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Operation of High Performance Elutriation-Type Sludge Fermenter and Feasibility for
Its Application
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ABSTRACT : The performance of a novel fermentation process, adopting a sludge blanket type configuration for higher hydrolysis/acido-
genesis of the municipal primary sludge, was investigated under batch and semi-continuous conditions with various pH and temperature
conditions. This acid elutriation slurry reactor provided higher system performance with a short HRT (5 days) and higher acidogenic
effluent quality under pH 9 and thermophilic (55°C) conditions. The hydrolysis of the sludge was revealed to be significantly dependent
on seasonal effects for sludge characteristics but with little impact on acidogenesis. Based on the rainy season at the optimum conditions,
VFA production and recovery fraction (VFAcopn/COD) were 0.18 g VFAcop g'l VSScop and 63%. As byproducts, nitrogen and phosphorus
releasing were 0.006 g N g' VSScop and 0.003 g P g VSScon, respectively. For the mass balance in a full- scale plant (Q = 158,880 m
day ) based on the rainy season, the VFA and non-VFA (as COD) productlon were 3,110 kg VFAcop day and 1,800 kg COD day s
resulting in an increase of organics of 31 mg COD L' and 20 mg VFAcop L and nutrients of 0.7 mg N L and 03 mg P L' in the
influent sewage. The economical benefit from this process application was estimated to be about $67 per 1,000 m® of sewage except for
energy requirements and also, bettér benefits can be expected during the dry season. Also, the results revealed that the process has
various additional advantages such as pathogen-free stabilized solids production, excellent solids control and economical benefits.
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Fig. 1. Reactor setup for semi-continuous fermentation.
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sludge
C H 0 N COD | VSS
Sludge /VSS | /TSS
) g) %
. Rainy |50 131754|3526| 6.87| 145 |61+32
This ! Season
WD Primary D
researc Y 151.92]7.84|33.67|6.57] 1.56 |70+3.7
Season
USA? Primary 5971951239170} 199 -
Sccondary | 53.1]62[283]124] 142 ] -

Note : 1) number of sample (n) = 14; 2) Rittman and McCarty
(2000)
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Fig. 3. Accumulated SCOD elutriation versus time in batch
system.

Table 2. Performance for initial 5 days in batch system

VFAcon/| SCODY | VFAcon/
SCOD VSScon| VSScon

FormatelAcetatelPropionatoButyrate ValeratdLactatel (%) | (g g")| (g ")
20 nd [ 10| 04 | 03 | 01 |nd | 974 | 040 | 039
35| nd | 10| 1.0 | 02 | 04 |nd | 926 | 043 040
55| nd | 10| 07 | 01 | 04 |nd | 731 | 0.60 | 044

Note : n.d., not detected
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Fig. 4. Hydrolysis/acidogenesis in semi-continuous system (SRT = 5 days).

7FrEHE g COD of VSS solubilized/g VSS (as COD)
in the substrate/day
A& : g COD of all measured organic acids/g solu-

ble COD total/day

: g Nor P of VSS solubilized/g VSS (as COD)
in the substrate/day

off
0‘2
[
oo
i
ftio

i
e
1
i)
h

ox,
Ny o v
rlo

r
r~1m

ne wEzd Z97 7
o A dehbe 2

HLA o FZANN
A9 §4 B A
A 2gse ww 4

Hir ol

rfo

fr o L2
ofk

o + o
oF, [ Ho

o,

}_

:(I)L

o

rlo
w3 o

RO
fo X Iy
e}
o
i)

QL
2
H
&)

off wY 1o ok ¥
ox o to Az

Jim

ol

N

&

M

§‘=‘

<y

B

1=
FO‘I
«SE 28
R
W e
g
e
of &
o
(o
ne
>
B = )
T

ri
2
R=h
i)
)
B
oy
9
o
iih)
X
]/
e
38
5
Y
N
fo
od
—o
L
I

! 01 Hydrolysis
2 (A) Dry Season :(B) Rainy season B Acidogenesis

o
o ©
T T
&8 i
% O 1 Mesophilic Thermophilic
> o I
T & 015
o I
a Q
&) [}
8 = i
pe % 0.10 |
g B
2 8 005 ‘N
28 |
22 !
2 3 000
2
0.006
W oN WP
0
2
.gé; 0.004
2>
7
3o
% & 0.002
x5
z
2 |
0.000 e B I
meso-  thermo- pH7 pHE  pH11 pH7 pH9  pH11

pHE6 pHE6
Fig. 5. Hydrolysis/acidogenesis rate and nutrient releasing rate
in semi-continuous system (SRT = 5 days).

Table 3. Relative acid composition ratio in the semi-continuous
system (SRT = 5 days)

Temp.Designated| Relative acid composition ratio (g/g Acetate)
(C) PH  |Formate|Acetate|Propionate Butyrate| Valerate|Lactate
6.6* nd. 1.0 1.63 025 | nd. | nd

35 7 n.d. 1.0 0.50 0.32 n.d. n.d.
9 nd. | 1.0 0.37 028 | nd | nd

11 0.01 | 1.0 0.40 035 | nd | nd

6.6* nd. | 1.0 1.24 021 | 0.08 | nd.

7 nd. | 1.0 0.20 0.14 | nd. | 0.08

3 9 nd. | 1.0 023 0.16 | nd. | 0.01

11 002 | 1.0 035 024 | nd | nd

Note : n.d., not detected; *, uncontrolled pH condition
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Table 4. Comparison of hydrolysis/acidogenesis of municipal sludge

VFA or COD Production N-release P-release
Temp | HRT TS VS
©) |(day) pH % | rs (gVFAcop | (g SCOD |(g VFAcop| VFAcon/ | (& N gP Reference
- - R -i -1
2" VSScon)|g' VSScop)|g' VS fed)|SCOD(%)|g" VSScon) [g” VSScon)
20 | 5 | - |[1~4%VS| - |007~0.11 - - 7277 ] - Lilly et al.”
14~232~6| - |043~32] - - - 0.05~0.2 - |(0.05~0.14)| (0.06 ~0.09) | Skalsky & Daigger™
18~28 6 | - [049~56{ - |0.05~0.11 - - - 10.005~0.018/0.002 ~0.008| Banister et al."”™
<20 9 - - - - 0.16 - - - - Hatziconstantinou et al.>®
35 5 6.6 3.8 0.67 0.02* 0.07 0.04 28.2 0.019 0.005 This research (Dry season)
35 | 5 |66 38 |067] 017 0.34 0.15 49.6 0.025 0.006
35 S 7 29 0.59 n.a* 0.06 na n.a 0.006 0.008 This research (Rainy season)
9 29 [059] 013 0.17 0.18 75.8 0.003 0.002
11 29 059 008 0.32 0.12 252 0.005 0.005
5|5 | 7 29 |059] 0.10 0.18 0.16 58.0 0.009 0.001 |This research (Rainy season)
9 29 |059] 018 0.28 0.32 63.3 0.006 0.003
11 29 [059] 006 041 0.11 14.5 0.004 0.004
Note : * methane production was observed; n.a., not available; ( ), based on VFA instead of VSSCOD
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YPAE Adstie F BHE&E E0l9 41~M% FER
dgd €A AdFe BAed, o F& H a9
=21 BF A I ol Ed gz &3

rﬁ‘: flo
= |
off Ho oft

£ FEEHE FEE F s AL gudn.
A7NES daz2HE F23HE FFELSS)EES
2

B 129 F9 77 50~470 mg SS L']9—} 124 ~580
o] Wog fAEY.
34 MR0Me SE X L H[EHI}

1de £8A wazxe HENSHE AR 94
158,880 m’ day'e] APYLFL 7 AFE FLHAFL
fdez BASLAE 9890 2 N12L s5Hgd 1
A& B0 v @I ANz AF
S5Ed, 3 A7 Table 5o YehA Atk o Al7lel F
< oy S5AEEdY gF FYEEE BOD 128 mg L7,
COD 240 mg L', SS 105 mg L, N 302 mg L' z2g=
P 29 mg Lotk oln 14&#A dAZE FF 760
m’/day (4.7 m® 1,000 m™ of sewage)o|oH, £ AFE
FE9 VSEEL 47 238 g L' 9 65%0) %tk

=% FYssUl #7140 FFe AAHe oF 5 mg
L' ol5te] e %2 Fe BT
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Table 5914 Role ZXE pH 119 1 waxrst 713
22 SCODE A4d 4 e ALZ Yeguo), {714t
AR EHAME pH 99 ] ARFIYT &8A LH
z9] FF gFZAFAA BEL FIEZLS F 4920 kg
COD day'eZ, o]t 13284 1| m’ 3 COD J4F <
6.5 kgoll sNgahe ook EF {714 2 HlR7]2Hnon-
VFA) M Zb2} oF 3,110 kg VFAcop day”' 2 1,800 kg
COD day'Z, o)== 1x&8A 1 m* F 4.1 kg® VFAcop
9} 24 kge non-VFAcopoll d133t. 23 A5 EEXR
9 &4 mEtd AE¥EzE $YHE 945 RBCOD
9] A& ok 31 mg COD L' o4 &4° Foy, o]F
VFAsEEE 20 mg VFA (as COD) L' o] Z718 Ao
2 e REPNEEA HAPE 994 83 9@
£ 349 $2¥8= 07 mg NL' 2 03 mg P L'2
g Ao.2 JEkTh

Table 5. Mass balance of fermenter in full-scale MWWTP
(based on rainy season, Q = 158,880 m’ day™)

Temperature  (C) 35 55
Designated pH 9 11 9 11
COD production(kg COD day™) 2,965| 5,488| 4,916| 7,154
(kg COD m” sewage) | 0.019| 0.035| 0.031| 0.045
(kg COD m® PS) 3.90| 722 647| 941
VFAs production(kg COD day'l) 2,247| 1,383| 3,112| 1,037
(kg COD m” sewage) | 0.014| 0.009| 0.020| 0.007
(kg COD m” PS) 296 1.82| 4.09| 136
N-release (kg N day™) s2| 86| 104] 69
(kg N m” sewage)  |0.0003|0.0005|0.0007|0.0004
(ke N m® PS) 0.068| 0.114| 0.140| 0.091
P-release (kg P day") 35 86 52 69
(kg P m” sewage) 0.0002|0.0005(0.0003 [0.0004
(kg P m” PS) 0.045| 0.116| 0.070| 0.092

Note : PS, primary sludge



Table 6. Cost estimation in full-scale plant (based on rainy
season, Q=158,880 m® day")

Temperature (T) 35 55

Designated pH 911191

SCFAs production ~ (Sas HAc - 10° m” scwage) |42.21|27.14/6030|21.11
Non-8CFAs production ($ as M-OH - 10° m” sewage)| 2.82|14.66| 6.20/2143

($asNaOH - 10° m” sewage) |0.012(0.018|0.014] 0019

Alkali requirement

Cost benefits except

for energy requirement ($ - 10° m” sewage) 45.02] 042/66.49| 061

($ - kg' VSScop PS) 41.78| 037]4252) 038

Note : HAc, Acetic acid; M-OH, Methanol; PS, primary sludge; 1%
= 1,000 Korean Won
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Uncontrol pH7 pH9 pH 11
Fig. 6. Alkalinity requirement for designate pH
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FEE2 474 018 g VFACOD/g VSSCOD
9 63.3% of VFAcop/CODo|QoH, BERAEZH AL
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