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Table 1 Properties of raw sludge and digested
sludge.
Raw Sludge .
(Live stock excreta) Digested Sludge
TS 50.0 [g/l] 30.0 [g/i]

BOD; 50.0 {g/] —
(Supernatant) (26.5) [g/l] -

COD 20.5 (e/l —
(Supernatant) ( 8.5) [g/l] —
Volatile Acid Content

Ace. Conc. 2.5 [g/l] 0.5 [g/l]

Pro. Conc. 0.8 [g/l] < 0.1 [g/f)

Bu. Conc. 0.8 [g/l] < 0.1 [g/l]
Element Analysis

C 41.78 [%] 33.7 [%]

H 5.58 [%] 4.23 [%]

N 4.96 (%] 3.67 (%]

Ash 20.0 (%] 37.9 (%]

0.93~1.0 [l-gas/l-day]

Gas Production Rate 0.60~0.66 (1 CH,/i-day]
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Fig. 1 Schematic diagram of digester.
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Fig. 2 Batch-type digester.
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Table 2 Conversion of VS under various raw
sludge loading.

Initial Raw .
Run Number Sludge VS Degraded VS | VS Conversion

L&/} [g/l] =]
Run 1 5.8 3.5 0.60
Run 5 5.25 3.5 0.67
Run 6 11.25 6.5 0.58
Run 7 23.0 12.0 0.52
Average é 0.59

Table 3 Conversion of VS in raw sludge to
volatile fatty acid.

Initial Raw Accumulated | Acid Conversion
Run Number Sludge VS Acid Conec. |[Acid Conc./
Lg/l] [g/l] Initial VS]
Run 1 5.8 2.6 0.45
Run 2 12.1 6.0 0.50
Run 3 15.5 6.5 0.42
Run 4 26.0 9.0 0.35
Average 0.43
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Fig. 3 Batchwise anaerobic digestion of raw sludge.

T
—20
\o
= i
18 <
O~ o o
~ 5k [
I _ w
50 160
T 4
[EE] [ee]
O o e O
'}
o (o] [e]
E r
.g Key | Observed Vales
> o o O | Acetic  Acid
w5 2k A | Propionic Acid
w D | Butyric Acid
oo ® | vs
A | Total Gas
o AcA~A—A—A—A_A A
LA
o 1 1
Q 2 4 5 8 10

Time Cday]

Fig. 4 Acid concentration accumulated in acid
production phase.
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Fig. 5 Methane production from acetic acid.
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Fig. 8 Production rate of methane vs. initial
acid concentration.
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Table 4 Degradation rates of acetic, propionic
and butyric acids.

0.296-E+Caco

Acetic Acid:  Rpce= 1735 Cans [d/l-day] - 18)

Propionic Acid : RP’O_O‘;LQSSE%E [g/l-day] oot (19)

Butyric Acid:  Rga= Oi((’)'fcc”“ L/l -day ] wrererreee -
R'gy= oszgsf CC"“ [g/l-day] < weereers (20-1)
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BohlfEEEL AV, X @), A0)~12), 18)~
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T Rs(Csi) +Glaigester=21.4g-VS/l & L7z,
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Table 5 Flow chart for analysis of VS conversion and degradation

rates of raw sludge to volatile fatty acids.
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g-VS/l & F\v T BN FEEE1T - 128 0 AR o 5582
BRIz X% BEZRL (MOoTE, VS BYERLUE
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T L7z,
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MEZZEAEMED LTKbL, Table § o FHHETE
JRIzE, X A0)~12) BIU, 16y, A7) X bk
D7 BB VS RO BY O BIELE 4Sac.
G A0 B, X[Rs(Cs)+Yacesi] DFEME), Frt
* VRN 4Spro (R (1D W, TIRs(Cs)* Yerossil
OFESE) , BERECE 458, G (12) 1, T[Rs(Cs)
Yeusil OFEME), £ERBERE 45400, TTICRK
(A3) L oskpiREA ¥ B Vem DOHEETHS.

B () AoRER, FBERTEIZRET 5 5BElk
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POAREEIAE, FilR 63~75%, Fu At L@ 17~
289, WEMRB~11% LZEBHL 7208, FEEHK TG ClIEERR
65%, 7wk B 27%, BEEE 8% CHARREREEO &
ZMAEERTH Y, Ko7 e ©F U, BEBROETH
iz B Sbhd L 912, 4Sacia DEERIE VS oE
e I <—BLTW5. KRBT
il 5 £EFEEELE o HEE I
0.76 g-Acid/g-VS £ 729, Table 2,
3 19k wohs EHERRELE

Change of acid concentration
Cace=fi(t), Crro=t2(t), CBu=f3t)

First order estimation
XA . o¥Pr _g...
L B AL

k1 E-41(T)

Tnitial congition

T=0 ; X5=XA =XPr =1
ASacid =VeH, = O
ASAce zASPro=ASBs =0

YES Yeuis )

Calcutation of eqgs.(8)~(12},(16)~(20)
Race-¥a- Keatr (1) ~-(18), RpPro---(19), RBu --- (20}

Z(Rs(Csi)Yacersi) =‘%@‘Rne—Rm Yaceru-Rero YacerPro (10}

ERs(Cs)¥Prosi) -011) . E(Rs(Cs)-Yoursil12)

4 Sace= ELRS(CSI) Yace5i)-aT, §Spro, §SBu

$Sacid= §Sace » dSPro « $5Bu

§¥s - SRs(Csi)aT/IZRs(Cs)8) loigester (93

§¥a = (Race.Reu)-aT/HCAcet CBut -Cace-CBu
JZRs(Csi)}B-(Vace/SinYBursil) kigester - (16)

SVCH, = TRAce-YCH, Iace RPro¥CH Pro « RBUNCH4 /BUTAT . .013)

cee (8)

S0

TA) ASace = ASace. §Sace
Calculation of eqs.(8)-(12) ASacid = ASucids $Sacig
1620 XS . Xs .6Xs
QSA;dAéﬁceASPm,ASBu,XS, XA - Xa M Sxa
N‘; = XpPr = Xpr.dXpr
< el Yackis=Vacias bigester E* . E xXs
(Yacers, YProlS, T = T .47

0.73 g-Acid/g-VS 213 —8& L7-.

Table 2 27 Lo £ H BHAT © %
iz > T, Fig. 1 LREIEO@EIT &
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HERRAVER 12, Yacia,s=0.52~0.76
g-Acid/g-VS, Yace.s=0.4~0.5g-
Ace/g-VS, Ypro,s=0.04~0.2 g-Pro/
g-VS, Ygus=<0.06g-Bu/g-VS ¢%

>7z.

Evaluation of yield
coefficients

Yacid/S =ASAcidliaVs
YAce/5 =aSAcelAVs
YPro 1S =ASProf AVs
YBu /S =ASBu/ &V

|
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0=T< 3.0; Cae=1.702+2.150 T--1.960 T"*-+0.59497 —0.064 75 T**
3.0=T=10.05 Cpo=5.327—-2.252 T+0.378 35 T*—0.028 895 T

+8.284 %10~ T*
10.0<T 3 Cace=0.0

0=T< 3.6; Cp,o=0.387+0.3437T—-0.2x10~* T*—0.0402 T°*

+0.561x 1072 T*

3.6=T=10.0; Cp;o=—0.32640.953 T-0.273 38 T%+0.027 593 T°°

—0.9417x107° T*

10.0<T 3 Cpro=0.0
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Fig. 11 Estimation of VS conversion of raw sludge

to various volatile acids in acid production
phase.
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Table 6 Degradation rates of raw sludge.

For fast degradation compornent S,
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Table 7 Values used in simulation of batch

. digestion.
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RPro(CPro)'ﬁ"digesLer= 4.3 [g/l]
Rpu(Cpu) « Flaigesier= 2.0 [g/2]
YoHuace =0.94 [mol/mol}
Yenupro =0.9x7/4 [mol/mol]
Y'cHuBy =1.5 [mol/mol]
Yacoy =1.0 [mol/mol]
Yacerpro =0 [mol/mol}
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B o B mESMOEIE3I3E 0.3 L#E Sh3
%5, Table 1 jZ7R U7z &7BIR (B L% LBRK
OK¥ERLSY) @ BOD W, COD Bk v/h&<, YV 22

BRANCHRICE T 2 20 TS SICRR AL E T
b5
(5) B—EBELUVERROAIVHEBOEER

Figs. 13, 14, 15 (= S 4 W9 REES ¥ 2B AOE N
BEBER LU 2 7 L RERBICHTZEMEYL, X (10
~13), )~ 20 1z L B EME L BB LR L. &
BicBuw/F— 4% Table T 2L 7z.

Pig. 13 3EEZ LB L LB AORET, MPo—
BRI B o R AR R (16) 2B nT Xa=
L.O) LIZBROHBRETHS. 72 MhoE#IL,
K U6) K-> THEELEE L IERTHD. A7
BAERPIBEEN L VETERSEHRNDH 228, WA
EEBTH LIV ERMBELAEMTLIY I—FL
7z,

Fig. 14 13, et v BEEEL LBE0ORRT
b5, HROERE, HHErEERL, EBR~0 H{ke
Yacepro=0.0 & L7236, S4BT Yacepro=1.0 &
LIcBAOBERERETH B, Er—a8E, e E
L, Yacepro=0.0 &L LI-HEKRTHS. Hbb
PBESE, Yacerro=0 &L, HHBIEETLZ L
LY, et BOBEROHEMIIEIMEL X
9 28T 58, Yacerro=1 TRHERMTIAEHEE
i ERMEIC R TIERICREVWEL 225729 Yace Pro
=0 LEEEgIc AT I LN TES. LALARRES, A
FUBERE A Y CREVERBERLY VBB EAIC

Initiat Acid Conc.(ObservedValues

Calcul ated Values

10.6 Cg/t3 o A

growth

5.0 Cg/il [ ] A

———  no growth

Cg/la

Cacid

E=15.5 £g-¥5/11

Time Cdayd

Time Cday 1

Cl-cH, /12

VeH,

Fig. 13 Comparison of experimental values with
calculated results (Acetic acid).
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Fig. 14 Comparison of experimental values with
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Fig. 15 Comparison of experimental values with
calculated results (Butyric acid).
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Fig. 16 Comparison of experimental values with
calculated results (Acid mixtures).
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Appendix

X 16) DFEERE

Cx
X 2 SO POOP R PPPPP 2-1
A CXA]digester ¢ )
dXA - 1 . dCXA
dt - CXAIdigester dt
1
pxarCup reeeerenes (2-2)

CXA{digester

.UXA‘CXA: [RAce(CAce) +RBu (CBu) ] . YXA/Acid
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ZZC Yxasaea &, BilR, FEERH HERR - BAESME Xa ~OR(EETHD.
CXAIdigester:[ﬂXA'CXA'g]digester: {YXA/Acid'[RAce(CAce> +RBu (CBu) '5} |digester """""""""" (2“4)
£ (2-3) BIUR @4 2R QD ~RATBERAL 25,

dXa

YXAIAcid‘ [RAce (CAce> +RBu (CBu) ]

dt = {YXAIACid'[RAce(CAce> +RBu (CBu)]'ﬂ_}ldigester

22T {[Race(Cace) + Rpu(Cow) 1-0Haigesier (XBIHERPIC 31T HEHERS X UBBOMERETH Y, X @6 T

Kbahs.
{TRAce(Cace) + Rpu(Cru) ]} laigester
=[Chacesr+CBus~Cace—Cru+8+ T (Y acessi+ Yussi) + Rs(Csi) Jldigester -rrmrrerremmerseesesaess (2-6)
X (2-6) 3k (2-5) ~fEATBER (16) 2185,
dXa _ Race(Cace) + Rpu Cow) (16)
dt  [Chacer+Coas—Cace—Chu+0-T(YacesitYauws) Rs(Csi)Ildigester
X (D oBHEEE '
Cxp.
XPr:_C;;]dXi—;;? ............................................................................................................ 3-D
ddtir _ thldligester . di};w L oo pixpys Citpp woveessenmssesises s 3-2)
205+ Cpe==Rpro(Cpro)™ Y Xpp/brorssssressssesseessrsesssrssto sttt (3-3)
CXPrfdigester= Luxe,- CXPr 'g:“digester = {YXPr/PTO' [RPro (Cpro) ] ‘5} ]digester """""""""""""""""" 3-4
£ 3-3), 3-4) B G2 tfRATH LK G-D) Lid.
dXpr _ Vipeprot Rero(CPro) | it (3-5)
dt {YXPr/PPO'[RPro (CPro)]'e}!digester

I:RPro(CPro> 'mdigester %i?aﬂl%ﬁl*l LC% bj' %) 7u =] tej_ V@(ﬁ%%f&) D 3 it (3_6) VG%}’) é h’;{) .
[RPro(CPro) '5]|digester: [CProf_CPro +0- Z YPrO/Si'RS(CSi> :Hdigester """""""""""""""""""" (3-6)
# (3-5), (3-6) LY U7 &HD.

dXPr

RPrp<CPro)

dt - [CProf’_‘CPra +g' ZYPrO/Si'RS<CSi) ]ldigester

Nomenclature

C : Concentration Lg/l]
E : Concentration of digested sludge Te/l]
Ex* : Concentration of digested sludge

calculated by eq. (9 [g/]
f : VS conversion of biodegradable

organic matter [g/g]
ki : Rate constant [1/day]
Ko : Saturation constant [g/]
R : Degradation rate [g/l-day]
Rp : Death rate (g/l-day]
T : Digestion time [day]
Veus : Volume of methane produced [{-CH,/]
Veludge : Volume of liquid in batch-type

XSICXS/CXsldigester
XA:‘CXA/CXA|digester
Xpr= CXPI/CXPrldigester

Y=Cs,/Cs

YAcid/S

digester

: Yield coefficient for formation of

............................................................ an

acid from S [g/g]
Yacers : Yield coefficient for formation of

acetic acid from S [g/g]
Y acesnu : Yield coefficient for formation of

acetic acid from butyric acid [g/g]
Y acespro: Yield coefficient for formation of

acetic acid from propionic acid lg/g]
Ygu,s : Yield coefficient for formation of

butyric acid from S [g/g]
Ycuaace: Yield coefficient for formation of

CH, from acetic acid [mol/mol]
Y/cua et Yield coefficient for formation of

CH, from butyric acid defined

by eq. (5) [mol/mol]
Y’ cuaspro: Yield coefficient for formation of

CH. from propionic acid defined

by eq. (4) {mol/mol]
Yuss ¢ Yield coefficient for formation of

H, from S [g/g]
Ypross ¢ Yield coefficient for formation of

propionic acid from S [g/g]
Yxs,s ¢ Yield coefficient for formation of



Xs from S [e/g]
Ycows :Yield coefficient for formation of
CO, from S [g/g]
Ycosace: Yield coefficient for formation of
CO, from acetic acid {mol/mol]
Ycospro: Yield coefficient for formation of
CO, from propionic acid [mol/mol]
Ycozpu * Yield coefficient for formation of
CO, from butyric acid [mol/mol ]
Yx,ace : Yield coefficient for formation of
X from acetic acid [g/g]
Yxpueu @ Yield coefficient for formation of
Xgu from butyric acid [g/g]
Y xp/acia : Yield coefficient for formation of
Xa from acetic and butyric acid [g/g]
Y xp./pro t Yield coefficient for formation of
Xp: from propionic acid [g/g]
4Sacia  : VS conversion of S to total acid [g/l]
48ace VS conversion of-S to acetic acid [g/]
4SBy : VS conversion of S to butyric acid [g/l]
4Spro : VS conversion of S to propionic
acid [g/l]
) : Hydraulic residence time [day]
I : Specific growth rate [1/day]
Subscript
Ace : Acetic acid
Bu : Butyric acid
CH, : Methane
Pro : Propionic acid
S : Biodegradable organic matter
S, : Fast degradation compornent of S
S, : Slowly degradation compornent of S
Xs : Acid formers
X : Methane formers (acetic acid consumers)
Xa : Methane formers (acetic and butyric
acid consumers)
Xpr : Methane formers (propionic acid
consumers)
XBu : Methane formers (butyric acid
consumers)
|digester : Compornent of continuous digester
¥ : compornent of feed sludge
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