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ASM-based State Variables to Express Hydrolysis of Activated Sludge m the Anaerobic Digestion
Process

TH BWE MA E£EF R SU7 gz ZF EBERT OB ST
Hidenari YASUI, Misao SUGIMOTO, Kazuya KOMATSU, Rajeev GOEL, Yu-you LI, Tatsuya NOIKE

ABSTRACT; Kinetic modelling of hydrolysis stage of municipal activated sludge, which is presumed to be rate-limiting
step in the anaerobic sludge digestion process, was studied by measuring methane production rate (MPR) in anaerobic
batch tests. The MPR curves revealed the degradable organic components in municipal sludge could be classified into
two fractions having different kinetics. The first fraction (Xs;) constituted about 55% of the sludge COD and degraded
with first order kinetics. The second fraction (X)), which degraded during the initial phase, accounted for about 21% of
sludge COD. The degradation kinetics for Xy was expressed by Contois-type equation with respect to concentration of
substrate in the fed sludge and that of active biomass in the mixture. Simultaneous batch aerobic respirometric tests
showed the activated sludge was composed of 53% heterotrophic biomass (Xg.enie) COD and 20% of slowly
biodegradable COD (Xj), that had same kinetic expressions as observed in the batch anaerobic tests. The observed
correlation between substrate fractions suggests Xs; and X, could be directly mapped to aerobic state variables of Xjsere
and X respectively. The degradation of Xs; seems to be anaerobic decay of Xz semn while X is thought to be hydrolysis
of X by microcosm of the sludge.
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Table 1 Experimental condition of sludge concentrations and F/M ratios

F* Substrate (Activated shudge, mgCOD/L) 0 1296 1296 1296 2592 2592
M: Seed Sludge (Anaerobically digested shudge, migCOD/L) 10,646 10,646 7985 5323 10,646 7985
F/M ratio 000 012 016 024 024 031
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Figure2 Respirogram in anaerobic condition, after Figure3 Respirogram in aerobic condition, activated
subtracting base line, F=2,592 mg/L, M= 10,646 mg/L. sludge: 595 mg/L
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Figure4 The degradation kinetics of Xg; in the anaerobic condition, comparison based on type I
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Sz Tnert fraction in Xs; (0.20 mgCOD/mgCOD), k.xs;: Specific degradation rate of Xy, fraction (day™), Yi mersic: Yield of
hydrolyzing biomass in anaerobic condition (0.08 mgCOD/mgCOD), Xc.4s: Fed activated sludge concentration (composite,
mgCOD/L), Xsy): Initial X, fraction in the activated sludge (mgCOD/L)
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Figure 5 Decay of heterotrophic biomass (Xzr4embe) in the acrobic condition
Xy Ambe(y _ (Im'tial oxygen uptake rate J / Xens @
XC'AS (1 - fXI ) : bH—Aerobe

Where,

Bit.4erove Aerobic decay of heterotrophic biomass Xy, seas (day™), fiz: Inert fraction in X sense (0.20 mgCOD/mgCOD), Xc 450
Fed activated sludge concentration (composite, mgCOD/L), X.serauoy: Initial heterotrophic biomass fraction in the activated
sludge (mgCOD/L)
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Figure 6 The degradation kinetics of X in the
anaerobic condition, comparison based on type II
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Figure 7 The degradation kinetics of X in the aerobic
condition.
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Methane gas production rate from X,

XSZ . {/YH~Anaerobe/(XH—Anaerobe + XH—Aerobe )} X
K X +X / Ve +X )} H—Anaerobe
X —-Anaerobe "> H - Aerobe 852 " ! H- Anaerobe H - Anaerobe H— Aerobe (3)
X S2° {XH ~Aerobe / (X H-~Anaerobe T X H vAerobe)}
KX—Aerobe . XH—Aerab¢ + XSZ ) {XH—Aerobe /(XH-Anaerabe + XH—Aembe

= kH —max- Anaerobe

+ kH—max»Aerobe )}XH—Aerabe

Where,

Kt mcutorabe. Maximum specific degradation rate of Xizsouse (03Y7), Kefomocmserase: Maximum specific degradation rate of
Xet-pnaerove (2Y™), Ky gerore: Dimensionless half-saturation coefficient of X gerope (©); Kiinserobe: Dimensionless half-saturation
coefficient of Xzr.4merobe (-), Xarerone: Heterotrophic biomass fraction in the activated sludge (mgCOD/L), Xz 4nerobe: Hydrolyzing
biomass in the seed sludge (mgCOD/L), X5, Slowly hydrolysable compounds (mgCOD/L)

Oxygen uptake rate from X
Xs2

X - Aerobe XH—Aerobe + XSZ

@

= kH‘max—Aerobe J% XHAAerabe

Where,

Kt e tmaerate. Maximum specific degradation rate of Xizuerne (43Y™), Ky.terate: Dimensionless half-saturation coefficient of
Xttterobe (2, Xt.erowe: Heterotrophic biomass fraction in the activated shudge (mgCOD/L), Xs: Slowly hydrolysable compounds
(mgCOD/L)

Table2 List of kinetic parameters and state variables for fraction of X, and X5 in ththe activated sludge

Anaerobic condition Aerobic condition
Maximum specific degradation rate (ke7,:) 1.5day" ©, 0.18 day™ ® 0.83 day” ©
Dimensioniess half-saturation coefficient (Kx) 0.035-®,0035-® 0.035-©
Initial slowly degradable substrate in the X of  21% in the activated X0 of 20% in the activated
activated sludge sludge® studge®?
Biomass in the sludge (X anaerpe XHgerobe(0)) Xt ameroe Of 1.4% in the seed Xt aerove Of 53% in the activated
shudge® shudge®

Remark:

(a) Parameters for Xy, and Ky of X7 snienoe: Determined by curve fitting in the anaerobic respirograms.

(b) Parameters for Kz and Ky of Xy 400 in the anaerobic condition: Determined by curve fitting from the batch test without
addition of seed sludge and anaerobic respirograms.

(c) Parameters for kg e and Ky of X7 4.n. in the acrobic condition: determined by curve fitting in the aerobic respirograms.

(d) Initial substrate concentration (Xsyo) and Xy): Calculated by corresponding area in the graph region, assuming yield
coefficient of 0.08 mgCOD/mgCOD in the anaerobic condition and 0.67 mgCOD/mgCOD in the aerobic condition
(Batstone ef al., 2002; Henze et al., 2000)

(€) Anaerobic biomass in the seed sludge (Xp.umersa0y): Calculated from the operating condition of the plant (SRT = 60 days)
where the seed sludge was collected, by applying Equation (5) with assuming yield coefficient (Yg.nertic) Of 0.08
mgCOD/mgQOOD, fi, of 0.2 mgCOD/mgCOD and decay (Pir.4nense) Of 0.04 day” in the anaerobic condition (Batstone e
al., 2002). In the equation, it was approximated that most of X, had been consumed due to long sludge retention time of 60
days.

(©) Acrobic biomass in the activated sludge (Xrr.4ene0)): Calculated from the area of X, in the graphs of respirogram (Henze et
al., 2000).

. k_ys1 - SRT 1
X —Anaero = Y — Anaerobic * 1 - N Bl &) Bl X . +X —_— 5
H-Anaerobe = L H_ Anaerob {( fx) (l T hm «SRT) 51(0) sz(o)} 1+ by s, SRT 5)

Remark: Assumed CSTR for the digestion tank and most degradation of X, fraction. in the system.
Where,

S Inert fraction in Xs; (0.2 mgCOD/mgCOD), k-ys;: Specific degradation rate of Xs; fraction (0.21 day"), SRT = Sludge
retention time in the anaerobic tank where the seed sludge was collected (60 day), Y. imemsic: Yield of hydrolyzing biomass in
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anaerobic condition (0.08 mgCOD/mCOD), X3, guerote: Hydrolyzing biomass in the seed studge (mgCOD/L), Xsi(py: Initial X5,
fraction in the activated shidge (mgCOD/L), Xy: Initial X, fraction in the activated studge (mgCOD/L)
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Figure 8  Simulation for acrobic and anaerobic respirograms
(A: Aerobic condition, B-F* Anaerobic condition)
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FEIZBBO DAY Kianawse) & EHFROCABHLERY ) TEEITES, 20L&, EFREOHE
BB 2L, EOTHREIND, T, HERZLRA TERS TV AL RETD &, X K
& X, TRERIE(DERB) TROOND, Xyanense B OET, TR LZRG)DEY TH D,

INGEL LI, SR OIREERE L UREBR AR U2 LI BIT A 1RO EM & EilES:
Figure 9 IZHBR LTr, EBEOWLRILZ, FEHEBRFICES SN 550 R ERYOLEOSF LD T
WIAEL | TEEER P OAY SR ATRE S 1E. 60 HD SRT TiE & A FILEIN T A Lo L Hlrah 3,
FHEOMRIER L0 3%ELEVMEICET Y, ERHEBRTROEHE/T A—FIREOT ot 2
B EE BB TE T,

Observed sludge digestion efficiency in theplant = 1 - [XS i X; - dnacrcte ¥ X ] )
c-Ds
X = —_..__1—._ X ’
S1 1+ k_XS-l K SRT S1(0) (7)
XI = (){C—As - XS](O) - XSZ(O))+ fX 1= —1_ ) XS](O) + fX . bH—Anaerobe -SRT - XH—Anaerobe (8)
1+4 gz -SRT

Where,

¥ anaerobe: Anacrobic decay of hydrolyzing biomass Xi_ s (0.04 day™), fir: Inert fraction in Xz (0.20 mgCOD/mgCOD),
k-xs;: Specific degradation rate of Xy, fiaction (0.21 day™), SRT = Sludge retention time in the anaerobic tank where the seed
shidge was collected (60 day), Yzranaenic: Yield of hydrolyzing biomass in anaerobic condition (0.08 mgCOD/mgCOD), X5
Fed activated sludge concentration (composite, mgCOD/L), Xcps: Digested sludge concentration (composite, mgCOD/L), X:
Biologically inert solids (mgCOD/L), X7 4merone: Hydrolyzing biomass in the digestion tank for seed sludge (mgCOD/L), X;:
Xs; fraction in the digestion tank (ngCOD/L), Xgyqy: Initial X, fraction in the activated studge (mgCOD/L), Xsxgy: Initial X,
fraction in the activated studge (ingCOD/L)
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Figure 9 Comparison of state variables of the activated sludge and observed sludge digestion efficiency in the plant.
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34 ASM & ADMI1 O#t&
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Figure 10 A bridge to meet ASM with ADM1 for solid degradation stage in the anaerobic condition
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