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1. [ XLE®IC
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25 2002 FIZRERINTLE, FTARAEOEMER
RIs %R TEMBRET V(ASM) & ¢ TAROET
BLEBERLABIERZVESOEFAEETHETS
BF%E(Plant-wide modelling) A3 #EA 1% U w7z VDD,
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Ta A UBO LD ICRERR TPRMICRET S
Ry DEELHETRREITATH YY) Zhb
OBZEET VI TRABEEROL=y h o R X
(EMEETRAAE, HAMHAE) OREELREHT

#&SLoM, EiZ Plant-wide modelling D=t 27 b
FRVNIE, ERefoMERLEEZRNTIIEL
HEECHB. HlIXIE, ASM ZHWTAKABTITERT
MEAEEZHEH LN S SRT 28 LizERER
TSk, PRVBREETHER LV HEEORRE
BHEOND. ZOiERIZECHEbIC RT3 RE
MLEEBEOSEHANEL, MBIV
REETD. ZOL D RIEREHEIMEBIECERA
THUE, SRS OMLERS Xtk BE2HE VN
REPRTZFANKE—BIRE LD AV RERR T2
WMTEA5HMEERHS. ADML IX, DIt %
ERMICRATE0IEEPALD. 20X 51T,
Plant-wide modelling DFLRIX, [ X &M 12
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OF Fua—Fi%, TAROEMERESEOABLRLIER
RA A< AOBFRALBHFEINBBE, WoFIHK
Uik EREED. £, T0arkT N EEROK
RICH - THRTIIE, EENREHHEOKEL
Vo T Mg S R 7 A DB RFHE &R o TC
H5b.

ASM & ADMI 2#A L TOE2DET LEEIC
TR, HEHCZHo>OFERELZLND. E—
DFIEZ, ASM TEDLHL TV AREER WY, Xs,
X;..)& ADMI OIRBEE(Xon s Xpr, Xy )2 B THRA
L, ZhdBnFhoa=y Na A bEFEET
BERELTHETEHETHD. B_OKHIER,
TASM @ XgiX, ADMI D X, X,,..OF1] &5 X
512 ASM & ADMI1 O TA V¥ —7 = — A ZRIT
T, ERNENOREER 2=y NS o ROER
FOHEET AL THD. FEFAMEEOHS R E
B3 L ZBHOFERZITFANLALT VW LT
HONTHD. £, BHEBRT ot X RN
b7 e AOBEVCIEICERRE L BKETFZAE
i chaZ b #BRTHE, ASM & ADMI TV
{ONOREEHZP L L HTHWAS Z LiIdEYEY
WELLFERTIIWEEbh3.

INBDIENS, ASM & ADMI1 #¥E&T 57
HITIE, ASM ZESEMBRRS (REBER)
DOHB L HAEMEIEOBREZEESIT TRIT S Z
ERRLEEMR T Fua—F L FHRENS. £,
OB L > CEZOFEPRY &1 5 ERMEE
ExB5Z L b CED. BT, BEDOERIF
FETIE, (1) BREBERPOGFENCEYSEEND
B IEEEREIGETAMEND 2 L, QFFEkE
TEIRP ORFEE RS I EEELRIS T OO E
vz e, RR/ESATWBEDY, oz ki,
BE_OFEEETARESOFRERICAIATER- L2
FRLTWS., LhLedb, ZhboiE Ty
THHLBEROSHEICEDLBLREER /T A —X2(Y,
DCBRBET —FBAVLNTEY, @EORK
REEDICHBREFTTAZ L8 L.

ULEDERICESE, EFLITTALEMRERE?D
BELAEHOEEBRE b L2, LEOLEER
NREGA—B 2 B2 THEROSIENY — BT 5
TEiITLk. ZhiE, ASM DEEREEESATIC X o
THREHEDO LY ER T T AN LBERERES Xy,
Xs, X)DBRESEZKRD, hb LHBEREHEOL Y
Va7 ATHEINIRSOEEEZZERTH LD
Thd. ZIT, ELOFEEZH LTI, K
B ZHOOFRPWEINILERLD EE X
7.

BRI, BREGLESEECHRIRSR LI

1:1 OMHEBEBRARHLNAZETHSE. ik
-TC, ASM TEE L5 % ADMI ORIt
SEIWENBLND. T, SROEEXBHR
ZHEEHREHFCRILEBETREATELEAE, =
N ORSIIATHICR CRELEHICET b0 L
WETES.

BRI, LOREBEREERELOT, REKS
DEHEEEGEZEHRT B0 DLERR/NT A—FIZ
RN L RS cHBOBMBBRINH S S
BZZLTHD. O ERMLERBERIL, #HETT
MIEZRHB AT A —Z I X > TRIGHR OB L5
B 50T, BREMNRAREERV S EEEFICBT
HIREBE L OB % RIET 2 HEARILA 2 K%
LTLEIDTHD. fxid, FREBEROLY
Ve AR ETNCEYBRRERE LN, B
BEWRBEDORS TH-Th, ETIER CRIZE
HashTlLE). EZE, GREFICBTZ 405
RYERR T DN A A<= AWE L ASM T 0.63-0.67
gCOD/gCOD D KW EIRICE £ 5 2 L 45
NTNWBZ &z LT, HREHFTHSH ADMI @
NA L= AMFRHEVERINTE LT, REBE
DEEFEFTH > THNRIZ—HLULEOEDRH B,
ZOBBEOVE DX, ADMI ®O Y X h(appendix A)
BEEEELEREREZELODTCVDITBE RN
EBHITON B9, fEoT, FEHEBROBESMENL
IS TREMICHIF T 2EWINER L ZORILE
BRTHZ &L, ETAHEEO L TKYIRBEETH
5. ALZFER AT A—FOLBEEHBBMERZ LT
ADM1 REEFOBEERICHRMICER I T
VDT, SHOBERHFEFEOOL2ERD Y
DEFHRENSD.

2. RERAFE

(1) FRESAHLERES
EMBRORE 2 O FALEMER D bR
L, BEZBTDIC A CTTERIICBELT 2
HUNIZEREITo 7. HiRZER L FAROERE
FiT, WTh b EEEEERESER SN TBY,
SRT iIB &L % 4-5 day ICHI STV iz, BRI
{LOREBIRIE, BB ROBREZ 87 T AL
OFRBTIEHECE P LR L. WPhORER
BEKMEMEE O HRT 138 L% 50 day TEER SN T
B0, COD EH¥EDOHILEIL SORBETH-oTz. =
DN, OO TRLEER?OIX, HBRMEKOE
FEERD D, ¥—r A OHEE CEHMIE
A EB/SSHT Lz,
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TEHETBIR ORRAFIE L 3E/3T A — & ORI,
IO 5 BE % FR BRI B RE/RE g T B 1314y 2RI i
i+ (AER-8 B, 77 = R%t) #MAWiz. Z OFERE
EEHL, FREBMEOMEHFELD L IELNT
BY, )T RT 497 AF—5 THRRIFRZE
BTREEER, QAFUTAORE - BBEY
AR ERIATHRET DL, QOKROEEE
BEADIZEHR - BRI DA, @OBEARBNICRAE
LRI a2 E5 LT ADRE - WIGERICHE
THEE, ON-OEEILERENS. BERE
BREELORBICIE, BAEHORERICE > TERT S
REEH A Z RN 270D —F 54 A FHELE
INSRR BT ABRRITENTEY, ZhiCkoTRAS
CHBWIBRICHEETATAETRRIBE LR
HEnsd., ZORREES L 500 mL FOEERE
35202 CCHERF L - EIBMEICRE L, 2 RETESO
FEGEE Rk Lc. B, ZoORERPERSME
7 e 2 ORBMREEREZEBELEZLDOTH
578, IEWBEROGFIMSEFEEICBD 28 H%
RF A—F1E ASM DRE ORI (ca 20°C) TR
TEIV LRV EL RS, LhLieRL, K%
DEBETH HIZEER T A—F NRIZPBEDLBE
¥ LREEH (BROSS) ik, ZoBREOHHE
TIRIBEEOEES2HEVZRVETFRENS.

(2) ERELBHOFIE

ORI X - TR COD A 2 o IckRE
L7 ISHBRORE, EER, HBREBHRER
BEOEERE CHE LI BEIRNAHCO; : 872
mg/L, K,HPO, : 80 mg/L, KH,PO, 80 mg/L)% FfED
& TRAL, BAWED pH & 7.5 [TRko7. HE
SEOERTIL, EEFACEBROKIHBLER

L, AZBBRBALZONI I CER LB OER L.

—F OFREGORB T, BEHKEPELKTESIC
BEL, HLCERT 5BERNEZHHEIT S
15mg/lL OF7 Y NFARBEHFMU%, BRI
NEER L CEERITo R,

BWESREOERITESLD, MASREENRF
REEEE L 0 bEDITEL, MASBRIEREED

BELR2ES FM LLOEBEE FHERTRDIZ.

ZLTC, ZORBEATHELRRF—vDLIE¥RrsT
LBELND LS, F/M H% 0.00-045 gCOD/gCOD
WCERPERCE X Tz, T FIM ik, EEOEME
RBEREZ—EIC L TEBRBRELE X &M4L, &
HERBELZEZ CTHERBES —FEICLEEED
“REREE L. BTAET, BEERBENSEIGICRIE
THELPHETAIZLE2ERNLELOT, #EiT,
EHEBROMA SR ET 2RISEEXOHEEL B

BELELOTHD., ZOZLTHE FM DLy
a7 AEBRTIERTA—FDOEY + &
dataset BICB 7. BRICHAWEFBROBE L M
& Table NZFE L T,

Table 1 Experimental condition of F/M ratios and
sludge concentration

Data - F/M ratio and sludge concentration **

set*

KMa  Anaerobic test: 0.000(=0mg/L+10,646mg/L)

1/Mar 0111 (1,296 mg/L+11,630 mg/L)

12005 0.149(=1296 mg/L+8,724 mg/L)
0223 (=1,296 mg/L+5,815 mg/L.)
0223 (=2,592 mg/L+11,630 mg/L)
0297 (=2,592 mg/L+8,724 mg/L)
0446 (=2,592:5815)

Aerobic test: 300 mg/l, 600 mg/L (activated sludge only)

Tiu Anaerobic test: 0000 (0mg/L-+15,011 mg/L)

17/Jun 0.126 (=1,420 mg/L+11,258 mg/L)

12006 0063 (=710 mg/L+11.258 mg/L)
0084 <710 mgL+8444 mg/L)

0126 =710 mg/L+5,629 mg/L)
Aecrobic test: 6,958 mg/L (activated sludge only)

T Anaerobic test: 0.000(=0mg/1+25,632 mg/l)

736l 0,046 (=1,180 mg/1:25,632 mg/L)
2006 Acrobic test: 6,938 mg/L (activated shudge only)
TAu Anaerobic test:  0.000(=0mg1.+16,234 mg/L)

4/Aug 0.103 (<1,260 mg/L+12,175 mg/L)
/2006 Aerobic test: 6,172 mg/L (activated shudge only)

TSe Anaerobic test:  0.000(=0mg/L/17,000mg/L)
14/Sep 0093 (=1,186mg/L./12,750 mg/L)

/2006 Aecrobictest: 5,813 mg/L (activated shudge only)
TNo  Anaerobic test: 0000 (=0mg/+25,716 mg/L)
8/Nov/ 0.031 (=803 mg/L+25 716 mg/L)
2006 0,062 (=1,606 mg/L+25,716 mg/L)
0.125 (=1,606 mg/L+12,858 mg/L)
Aerobic test: 7,871 mg/L (activated sludge only)
Tla Anaerobic test: 0.000(=0 mg/L +14,482)
19/]an 0.124 (=1,789 mg/L +14482 mg/L)
12006 0062 (=84 mg/L +14482 mg/L)

Aerobic test: 10,408 mg/L (activated sludge only)

TFe Anaerobic test: 0,000 (=0mg/L+16,765 mgL)

16/feb/ 0.094 (=1,583 mgfi +16,765 mg/LLimg/L)

2006 0.047(=792 mg/L +16.765 mg/L)
Aecrobic test: 6,174 mg/L(activated sludge only)

* Samples taken from: Kitami wwtp (KMa dataset),
Tohkamachi wwtp (TJu-TFe datasets)

** Values in the columns: anaerobic test: F/M ratio (= activated
sludge concentration=seed sludge concentration, acrobic test:
activated sludge concentration; F/M ratio & sludge
concentration : COD basis

MEOREH CRE LT — 2 & Y SE R,
X@zERTFoey PLTLIERr I AICEEL
7. BEOEDFMEL, MAeEHOBESLE CHL
> TAF AAERREE - BRI E A R
BHZETARED, —0oviErasSarifi~g
I ETEFABEDIITICR A RIERIELN B,
INRFEHL 0 ST A0S RIEFHRSM
DO HIIR LI b DT, KELEKOBESCHKE
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BERDOL ) RFIETEHEZ.

(1) BRICE £4 2 ZBROBEMEEY SRR S
DREEE Xy, X)DBBENRBEXZ LV ER
75 ADEEE D LICBRIZE > THRENICER
H5.

() Zh b ZEEORS DR D B RS EER
(e.g Xy First-order reaction; X5 Contois-type
reaction)Z b L2, LRSI T ADNF—
PEOICRAT IEERDOEEN~T T4 v T
4V T ko TRITSHRINICRET 5. oK
KB CTREZHRELRET .

(38) NAFTRREDEHIH
ILZEROBEDT, BFHEEEZRLLTE:E
BT FAF— (Gibbs =FRNLE—) ZHRVTHRE
RERAL A< RZEHETS. ZORBCEITS C,
H, N, O DFEERE - TR X —DIEKFR1)TE
&h 3. Heijnen et al. (1992)DIFFIZ L ->T, 1 =
Sy FONRA A AR TE L EXIIHELTD
Gibbs TRAFXF —XEFSAKOBERICH I EE
BEIFRN ERE - TNBY,

—I—(C-)mol Electron donor +—1—mol Electron acceptor
DX . 4Ax
+()N source

— +1C-mol Biomass+ —I——(Heat) + L (Gibbs energy)
Yox Yox

+( ) H0+ (. )HCO; +(.)H*

8))

Where, Ypy: biomass yield on electron donor, Yy
biomass yield on electron acceptor, YQX": production of
heat, Ygr': required Gibbs energy for synthesis of 1-uit
of biomass

%72, Heijnen et al. (1999 LiE, ATP DARR
PEPBIRICERV IS 2 R R A R E, —&kH
REAEM ORI, RIS TER L Gibbs =R
—LRBRROYE (£/<—kaWLLick&n C
DOFKE C OBTLE) CEEREDLZENDTRENT
WA ZHiX, MacCarty 35734 F < AL R 5 B
TTFRICED LRI FTHATH o ez R X —5)
L ERBROPETHE ST b 0THBY.

T, ERBROEDSRIERS #RN1)DE
FHt Bk (CIR) AV, B DEREARR
Gibbs TR F—DEZRATHIE, ZORIEKCE
T BA—N—F =N DA Fe AREE TR & R
OVTHOEGETHIEOMNEHER T Z &
BTED. ZOBRTHRWICREEAER Gibbs =RV
F—D Y R & Table 21~k LT,

Table 2 List of Gibbs free energy of formation in
standard condition

Species Gibbs free energy of
formation (kJ/mol)
Biomass (CH]_gOO‘sNo‘z) -67.00
H,0 —237.18
HCO5 —586.85
NH,* -79.37
H* 0
H* (at pH 7) —-39.87
C,H;0, (acetate) -369.41
CH, (methane) . -50.75
Elements (H,, O,, etc.) 0

Fio, AF ARG HERIEE AR E R 4K
THHEEY (B L&Y OKR) »OBETS
DT, ThHD/A A< RREY Gibbs THRAX—
FREBICLTERITHLERDD. I DFERHN(Heijnen
etal, 1992)2XQ) L RO FLERRLED.

17Y GX (kJ/ 'C-mol Biomass)
=200+18(6-C)"S+exp[{(3.8-7)2} *1*x(3.6+0.4C)] )
(Organics)

1/Y gx (kJ/C-mol p;omass)= 1,000 (Hydrogen) 3)

Where, C: number of carbon atoms in the substrate, »
degree of reduction in the substrate

3. ERER

(1) FBESRORESSHE

Table 1D CEEREMHDE H LV KMa dataset D
Lo n S 7 hEFigue IR LK., 77 70FIk
FEEMLHEEGETHEDTELLTEY, WTh
DIPEE LISHMM 0 122 Bicm kY, Zoi
BB T AR - ERLE. ZhiX, SR
ENRT VRS & BHSEINIZ S VRSO T
EREENIDEORBNRIEE ThHo .
HADOEMBRAEHITOESE L TH B 2D, =
o OMRIY, EEIBREMY OMA SRS TE
R L ISR B MRS (SO A RICHE N T B
LOLHETTE B, ZOZ LD, BEEOHICEN
FRERES SR I N BB, EHBRCEERD
X RO DDRBICED b0, BEBY TERLIITHE
R EE AW BRI, EMERICSEN SR
REWEDU)OBCHLICE D bD, EEXE.
FEE, HRIBCEWEIGEESBE S S8R,
WENOEREMETYH X BSOS REEDRET
K< FAWVWH B Contois BORGHEER TRTZ L
NAMRET, FEREE MBI T 2 ERIT Xy
oy DRI SIREERRTH D 1 RRIEER
TRTZEBTER. ZhiE, Yasui er al (2006)D
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WREIRAKETH-ED. TR YIalb—4&
(GPS-X, Hydromantis Inc., Canada)iZ X > CZh b X
B DHIRE Xy B Do fEE RS T LR E &
B, BEREHELLOBBRICARTEIN—RT( %
BHEBR T I 7RI ENTRER L,

(2) BETFTREOLSBEETN
FRE&MN L BR MR T HIEBROSR Z

— % FNENTable 3 & Table 40 Peterson matrix 2
AL, SREET CIEEERMED OB CHELIc
Lo THERT DLW RERS L, BRI (bR
BRIEEENIHWEDIC L - THEBRENS. 1o T,
FREME L HREAETHBOET NAEELZ X2 DB
2, FREGOLGEET NV THHIEN & FRRIC,
WMAEH OB CHELTER LI sl oi3a &
BRI ND LARRTHERSD. ZOZLEE
BLT, FFRCBTIFROGBETNVITIZED
BILEDL LA A APEAERT D Death &
regeneration concept % i\ /2 ASM1 28 L. =

D=, FKEMDTable 3 & BRSO Table 4TI,

WY Xy REBEE/IC BT —NO%E % 8-
LTW3. BEKEMED Peterson matrix TIY, &5
VEHSROMAEMIZ X D X B DMK AR, &R
DOWAEY (BAERMER) X3 X REOmAs
7, BBAERRMERE OB, X ¥ I HERE O, E
HEROMAEY OB EHlL, BERMEROBCH
b, A EHMEHOBCHLE, © 7 S ukixzR
.

ADMI T, BARMERE A ¥ VARG HE
BICEROEE (REBEH) 25812 C, ThFho
HEEFEHLE 38T a2 B8H 20, Lialiesd,
T 6 D% KRS THRMICAERT B
W ONDESERDBZZEEFBER LEHDOTHS
7=, EMBROSGRE NS F——F— VORI
PRETIEMEOC BNICIABTETHS., =0
LI X > T, HMRMEIL T 2 XA TESEx R L
THREEEEHMARIN— 0 7 Th HEEER
BB & A ¥ VERTHERE)O 2 BEIC
BoToincTEsr™,

0.3 Anaerobic.:FM=0.11 0.3 Anaerobic. FIM=0.16 03 Anaerobic: FM=0.22
- o (=1296/11,630in COD) — (=1,296/8,724in COD) - (=1,206/5,815 in COD)
goz §o.2< 502
o | 3
3 01 |} 3 0.1 3 0.1
o o o
& 00 o g oo g 00 L—mmannes
0 2 4 6 0 4 6 0 2 4 6
Incubation time (day) Incubation time (day) Incubation time (day)
0.3 Anaerobic. FM=0.22 0.3 Anaerobic. FIM=0.30 0.3 Anaerobic: FIM=045
—~ (=2,592/11,630in COD) — (=2,592/8,724in COD) R (=2,593/5,815in COD)
502 § > 0.2
S L 3 S
-4 0.1 2 %
DA i x o
o A L. ., T o N T= Pt el fabal i
s 00 s 0 % ,
0 2 4 6 0 4 6 0 2 4 6
Incubation time (day) Incubation time (day) Incubation time (day)
03 Anaerobic. FIM=0.00 10 ¢ o Aerobic: COD=600 mg/L 10 Aerobic: COD=300 mg/L
—_ (=0/41,630in COD) 3 : 8 : mg
> — E
] 0.2 = E 6 3
3 3 3 O
Z 01 g g 4
x . g 2
s 00 : . 3 0 )
0 2 4 6 © 0 1 2

Incubation time (day)

incubation time (day)

Incubation time (day)

Figure 1 Respirograms in anaerobic and aerobic condition of KMa dataset
(OUR: oxygen uptake rate, MPR: methane production rate, Short dot line: boundary between Xg and Xj; Long dot
line: baseline of seed sludge, Individual curves: determined by curve-fitting)
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Table 3 Aerobic digestion of activated sludge organics based on ASM1

Component — / Process ¥ Xs Xy Sk X; So2 Rate expression
Hydrolysis of X5 -1 1 Contois type
Generation of Xy 1 -1/Yy -(1/Yy1) Monod type
Decay of Xy 1-f; -1 £ First-order type

Table 4 Anaerobic digestion of activated sludge orgamcs based on modified ADM1 structure

Component — / Process ¥ Xs Xy S S, Xieid X X; Rate expresswn
Hydrolysis of X by Xy -1 1 Contois type’
Hydrolysis of X5 by Xy.is -1 1 Contois type®
Growth of X,z YUYy VY41 1 Monod type
Growth of X, -1/Yy 1 Monod type
Decay of Xy 1-f; -1 /i First-order type
Decay of Xy.is 1-f; -1 f First-order type
Decay of X}, 1-f; -1 1 First-order type
! SF : Fermentable substrate (sum of Sy, Saas Sfus Xou > Xpro)s 28, : Substrate for methanogens sum of S, and Sy,

)(j,c,,, Acidogens in AD sludge (sum of Xy, , Xag, Xz, Xou » Xoro)s

4 X\s : Methanogens in AD sludge (sum of X, and Xj,,)

rate = ky*(aXs/(Kx*XgtaXs)*Xy), a = Xp/(Xirt-Xycia) (Anacrobic hydrolysis reduction factor is applied under AD condition)
r ate = kH*(( i 'a)XS/ (KX *XAc1d+ ( 1 'a)XS) XAcld) (l'a) XAcld/ (XH+ XAcld)

4. BE

(1) EEER/NTA—2 DERIL

Ekama et al.(2007){Z L #UiE, Death & regeneration
concept (XBERMEMILRISIC G ERAFIRET, WA
DI TERT BREERR S DEREIE LIIFR
LERDOWThORH TS 8%IZLEBETES L
BHELTHEY. ZoZldhb, Table 3 Table 4T
RULIALZER T A—FOR, BB LETDEH
DE, (1) BFREFICET 2 B CEER?» L ON
A A ARB(Y) L, ) WERMFTBTDHETH
{LE® D b DA RME (X0 D /31 A< AL
T2 HTNT, G)EBAERRHBEEE A AR T 2 BEB/ A
Ro DA T ARG BEREX,)D/ A < RUXE
M)DEDEF T L.

a) WREHIZHITHNAFTARE Y,

HROBCHERIETNAAA AR (LY BE
A% 3 5 Death & regeneration concept DX % H(4)
TRLE, ZOKXTIR, BCHLBRTHRHEENS
Xs R EERDNAA A~ RATRACTERRK
(CHXOYN)ZE B T2 b D EREL, Zi% Table 2
[ZEE-SWTCH; 3005Noz L B2, RISICBEET 5
FLEWD 5 SO a,b,¢,2,diE, CCH,OND4
FTRICET 2YEINK & EFR ORI % LI #E I HTE
RILE - TELICHELL T N TE 5.

H O —DODRME AL, WRIZL-oTRUEDTE
FBHETHS. ORI, (+h2=y bDOALF

CANL 2=y hORS A ARERTEZ L%
RLTWBDOT, A+ 1AL F= AR ¥, &%
SIZE L.

NAF = RURE Y, O, BHEFBROBCHE
EMTHD Xs RO EREE/ICRETHE, FREME
TBXZ 067 10hBLARBELOLNATNED.
(A+h)" = Yy DBIED S h = 0.5 BELICEI NS,
ZDEICLT, BERMODNAA A< AR BRI
B sWE/ XN F—DIREZ Th B2RU@)EZRT
x5,

FLT, RE@ERFD hAG 1%, 1 2=y FDA
AATAR AP OBERT S & EITHER
Gibbs = V¥ —(EFAE R = R )L ¥ —, Heijnen et al.
(1992)D 1/Yo)% BT D. hAG OfEIL, Table 20
BfEL Yy = 0.67 ZXE@ICARA LT 236.34 kI/C-mol
Biomsss (P05 EHE XN 3. BiRO@EY, Z DM
ERTRIAF—IHMREGH CORBEIR2Z L R
ENTWVWBDT, ZIIUT K > CTRE CEA AR
DR I ARBERD B,

7B, ZOHEBERTRILX -1/, o
— A0 L) RBHTEMFIL ST WERD %
HEE/IC R E Lz & & Dff(200-250 kKI/C-mol piomass) &
BIERILThotz. Zhix, FEHEBRD X ok
MED OB T WA~AFERMETHHZ L &R
LTWs., B26<, XsEuoiiMEMOBRYE
CHRUOEETH - T, émmmén%?wﬁﬁ
FHELTWAbLOLEDbNRS.

Biomass regeneration from decayed products under aerobic condition:

(1+A)C,H,0,N,~A(aH +bHCO; +cH,0+zNH, +d0y+ 4G)~C,H,O0,N,=0

@)

Where, (1+£)=Yy"'=1/0.67, a=(n-2)=0.8, b=n=1, c=(-2n+x-32)/2=-0.4, d=(-An-x+2y+32)/4=-1.05, AG=released Gibbs

energy (= 1/Ygx + h), assuming Yy, = 0.67 from ASM1
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Biomass regeneration from decayed products under anaerobic condition: .
(1+h)C,H,OyN,~h(aH +bHCO;5 +cH,0+zNH, +df,.C,H;0,+d(1 ~fac)Ho)+A4G)-C H,OyN,~0 (5)

Where, a={(-2n-x+2y-32)f,+2n-3z}/(3f,c+1)=0.41, b={(-n-x+2y+3z)f,-3nty}/ (3£, +1)=0.21, c={(-n+2x-y-62)f;-
3n+y}(3fat1)=-0.92, d={(4n+x-2y-32){/(6f;+2)=0.92, f,=0.43 (obtained from proportional mapping of “COD flow
chart” in ADM1, assuming chemical composition of biomass: carbohydrates ~ 12%, protein = 76%, lipids ~ 12% in
COD basis), AG(AG”)=released Gibbs energy (= 1/Ygx + h =~ 236.34 kJ/C-mol giomass + %)

Biomass degradable Carbohydrates Proteins Lipids
components (C% in COD) (P% in COD) (L% in COD)
l LT\
Hydrolysis MS AA LCFA
(fis = C+L*3.3%) (fua=P) (ficra = L¥96.7%)
™\
Acidogenesis HPr, Hby, HVa A
ess =Jrs*42% +134*53%)
v
Acetogenesis Acetate Hydrogen

(oe =JSras*39% + f3.469% + [,*40% + [} 0ry *69%)

2 = has*19% + £5.4#31% + [, *7% + [0y *31%)

v (molar f,, = (COD £,/64)/ (COD f,,/64 + COD £;,/16))

Methanogenesis Methane

(100% =f, ) |

Figure 2 COD flow chart in ADM1 (modified from the original figure)
(f with subscript: internal stoichiometric parameter of individual fraction, e.g.: fi;s= fraction of monosaccharides)

b) BRERBEABRO N AT RANE Y,y

TEMETBTE DMK D FRED H> & B AR E BE( 100
BEHEL, ZOBRBTAZ VARGTHERORLE
EEBR KB ER T B A — " —F— A DG, &
G)TRINhD. Z0OA, RHFORNTEK £ 13, B
ERE I CERT HEEEE & AKFROLES mol KHET
RLEZLDTHD. ZD fi 1L, XsBHOTEARK
bt BAE - BFEOERBREROEEL R F
1133 Zoz L EEEL, Figure 210K L7z ADMI
ORI~y 7& AV, SBRREEERORE . &A
B EEOKER 0,12 :0.76 : 0.12 (COD/COD)% £l
—MREILEZ BND £, =043 21571,

%72, Heijnen et al. (1999)D A F~ RULRDOHE
BRERE)IT 1 mol/L OREEHEEELNTVS
25, RSP Gibbs TR F—AG IZEBDOKES
FE&BIE L7-AG (= AG + 2.303RT log[H,] “ %
WERENRHBY, 22T, FubFrBoSEe
KBGO A 7 EREHEIC L D KRBEBRMESL
THARENREHEERL, HRMEHELE 2R
KFBHSEMC 10* atm 2B LY. oy Ol
ERHEERICBD CTRENREEBLME LRV
», WEXZZOEEEI LN TESY, 22T,
ZORISIZBWTEBARMEENE S Gibbs =L
F—AG 1, BI % 2823 kI/ C-mol giomass & 72 5.

—5, 1 2=y bORA F=ABERTBHD
WRER T R X —T, HFREGOREID 236.34
KI/C-mol pigmass & BN TS, 22T, TOER
AWT, BREFETHIRG)ORIEICEBWT 1 =
=y NOARL AT ABERTBOD h &3S
APRIFIROFIETRD NS,

(1) BERSMEDAG 13 28.23 kI/ C-mol piopass 72D
T, hAG=236.34 kJ/C-mol pigmss & U ,
h=8.7 (=236.34 /28 . 23) M Ehn 5.

(2) 20 h=8.7 ERGEWARA LT, BAERMEE
BEX ) DR Vi 12 0.107 gCOD/gCOD
BELNS.

ZOWRDMEIX, ADMI TE D ONHENIS
DUNEE(0.01-0.17)°7 2/ Beh B DILE (0.058-0.16)
OFENLETHY, E, Sotemann et al. (2005)
PEKHEHIE Tt RO THRRENHRD LR
(0.1074)Z KB 3 THLWND,

roOFERL, BB THIHFREGED A A= RN
REH LI, NA L AREET 575D Gibbs =

CRAE—EZFPRD, RIS, ZhizE-S< Gibbs =

FNAF—INZEFA LT, HRERHCRTIHEIN
RICBITDERMBMERSLOTHB. ZORR
P HEREME DA A ZULR(Y =1 Ry Y HSE A
n3. ZOZLET, BFRIFERONVTHOERETYH
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A A= ANBRLBFOBAZHBIMBEZ BN D
ZliehB.

) AR VEREHMERO/NA AT RIE ¥y,

A E EREHREROF — R —F— N DR F=
RAMFERDBHIZIL, REBe BLHE8E(LE

KBEOWMENER T TELXILERDD. £7,

BEOEBRATHIRQZHAWVWT, BiEOWHET
HBHC=2 CRETOHK) ,y=4 (CORBIE) »bH
1/Yx = 432 KJ/C-mO} pigmass 2T, R@ICHELIR
XRE Ve U CEIBELE A & AR d & DI R

75% & X; fraction
0 X, fraction
AYasui ef al. (2006)
@ Yasui et al. (2006)

o,

2 Y =1.04X
£ 72=0962

Biodegradable fraction
in anaerobic condition

0% . . .
0% 25%  50% 75%
Biodegradable fraction in aerobic condition

(Y.)& LT 0.035 gCOD/gCOD BKE 3. %7, R
REBRFEIZL T, ABEMEAF VERTHEO
NE(Y,)b 0.068 gCOD/ECOD L REL NS, T
NHOAL G~ AMRIE, ADMI TEEHLNE
HEBH(Y,. = 0.014-0.076, ¥), = 0.014-0.183) T o /.

FIT, F——F—NDAF AR ERERED
IR Yy ik, ETRELEEHNHES £, =043, ¥, L
Yie £ 9, 0.054 gCOD/ECOD (= YoxfortVipx(1£a)) &
H#Hihb.

75%; © X, fraction
* Yasui ef al. (2006)
Ekama et al. (2007)

o
=]
X

N
3]
X
]

* Y=0.989x
r2=0.883

Unbiodegradabile fraction
in anaerobic condition

o

°

0% . . .
0% 25% 50% 75%
Unbiodegradable fraction in aerobic condition

Figure 3 Comparison of Xy, X5, X; ratios between aerobic and anaerobic conditions
(®,V,¢ Hl: Replotted from Yasui ez al. (2006) and Ekama ef al. (2007) by modified stoichiometry)

(2) FREHFELBRIEHICHTIREBEHOIEM
AEICEE U LFEER /T A —F, Table 3225
WNZTable 4% % L 12, % dataset DL B2 T A
TRDTZFREM & RS OREE % Figure 3
ICE L. ROEDS T 713FK44 L HREl
TROBEFRF OEDREFRRLZYE Xy, Xs)
DOEFEHEEMEECTHELZLDTHS. WD
O dataset T Xgld Y=X DEZR D T h 7 Tl
B o T, TNLHIXEEBRPDO Xy DFEESIA
BEWD, SITBREOREBEZT-b0LELD
5. —HD Xyt o dataset THEMEBRIC
S0%RBEFELTED, MEFCROEFERSIT
BOTEP>T. It Xs& Xy bR -ERit

RS IRERIREIRESY DIFRAME L RS FICRT 5

TEEEER %X 0.962 ¢, 1FIF 11 ITHEAL T,

INODRRMD, EHEFBRDOEWYSIETRER
Mk, BTEDEZRI/ /T XA — & (Y-0.67,
Y4=0.107, ¥)~0.054, f=0.08)% 5% % = L THFRL
# - BREHEOVTIOET VI S IEDRELTE
X, X BE2BZENRTEBEELLNS. Fr,
B DAED T T 75 L EEM R RER SO D W
< 2? dataset T Y=X DELRH G P /e TRl
HONTIZT T, FREM EHRIEHLETRDIZIFE
HAISERLTHo -,

0.08, ¥’

o075 7 IZBEEORBREE R (Yasui e al.
(2006): [H4y 528", Ekama et al. (2007): i ERY %
BWd 5728, ZhbOfEfricEbhicbEER
FA—ZERO)D LS ILAHRTHLEICEE
X_'CEEGE@ dataset 7o > kL.

X gl YAcrd %1 YM %X
57 1 YAc:d 1- YM §
b, XH = (l YAcrdXI YMX1 ./})

(1 YAc:dX1 YMXI /})
Xl_ total (XS+XH)

(6

Where, Xy , Xy, X; : recalculated fraction from the
literature data using the stoichiometric parameters in this
study (-), X5’ and Xz’ : original data in the literature,
Xowt: total sludge organics, Yyua Yis f7 : stoichiometric
parameter in this study (0.107, 0.054, 0.08), Y’ 4cia, Y'as,

1« stoichiometric parameter used in the literature

Yasui et al. (2006)3157= Xy & X;@ dataset T,
Xe BT =X OEREIZ2D—FT, Xy ixbTh
KB Tuy hEhi. Xy DT, BEEORE
THELNIALZEER T A—FO¥E Yy b’ =
=0.00, f;’ =02)DA, fDEDEVHIEL B
BLlDThHo7T. ¥/, Ekama et al. 2007135
72 X, @ dataset X, Y=X ODEXIIZIER-TS oy
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P&, AR TCELER L HFESOMBELIZIERT
Thol. 2k, HEDEEHR T A—FO®
2 F(Y4aa’ = 0.113, Yy’ = 0.00 , f;” =0.08) B3 AHF 52 T/
WEBELBDTHENo O THD. B2y bL
7= dataset ZEHT X, OERHEEZBI RS &, #F
RGM & B GA OMHBRENL 0.883 (Tl /.
DD, X bIFREH EHKISEMHT L1 IS LT
WEBERRBRLTELZZRNEEBZONS.
UEDRRED LIL, FREMNGLERSLTHLE
LTAWS Z LR TEZEEBROSE~y 7%
Figure 40 X 5 IZIERK L7z, IEHBRBORBRE
WED Xy id, BEWERSCE > T—BEEWHT
REMRRS X 5 U5 LB RO 4 Rk %
B Xs®HEMRT H. T D Death & regeneration concept
LS T, Xy DAERRIMAKDEP HEE SH(S)N
DL BB, ZOMASRRISE, EEBRBOMK
EWdH D VITETHEE LB R OMEDIC L > TR
Thbihd. ZhZE & EEOR/EHEER
ZELT Xs HROBEFHGSESHSNVBBILENS.
ZDLEWERTD Gibbs TRAF 2 Lo T/NA
A AR T D, TN, e A EREEIT, X

-
—

B YY) TREND. BHONAL F= R, R
DOEMBRAE 7 11 R L FEKOEISMENET
ATAVE—T 2 —RAERITOHLEL, Xy & Xpw
WWRAI L CEDRTNER S0, REMICIRE
CAT IV —DRBEHTHD. ZOIBBT, Sy
BEK[EHTHEIND. BREMHTIZ, BiEE/K
EPERTBEEDBIL, ThDIRAY ERTHE
KGN E D TAZ (Sl in 5.
Ty 7, FREM L EEEETIRERER S
TA—BZDINB Y LBNSIFRTG A—F OEE TN
By, TEERLIOEREE fEETRERORIE
BEPSiz 3817 53 B KO 1E(Contois type, Monod type,
First-order type)l3 BT 2L Z 2L TWAD. ZOX
B INIE, BHBROMAIBEREBTT N
DAVE—Txz—RAZTHZLHBTE, ASM O}
1 ((5IRMEE) %2 ADM1 OANICEER VST &
BAEEIZRD. T bHDOI L, Yasui et al (2006)
& Ekama et al. (2007)3B0EHEHH Lo M5 RQE
Tk R KM 2 R ORGSO TR
HIZOWT, ZORMBFY LRI L 2ILFBHR S
A —F DBAZHILEHEIC Lo GRLELDTH S,

Regeneration

Yyor Yyua

SeSs) | A air-:;ljc Yo
H 'SOZ XM(=Xac+Xh2)
First-oraer type 1-7, Acid
(Decay) Contois type anaer "b’c), -S (S1) - s
(Hydrolysis) Monod type se”7h2 A chd
(Growth) d
Figure 4 A mutual map for decomposition of activated sludge under aerobic and anaerobic
condition
60% - .
o [ )
Q. ° e B A —
-g é 40% F O/r— ® TV —
&5 f .
g § 20% | Average: 42% (aerobic) @ Aerobic
g« 42% (anaerobic) —o— Anaerobic
5 R
0% Lt L o L L 1 L I
1Jun/06  31/Jul/06 29/Sep/06 28/Nov/06 27/Jan/07

Figure 5 Seasonal variation of unbiodegradable fraction in Tohkamachi wwtp

Table 5 Values of kinetic coefficients for Tohkamachi wwtp

Parameter Aerobic condition* Anaerobic condition*

24(04-6.0)

Maximum specific hydrolysis rate, &, (day™) »
0.071 (0.035 - 0.20)

Half-saturation coefficient for hydrolysis of X5, Kx (-)
Decay rate, by (day™) ' 0.27 (0.15 - 0.40)
Anaerobic hydrolysis reduction factor for Xy, 7., ()** -0.07

3.0(1.2-5.0)
0.071 (0.035 - 0.20)
0.79 (0.50 - 1.2)
nil

* Average, (Minimum - maximum) kinetic values observed in the experiments at 35 °C, ** Yasui ef al. (2006)
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(3) EMFROMAREEHBRS A5

Bz, BECEEBR PR U TN R
@ dataset (TJu, TJ1, TAu, TSe, TNo, TJa, TFe)% % & 12,
TEHETB TR O I EM S RIERS ) DEEHEZ S
MRSy DRI AL 28 1327 A —
% % Figure 5& Table SICZFNENRT. ZOFAL
HRRO X IERPELTRELSETEZ LT
<, BICEEBRFORBLZ 40%% 5D Tz,
Zhizs L, BA%RT A —2 [ IREREISD
OEERHY, B X ICBT 3B RIMASEERE
ERITEEBRAE TP R R, Z0HEMAIHA
ENTRVE, s DFED—D2THBFTAFTOER
BOMBENEHCETEZ EB—RIZEZ BN
5. ZlEL, BISEROERTRDNZI DI,
X AR ENLT S KN ILoBRICIRIEE A
EBELRVDT, ZONRT 2 —F EidsE
FEOECRITFEEEELRE LR\,

—5 D Xy O ECHIEEE byiT, EREELTH
BH—ELTRY, EF2EBL TRALLELER
DOWEBHOB L F 0% B HEEIEBLERNTHAEL
TV EHFESND. BB\ &2, HREHGD
by IXFREBH LY BELI RBER»SH Y, Zhi
Yasui ef al. (2006)D#E & —FK L TWE?, ZoBRL
FEEFIITATHEIHLOD, FREMLHEL
T, HEEHETCIRBEZHARL T/ =A%l
TAHRUNEM OB EIMEVZ L BREBHOOE DiE
253, 7, ZThishch, BEEfholn
RO RT3 12 0= R A F—HEL
BlolEBXDZ L CHIATESWREERDS. #lx
i3, EHEEROMADIL, HERAHITRD LEED
BIBERCBEDAZEOBREIHER T LR
, BEERTIVODOBEERTZITEHAVE L E
X, BEREMHT by MEL 22 B2 4B/
RATE B,

S RERY O LM SR TR SN & RS
THBOETMMEETETZ L2 BN, BEOE
HEFIEREE W B 3 M 2 GRSz & » ¢
BB OB RRRE — R, ZORET
AL R LT OHEY Th 5.

DIEMTE RS OB ALY S AR AIR, SRR
L FLADMDIEBW T HIEHFBERET LV
(ASM)DIREEEHTH D Xy & Xs DEITRTZ &
BTEDL, £z, HIWEHELELTowRD X O
ERFKERTROLNS X EI1FIF 111 T L

To. TROHDT e, HROMAKD B
EFNDA v E—T 2RI THUIT ASM OH S
(75RHMEL) & ADMI DANICEERW %S
ETNOBENTRICRD LELDLND.

2) ASMI1 @ Death & regeneration concept %, H&E M
ML 7 2 R8T 2IEHBERMAEDOBE AL
SfRL, THICH) BERBEROMMEE R TR
RBRIZHILERARETH -2, Thebéls, X
NHONAL Fw ANBEFRLEROWVTIOSR
HebHBOBAZNERICL > TFEEHH
THENTET,

BEE  REFRIL, Fo X — - EEEINRARRE
BENEDO)Z & B 3 T AT XN X — B RER
BB V=7 FO—R TR Z 2bhiz.
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ASM State Variables as Interface for Modelling of Anaerobic Digestion of Activated
Municipal Sludge
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Yu-You LI? and Tatsuya NOIKE?
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Modifications of entry organic fraction in Anaerobic Digestion Model No. 1 (ADM1) was studied to
improve continuity from activated sludge process to the subsequent anaerobic digestion process. In this
paper, fractions of Xs, Xy and X; defined by ASM were compared with those measured under anaerobic
condition. Eight datasets from author’s batch experiments and seven datasets from literatures were used
for the comparison. It was found that respective ASM state variables were well correlated to those under
anaerobic condition, indicating Xc and X; in current ADMI1 structure could be replaced with the three
ASM constituents. To explain the fate of Xy in the anaerobic condition, death-regeneration concept was
applied where anaerobes grow from the anaerobically decayed Xy with low yield constants that were
elaborated through available information of ASM and thermodynamic calculation. As the stoichiometrics
have a mutual background, the response of COD compounds in decay stage is possible to use under both
aerobic and anaerobic conditions.
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