® Lysis of Xu2

Tg=b, X H2
@ Anaerobic storage of PHA
Xpp
_ COD Xpao Koz
r7"'QPHA*( KS+COD )*( K N XPP_ )*( N03+KN03 )*XPAO
PP Xpao
Aerobic storage of Xre
XPHA XPP
—A1 K — —
B 0 PO Xpao ™ Xpao
rg= qpp*( Kont+0 yx( Kp04+4P04 )*( Xonn )*( Xop )*Xpao
Kpua + X eao Kipp+ Xrag
@ Aerobic growth of Xpao
Xpua
0] Xpao PO,
9= PAO*( KOH+O)*( XPHA )*( Kp04+PO4 )*XPAO
KPHA+ XPAO

(0 Lysis of Xpao
r10=bpao Xpao

@ Lysis of Xpp
rll:bPPXPP

@ Lysis of Xpua
r1;=bpua Xpua
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Table 5.2 Used parameter values in model as external carbon sources added

Parameter Value Unit Parameter Value Unit
Yin 0.44 gVvSS QpHa 0.00501 min’’
/gCOD
Ya 0.17 gVSS/gN Gop 0.0015 min '
Vi 0.44 gvss by 0000035  min’
/gCOD
Yrra 020  gCOD/gP ba 0.000035 min '
Ypoa 0.44 gP/gCOD bera 0.00007 min '
Yoo 0.44 gvss brao 0.00007 min”"
/gCOD
ixn 0.086 brp 0.00007 min '
ixp 0.02 f 0.2
Kxnt 1 mg/L 01 0.60 gO/gPAO
Kxos 05 mg/L
Kon 0.2 mg/L
Koa 0.4 mg/L
Ks 10 mg/L
Kpp 0.01 mg/L
Kpha 0.01 mg/L
Kmax 0.34 mg/L
Kipp 0.02 mg/L
Kros 0.01 mg/L
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Fig. 5.3. Comparison between observed and calculated CODc: concetration.
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Fig. 54. Comparison between observed and calculated NH4 -N concetration.
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Fig. 5.5. Comparison between observed and calculated NOs -N concentration.
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Fig. 5.6. Comparison between observed and calculated DO concentration.
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Fig. 5.7. Comparison between calculated and observed

CODcr concentration

with external carbon source.

, mg/L

NHa*-N conc.

F— calculated —O0— observedj

L

200

150
Time, min

250 300

Fig. 5.8. Comparison between calculated and observed NH: -N concentration
with external carbon source.
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Fig. 5.9. Comparison between calculated and observed NOs -N concentration
with external carbon source.
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Fig. 5.10. Comparison between calculated and observed DO concentration

with external carbon source.
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Fig. 5.11. Comparison between calculated and observed POs” -P concentration
with external carbon source
(calculated : with NOs -N inhibition factor,
calculated 2 : without NOs -N inhibition factor).

B @7old ASM No2& F#stel AlAg 2dg B Ade 2agha 253
ATRTHAS Fig 51201 YJENAT Fig. 512014 44 24 magsd d5ude ¥
paA AMoln, AAde v = X o AdAoid 7 5ol W soj e akeh R’

(deviation variable)3t& Table 530 et it Table 5304 BoxE uwpebol
NH. -N, NOs -N, PO# -P, DOl tigh Zddieas 13~135%= veby 3, RAge
084—0972 Aw3s wE2ee 23E JeERHATH
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Fig. 5.12. Correlation for observed and calculated values

Table 5.3 Relative error and deviation variable for calculated results

Items NHs/-N NO3;-N  POS -P DO
Relative error
1.3 135 54 80
(%)
R* 0.9787 0.9738 0.8433 0.9611
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ge 3 njAed HYGFAE =5

duasde F39ge wet FUsA *%e W =€ #HZF 2 &S Table 54
of Uerlch Readoz RolFHE '&%}E@‘,g zQae wo Rdy Ade
g = 1138 d7Y pa = 0288 d', i = 1368 d', meao = 1.008 d'z Uegon,
derge] ASE g o= 0950 d', pa = 0979 d', pwe = 0605 d?l, peao = 1.008

%-arf’-o’\a reagsrgoez FURE WE pm = = 1316 d', u#a =

0187 d', s = 1258 d', wpao = 1.008 d'2 vERRTH

greragde Fglol 912 o vehd A, pw = 0446 d' pa=0187 d' p
- 0115 d' weao = 1008 d' RoE EA Jewrh 53 2dvdEe HUTA
A e #ol 10MIAE FA UrE}L} sre s F3lo) 2REg F 4FL 1
g e o 4 g gRuad FAA pwt pwe @ 2 RAoll wball pa @
938 A Ye

t

fo P mo &

s %7154 =7 3ol | Heterotrophsel 4740l &wsizz] 9ol %
tax 7 = Autotrophs® A%l Wizt HA7 WE o= *}L"L%U}.
:r]‘°ﬂ)‘1 Aol HuZ2&& ASM No.2dA Bad Az 6048 d',
09976 d' 6.048 d', 1.008 d* Bt tha wgtrh ASM No2dlAl g &2
2y MLSSEE=o 7t mAZe ®go 2 JFE wedm dAd dw g
activated sludge Z¥ol ¥rgxu 9L FEF 2000~3000 mg/LZ A3t n
g, 2 QA7ug 2o F/M HE $AFER HdFHEol = UYElY Aoz AR
=3

mm o do

Table 5.4 Maximum growth rate according to external carbon sources

M Hl HA M2 M PAO

(dh (CI) @"h G

without 0.446 0.187 0.115 1008
external carbon

Glucose 1.316 0.187 1.258 1.008

Methanot 0.950 0.979 0.605 1.008

Synthetic food waste 1138 0.288 1368 1.008
acid fermentant

ASM No.2 6.048 0.994 6.048 1.008
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Fig. 5.13. Prediction of water quality by NH4 -N concentration change

(external carbon sources= 1594 mgCODc/L).
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Fig. 5.18. Comparison between calculated and observed POs* -P concentration.
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Nomenclature

A, : Net carbonaceous oxygen requirement, g O»/ g BODs removed
BNR . Biological nutrient removal
ba . Rate constant for lysis of Xa, min
bu : Rate constant for lysis of X, min”’
brao : Rate constant for lysis of Xpao, min”'
bria . Rate constant for lysis of Xpua min”
bep . Rate constant for lysis of Xpp, min'
CODy: © COD reduced for enegy production, g
CODs, . COD of cells produced from COD used, g
DOy : Dissolved oxygen reduced, mg/L
Ecell © Voltage, volts
i . Fraction of inert COD generated in biomass lysis
F . Farady constant
HRT : Hydraulic retention time, V/Q - d
ixn : Mass of nitrogen per mass of COD in products from biomass
1Xp : Mass of phosphorus per mass of COD in products from biomass
Kt - Ammonia half-saturation coefficient, mg/L
Knos © Nitrate+nitrite half-saturation coefficient, mg/L
Ko © Oxygen half-saturation coefficient, mg/L
Ko : Oxygen half-saturation coefficient for X, mg/L
Koa : Oxygen half-saturation coefficient for Xa. mg/L
Ks : COD half-saturation coefficient, mg/L
Kpp © Saturation coefficient for poly-phosphate, Xpe, mg/L
Kria * Saturation coefficient for Xpua, mg/L
Kmax : Maximum ratio of Xpp/Xpao, mg/L
Kupr . Inhibition coefficient for Xpp storage mg/L
Kios . Saturation coefficient for PO4 in PP storage, mg/L
M . Metanol required, mg/L
MLSS . Mixed liquor suspended solids, mg/L
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n : The number of moles electrolyte

N - Nitrate nitrogen reduced for enegy production, g
Qun * Influent flow, L/min

Qe : External carbon flow, L/min

avita : Rate constant for storage of PHA min”’

qQep . Rate constant for storage of PP, min’'

R . Ideal gas constant, calories/mole-K

ri © Reaction rate, g/m’ - h

Rno d : Nitrate reduction rate, mg/L - d

Reu © Substrate reduction rate, mg/L - d

Sa . Fermentable readily biodegradable substrat, mg/L
SCOD : COD concentration, mg/L

Sy : Fermentation products, mg/L

SNH4 : NHs-N concentration, mg/L

SNO3 : NOs-N concentration, mg/L

SPO, . POs~P concentration, mg/L

SCOD. - COD concentration in external carbon, mg/L
SNHec : NHs-N concentration in external carbon, mg/L
SNOzec : NO3-N concentration in external carbon, mg/L
SPOuee - PO4+P concentration in external carbon, mg/L
SDNR . Specific denitrification rate, gNOs -N/gMLVSS/d
SNR : Specific nitrification rate, g/g - d

So : Influent BODs, mg/L

SRT . Sludge retention time, d

SRTq . Design sludge retention time, d

T . Temperature, K

v © Volume, L

X - Aeration tank mixed liquor concentration, mg/L
Xin © Heterotrophic biomass, mg/L

Xa © Nitrfication biomass, mg/L

X . Denitrification biomass, mg/L
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Xpao
Xpp
Xpt1a

Yin
Ya
Yir
Yria
Yros
Yrao
Yo
Y~

01
K
Hn max
HHL
HA
M H2

M PAC
A Grczu:lion

: Phosphorus accumulating organism, mg/L

. Polyphosphate, mg/L

: Organic storage products of PAOs, mg/L

. Heterotrophic organism concentration, mg/L

: Yield coefficient for Xm, g VSS/g COD

* Yield coefficient for Xa, g VSS/g N

: Yield coefficient for X, g VSS/g COD

: PHA requirement for PP storage, g COD/g P

. PP requirement (PO, release) for PHA storage, g P/g COD

© Yield coefficient for Xpao, g VSS/g COD

- Nitrifting bacteria yield coefficient, mg cells/mg NHs'-N oxidized
 Net TSS production including inert solids and biomass, g TSS/g BODs

removed

: Oxygen uptake ration for Xpao

: Nitrifying bacteria specific growth rate, g new cells/g cell d

: Maximum nitrifying bacteria specific growth rate, g new cells/g cell d
: Maximum growth rate for Xni. min”

: Maximum growth rate for Xa. min”!

- Maximum growth rate for Xuz min '

: Maximum growth rate for Xpao, min”*

: Gibbs free energy change, calories/mole
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