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Nitrogen/phoshorus recovery and digestibility improvement in anaerobic digestion
of sewage sludge
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This study evaluated super-high solids anaerobic digestion fed with sewage
sludge of 10-20% total solids (TS), and attempted efficient nitrogen and phosphorus recovery from
sewage sludge. Laboratory anaerobic digesters performed well at the hydraulic retention time (HRT)
of 20 or 30 days, and showed approximate VS destruction of >50% and gas production of 0.5 NL/gVS.

At 15% TS or higher, ammonia stripping was combined for ammonia removal and recovery. The stripping
device showed average ammonia recovery of 4.6-16.8 mgN from g influent TS or approximately 40% from
influent nitrogen as the highest. The results indicated that methane production is possible up to

the influent TS of about 20%, and the side-stream configuration is superior for ammonia recovery.

High viscosity and deteriorated dewaterability of digested sludge pose a problem for operation,

transport and further processing.

anaerobic digestion sewage sludge nitrogen recovery phosphorus recovery ammonia stripping



5%TS
10%TS
4,000mg/L
10
20%TS
1)
1)
1
5%TS 10%TS
pH
60
6
300
MAP
3)
EFLL e LDER EFE FIRTAR 4
ThERELS: fﬁ@m:s:aegkwwz] - )
TR IREANE | - RETRRED FlA
(-2 \EEENESRICEY an s
Thmag | onoeah oA S
T ngriE | SR BT SER
e :ﬁ)\T?}U‘/: [ﬁnﬁmg;-ﬁ;ﬁ@sﬁpaﬂ Elllz2Eg ool Whites)
Brtoe WoRASoinBicRY ] weuma 2FePO4+4S2— 2FeSy+2P04> @
Fey(PO,),(s)+3S% — 3FeS(s)+2PO,>  (2)
1)
Fes(PO4)2+3S2— 3FeS+2P04> (3)
ﬁAEj\_S‘j.S ﬁfﬁ:?ﬁ%y—P/E(zof)
| X80 10. 3| [ AR 28. 2| 87 17.0|
I
FaAGE EE K _
5.5
! }
FAGE TR ﬂétlﬂﬂdél |&i%|
0.6 1.3 3.6
1)




10%TS

(1)
1 2 1
TS
3 2 TS 10%
5,000g 10 15 20%
TS 0.5
0.8% KP1200B
35
2
2.0 L
E5CSV
100W
35 Z-1300
EYELA 10rpm
HRT 20 30
1 1
3cm
WS-1A
1
(3)
TS15 20%
1 1

Ui - 82—

Al
-» >
AY
@
> > >
(b)

-z
ARk

I7-
7

AkUweahs L Al R A REBETRUD AEE  BEER

ﬁ~E|
|i9w~ T: S
2
HLL H

Ir—
H#od

nBEE

A HEER A BB



1,000mL

300mL CO2
250mL 1 mol/L
50 mL 500
mL 2 mol/LL 100 mL
DTC-21 ULVAC
80
pH 9 12 L/
500 700 mL 2
3
(4)
TS VS SS
VSS pH
Standard
Methods ® 15 000
rpm 30 0.45 pm
AO045A047A
pH4.8 M-
S-CODcr

DR/4000U HACH
Closed Reflux Colorimetric Method
Standard Methods 5220D

AmVer HACH1295
Parapak Q
Ar TCD
GC-9A
VFA pH
LC-10A
(1)
1
0.001 L/g
(4) 7
SRR ()= e 100 (4
’ w= £;(1 - 0.001C,) - )
i (g/L) ¢, (g/L)
TS10% HRT20
4.0 gVS/L- 5.2 gVS/L-
1,750 3,270 mg/L
VS
50% 0.5
NL/gVS

(2

VS (g/L)

4000

mo/L,

£ 3000

T
i)

2000

NH5-N

1000

TS10%

(2014)®

VS

62 T75%

0 20 40 60 80

TS 10%

TS 15%



- —"7 v
D)C’J 100
@ ._.__._._.-l—.—.-—H—.—-—--l—"'—'
50 VS %
—_— -
0 ,
8
S6 VS
£ M
4
2

0] T T T T T
.5
<
24
33 15%
I
zZ 2
1
0

0 20 40 60 80 100
http://www.mlit.go.jp/mizukokudo/se
TS 20% werage/crd_sewerage_tk_000124.html.
2014 10 17

200
150
210 Leaea AT 37 (139) 615
0 2013.
50 T-.ﬁ.—.-ﬂ-.--l-IA#T
0 —— ——
' 8(1) 40-43 2009.
Js
I e e
G 48 _467-473 2011.
2 M. Takashima et al.: Complete
0 anaerobic digestion of activated sludge
g 5 by combining membrane separation and
54 alkaline heat post-treatment, Wat. Sci.
T3 goaatatg S 5.t Technol., 34 (5-6), 477-481, 1996.
=, APHA, AWWA and WEF: Standard
1 methods, 2000.
o Koch, K., Wichem, M., Liibken, M. and

0 20 40 60 80 100 Horn, H. : Mono fermentation of grass
silage by means of loop reactors, Biores.
TS 15% Technol., Vol. 100, 5934-5940, 2009.
No. 1 9 B 1 G  Vol70 No.7
IIL_433-II1 440 2014
TS (%) 9.7 14.1 18.7 14.4
HRT (day) 20 30 30 30
\E (gVS/L-d) 4.0 4.0 5.2 4.0
VS (%) 53.4 56.5 53.8 60.6
(NL/gVS) 0.483 0.506 0.470 0.521
NH; (mgN/L) 1,750 2,690 3,270 3,100
PO4 (mgP/L) 277 470 648 517
___________ Pas) | 36 | 60 | 825 | 18 M. Takashima: Enhanced Phosphate
e Release from Anaerobically Digested
® - 70 570 - Sludge Thrqugh Sulfate. R‘eductlon
(hours) _ 9 9 3 Waste and Biomass Valorization,
10M NaOH (mL) - 2.0 5.9 7.5 , 1-7, 2018. DOI 10.1007/s12649-
NHs (%) - 61.7 74.9 - 018-0349-7
NH; (%) - 66.3 79.4 -
NH3 (mgN/g TS) - 12.6 16.8 4.6




M. Takashima: Effects of thermal
pretreatment and trace metal
supplementation on high-rate
thermophilic anaerobic digestion of
municipal sludge, J. Env. Eng., ASCE,
, 144, 2018. https:/doi.org/
10.1061/(ASCE)EE.1943-7870.0001340

TS 17 21%
G 73(7)  _475-
482 2017.

G 72(7)
_117- 124 2016.

46 89-94 2016.

Vol. 39 No. 150
60-64 2016.
M. Takashima and Y. Tanaka, Acidic
thermal post-treatment for enhancing
anaerobic digestion of sewage sludge, J.
Environmental Chemical Engineering,
, 2, 773-779, 2014.

44
107-112 2014.

M. Takashima and N. Nakao: High-
solids anaerobic digestion of sewage
sludge and ammonia removal/recovery
by stripping, The 15th IWA World
Conference on Anaerobic Digestion,
Beijing, China, 17-20 Oct., 2017.

M. Takashima, N. Nakao: Super-high
solids municipal anaerobic digestion
combined with ammonia stripping, The
2nd International Resource Recovery
Conference, New York, USA, Aug. 5-9,
2017.

35

2016
M. Takashima: Effect of solids concen-
tration and pretreatment on anaerobic
digestion of sewage sludge, 6th
IWA-ASPIRE Conference and
Exhibition, Beijing, China, 20-24 Sep.,
2015.

¢y

@

®

*

TAKASHIMA, Masanobu



