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Phosphorus Recovery from Sewage and High Efficiency Sludge Dewatering
- Toward the Development of a Self-supporting Phosphorus Recovery Process -

by Takao HAGINO, Daisuke KOGA, & Ryoji TSUKUI

Magnesium ammonium phosphate (MAP) particles are naturally produced in digested sewage sludge and typically discharged with
dewatered sludge cakes during a sludge dewatering process. However, MAP can be reused as a fertilizer or a fertilizer ingredient if it
can be separated and recovered directly from sludgebeing . In this study, two types of tests were conducted to verify the performance of
a novel phosphorus removal process for MAP recovery. One was continuously conducted using a full-scale MAP separation plant
equipped with a vibrating screen, a hydrocyclone, and a revolving cylindrical type flowing film separator. The other was conducted
using a pilot-scale plant combining a MAP separation system and a sludge dewatering system. The test results have shown that the pro-
cess can recover approximately 50% of phosphorus from sewage sludge and significantly improve sludge dewatering performance. It
has also been found that the initial cost of the process may be covered by the reduction in maintenance costs.
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Fig. 1 Flow sheet for the full-scale MAP recovery plant
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Table 1 Conditions of the full-scale MAP separation test

TG IRRE T KBS ALT
Sludge category Anaerobic digested sewage sludge
HMAP 2 079 g/L (FHiR1L4721)
Coarse MAP concentration (per liter of sludge)
TG IR LI 5
Feed flow rate 19.1 m'/h
REY 5 B B E HR) 2 MR : 08 m®
Vibrating screen Effective filtration area
WAk A 7 a > 44 v FH
Hydrocyclone 4-inch

Fz2 MAP 5Bk Bks
Table 2 Results of the full-scale MAP separation test

et HLMAP [
Equipment Recovery rate of coarse MAP
PRE) 5B W .
Vibrating screen 98.5%
k4 20y 07.0%
Hydrocyclone 0%
MGS .
Multi gravity separator 97.1%
PRSI -
Whole system 92.8%
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Fig. 2 Flow sheet for recovery of MAP from digested sludge through the circulation of dewatering filtrate
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Fig. 3 Pilot-scale MAP recovery test plant
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Table 3 Results of the pilot-scale MAP separation test

SRR ] H]
Test period 2012/2/23 ~ 3/22
I H
Days of operation 11d
L IR fi]
Operation hours per day 24 b/d
JLP 3
Feed flow rate 54 m/d
MLPR e pH 82
pH of treated sludge "
WAL e
Digesed sludge 769 mg/L
MAP LB
p Sludge with MAP removed 466 mg/L
© | Bk 125 meL 1401 01/243
Dewatering filtrate g BE ks — 3o
JLBR K Photo Dewatered sludge cake
Treated filtrate 142 mg/L
PRTE o
Phosphorus recovery rate 47.7% =
5. X M
C%i‘f‘.’bu (Acidification) pH18—'5>
end |« /- start BIZETO/8f 0y MNEERFEROFBREZ I, mATK:
1400
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Fig. 5 pH of thickened sludge vs. concentrations of % 154EMEED, BEREAIA L2 LTCER LSO R
dissolved substances
S, DR S, PR
Chemicals, washing water Chemicals, washing water
¢ 027 m¥/d 147 mé/d
54 m¥/d P: 0 mg/L @ P: 0 mg/L
T-P: 769 mg/L
W1k PO,-P: 192 mg/L
174 64 m¥/d
Digestion MAP[ I T-P: 466 mg/L JBEAH 0.31 m*/d
tank MAP recovery apparatus POsP: 7.3 mg/L Dewaterer '
> A —+
ﬁ?}_(’)i‘ﬁ 6.8 and E\ewa;;eArAed calze
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Fig. 6 Mass balance of phosphorus
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Table 4 Estimation of the cost reduction by using the
phosphorus recovery system

(Sewage influent: 100000 t/d scale)

SiH a2 MHRRE |3 R EEAE
I t;,m Rate of cost Amount of
reduction cost reduction
OIFIRILAK T — 5532
Cake disposal costs 20% 33700 /y
@AKLEER ) B S
Chemicals costs for phosphorus 75% 16500 T /y
removal
GBLAKBEA & — Wk et
Costs for dewaterer scale removal 65% 1100°FH /y
it .
Total 51300F /y

Hufili @ IR E 16T /t, WorTFEEsEH] 0 700 /kg, EARAL
121 /kWh, KEEb< 27 437 435% @ 32H /kg

[Unit cost] Cake disposal cost: ¥16000/t, polymer coagulant: ¥700/kg,
power cost: ¥12/kWh, Mg (OH). (35%): ¥32/kg
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