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Fig. 1 Detailed sites of phosphate recovery from wastewater and sludge treatment processes
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Table 1 Cases summary of phosphate recovery from wastewater in Europe and Japan
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Fig. 2 Process of GZV phosphate recovery from manure

B, JPRE A ORI . B E WA SRR RO N KE SR, EEERA TR (A
ol AR D) SR AR TR s [E AR ISR H Re-P-eat 1.2, RIFEMR AL SN #% oM A #ca ik, Ik
B IR A5 (CAP) MU B AT Pl L ol B5R) o &S b /IS T 25 e 2 HH K A 6 i 22 M 3R K HE ChR
e, JF T L R R K BRI

GZV ZENE I AR 1 22 T &84 W1 W, A i B DR I Wl gl s [ i oy 9k 4 A ) s S i R
T A 5 28 8 K R A i B A BRAS T LR 13 BROT Y £5 A b 3 2 FH A EU U A% S 4 2 i b
HRSAS (3 b BB A 20~25 BROT) AL 509%~100%",
212 REKHAERBE® A mE K Crystal Green®# K

JNEE K Ostara 243 14 Tl . Al T BT K AL BT rp (98 5 90 IR A hy — s 2% HL AR IR Y
WUk A B} ——Crystal Green®, HZ .0 1.7 6055 WASSTRIP®FI Pearl®$; K, T2 UNE 3 Fris .
Hor, WASSTRIP®A] 52 R W {5 JE R A BB, JF RS W4t o Pearl Sz 7 45 4 (HE B M 4, (] A T
kA PO, I Mg? 45 B 1~ AR 48U Al B L A5 175 B 25 315 1) 5 T Pearl “ 55 AR 32 R U I Mg £ 9F



11 TR A PR L TS K ISR B 0 FH R R e ) 2 AR S B BOR H5 it 3511
WASSTRIPP I Ri4% Wit | RESL RS ik PEARLYINAS  BiATAL | [lcs=

EWRRAE LR

Okan

DRAABERE L TRAR RS i

3 Ostara Crystal Green® % B R =
Fig. 3 Schematic process of Ostara Crystal Green" for phosphate recovery

] pH 45, RLBBEUINE . BRER/RES N E.

WASSRTIP X & Pearl“$ A A= 7= (1) T 8 5 38 4 AL AE 5 AR /E “Crystal Green®™, & — P2 BEAE
BEo IZIERE A A RO IR RN B (EC) 45 2003/2003 SR ME, 775 4l ik 99.6%, HICHEEMA, H
R AR AT 4 JE o AR (R T A T B BEAR U, 7E Crystal Green™f) 4= r= ik #2 v, RS dER ]
b, I P A R G R 4 B SRR . FIRE, TR N AR R RR, AT A
RS IEAMEE RIS BB AERG, WRHER . N 450 B REEE . s K,
BPep sy, wlmat gE— Bk . T G R BRI . TS BEACH B R

FH L, XEEIEAA NS B R TE w2 F ) BCFS A BB T2 i 2 8,
Crystal Green"Z 19| 1) 82 Z A0 75 T H Ry 85 B A 2o 2 Rl A A0 68 R 5 45 4 85 +77 o [l g+
R, B A I B R A E R K, BT ZA W SR A R T R, JREE
UL SR P o AT ORIEH P (2 AEORTTHL. AR Jor a8 2 B, mHR
o E) A S TR R f A, FEORUE T S B A R EEL  T AR BEROR SR, AR
PRI B AL G R, RS =y M, IRRE THOR A AT REEL R R

P RRE AR, Ostara A A [ 2005 47 LAk, © 5036 RRINSEHLIX Y 22 475 K b 2
I RAE, B ekRE KRS IEA M A R Z— Hir, JEEZ 083 58 e (Stickney) 15 7K 2 28
J R ERRE RS A P E , 57515 9000 t; fif 2% Amersfoort 15 K AL BT (30 1 AT
)T L B A BN A G55 15 P AR A R R U g R A 5 2y [ B e, AR REIA 900t T, %
/K == Murphy Ireland 7K 45 /A 5] & 1ii 55 Ostara A 6l A 1E, X & /R 2= KI5 K0 #) ——Ringsend V5
FRALFR T AT BRI T2 M AR is o % TR T 2023 4558 i, Jf 1 Ostara 28 w) [ BRI . JE 32
B8 4 TR GE J5 1 Crystal Green®r= d (H P2 29 4 14 )1,
2.13 A FRFFEDK: £ 8 TerraNova® Ultra TZ

& [% TerraNova Energy /A #) % FJ Terra Nova® Ultra T. 7., i@ i /K # % fk (hydrothermal
carbonization, HTC) Jit 45 il 2 I 2% 14 45 4 5
T R SR R o ) A sk R, RN R T Dl LA 150
BRI R, ) Bt D Al NE A 55 i A= 4 o 0B

LB I (W 4) o %L o VA
BTN B E, BE SN, PREDR A : . -{300
W28 PR B K e 0 MM . A7 i | e | L ~n
K A i R F5 W kL (Calcium silicate hydrate 77%;%% o SRR
granules, CSH) Feft MMM IALBRHIE . [ H RE () ki)

T2 R B T A 2 7 908 K A Ak o) A A R
Yy, AB R IR AT ] g ik 809%™ 2 AR
S P E, X IR B A o A W R R A/

[l 4 TerraNova® Ultra B [E I T ZRE &
Fig. 4 Schematic process of TerraNova® Ultra for
phosphate recovery



3512 ok L B ¥ W Fl6 &

A2 ) T E RN B AR TN BT B VAR BEAL Rl B A A L R

HEr, T2 MHFIREGTI5 KA | 78 E L5 U 57 B (Kaiserslautern) H ¢ 75 7K 4b 3
J7 . fEIE fE %€ /R £ K (Diisseldorf) 7~ 5 {5 /K AL W1 i% =6 JE W [F & B {# /K (Maribor) 75 /K AL BT
G0N A E BT K AL PR Y TerraNova® Ultra T. 4 B E iz 17 4 4F, AbFRHLAR N 50 5 AN 0 Y &,
BEHAETG TR AL B 240 14 000 t, B A9 AF [T 5 2424 200 ta 2122
2.1.4 75 RS HEE IR E 5

1) fiif 2% ICL Fertilizers, ICL Fertilizers T 2011 4£ 5 fif 2 BUM % 29, THRI7E 2025 4 52315 e 58
R 43 1T AT B 5 A o BBORR B 0 19 4 FH 2, ICL Fertilizers 7E Jy B AC AR 771, R B W R B35 IR 54
JRAY A TSl 7R kK PR K A IR R il IRk SRR FH B R (&1 5) o ICL Byl T P £ [ % (1
B A s) RSO BER, R R B, B, IR R 32 B0 G A3 Il e A
it VB R 58, E W R ) () B 2 % ] PN gt ok ) R AR BT R i AR IR
PIFT R H B

ICL Fertilizers it I Faf 48 30 457 P4 A0 IE A8 7 ) B9 B 4 47 15 4 1 4 250 000 t, % 7™ il 4F 5L ™ RE
800 000 t, H:r YR M A B AT B 4K 10% JE B2, 32 T 5 38 2ok Bk Bl 22 Uk Wl R 1 ol ok 8 Al o
, 4R mE LS (MOP)., iR #1 (SOP) sl H il fi i 4: JE 5T E (Cu. Mg. Mn. Mo. Zn %)
PR R E SR, 85I AR IR 4 A4 7 NPKALIE . BR =2 4, ICL 2\ &) i 76 B i 2 [ %
T U5, Qe WA 7E o 2 R IR A A 7 7 3R 45 1) 38 4d Recophos 1. 2 Fll Tenova 1. 25 A= 7= 14
(P)), VABCIEAETF R ATAT VR 23 BT 04 B S G i A= = It |5 2420,

2) H A Metawater, 5 KRB0 IR BUAR TR, HARRAE %80, Ao ot o, 58,
H A 2 B0 XF 75 8 TG AL A BB R AR R P30T, 3k

A IV KB AT SR, B, BB s, e

HFRIE R A, ok Emgse o B R
VOSBRI, AR MR AT 0 L B B R

KL S5 K Ak B TS U8 R S o T e
. wmespReie, sk s &0 [ SR TR BT
AT AL BE K S U 0B L R 5, B0 A @ —»

L R FUARE Rl T K Y8 8 2 i P,

H A Metawater 4 [ iz & A9 1 B (2010 4F)
FTEG L (2013 4F) 19 )4 15 Je 58 e K o0 [l e 1)
) 4 B AT 7= 43 1 o0 300 t K 150 1), w4
WTZ (E6) H: 4 H NaOH ik Uk K 53 5 ;
P o B0 Ca® DL R W K A £S5 (HAP) UL TE B
AR ;s e B O™ oK o TR kL
b5 T2 FC R AL 224 b A R FH o K o T 4% ok i
WS RIEVE LR E SR, A TC Rk AR
R, £5 G IS B iR bR e, AR B A
MRS T R TR AR A, IR
e R AP

I Bl IS ) AR AT IR 4 T 30%~40%
B K 4y, B AE O 24 A R BRI 24 300 t A B
HE e Gl 1T S B AR AR LB AT AR 1Y 3%

5 ICL R #EIN T ZRE
Fig. 5 ICL schematic process for phosphate recovery from
incinerated sludge ashes

SEHEIRIY | NaOH | NaOH Ca(OH)
By '@ )
/N\ /VN\ P .
a 'Na OH (o Na @ OH
OH OH Na onon OH
P _ 4
e Na  Ca(OH),
Na [ kgki Ca,(PO,),
LR e P
- 50~70 °C, 1.5 hfGFF
P A5 7 [FTSCR SR KA

(Ca,(PO,) (OH),)

E6 WEREAZHEWP ITZRIE
Fig. 6 Alkaline-leaching schematic process of phosphate
recovery from incinerated sludge ashes



511 RIS . EFR L 25 KR [DSCE A A R T HE IR K 5 2 A A B A it 3513

R 20 A BT ZEBRAG ER R 0 TR, 24 BOURPRE [T 85 I Ay 44 S “Gifu-no-daichiR” (I B2 ), %
it H ) 1™ P i 5 FRLTT JA-ZEN-NOH(4: [E Rk A 1Eh S A &4y 32) T si s B, R RArm T
Wirf . BHRET, MO e ORI KA B, LR B G R R B RS L IRk
RFEA R, LB e & St 7E RWIE, mT B B R JE B 2 3l 2
2.2 R A B8 S 3 AR xoF

DL G000, SliT ¥ K Ko A AL 2 0 A i 1K, G vl T £l KT A Bl T 2 R R
HAT, 2Rk o AR T B, I 2 E AR A0 7 B B BER, SR, BRARL Al [l i AR
FORARAA . BRE . Y . RSN T IR X B A TR 7 B LB R g Ry AR L AT
e S SHR SN, TN T 2ARERMES %

1) 28 ME L 42 0 T A ) 7= 9 2 TR 1 v db S i, T VR AR R A 7= Dl , i L AT S R 388 ER A6 ik
AT EAR, AR MATMAE . SR, DR 7k s B R Hb X 20

2) WAH (RAA F 3 . 35 P IR I AL 3 RS e B K ) Bl e, RS T B AE 15 R IR 4R
THALSE R IC S, 3 TG KA BT S rhim K A B it , R M T Ak o 2 T Bz — P,
EE, Al Oy SOBCR AR &, 8 H ARG SO 5 1 109%~30%,  H o> & 5 ik — 4
difb =9y, Wil AE T AT LIRS E & . S TEE Y, W& KA Crystal Green"H R .

3) AT R F L B Il B LA YS Rk e R B ARG, T [l A T S v A AT e R AR R A
Wl . Z T 2088 TG Kb ) A8 4R s K b B

4) BEBE IR 4 B 1T AT LA ¢ 1 1 W I AT R 38 (~90%),  TEAH [R] 35 Y8 B i 95 00 T, K 43 [l g A 24
T 5~10 35 B AH B I gig 1 220 T HL, ¥ YR R 4 iR SR AR RS, Ko TS B A AL A R EUR
W, PR R . KR I AR B PR TR RN R A 25 5 0 KBRS T A TS R AR AR
(475 K A B B A S it

FEHE 8 1 75 3 8 A8 N V5 YR A A B b B OB B T B, R 4Bl IR R 22 i A LA S A
Ml Ty, B AR E L AL SE, (4532 B AL e e b V5 e AR be ) ok R HH R 1 75 K A BT
FISAT 45 P8 e 22 LRI JE WA 1Y 2 N5 PR AR e ) B Z K40 T 8 i1 220 Z A5 KA BT 60% (1975
TeAEBAT 4531, 53 Fe WA bl o rboo oo 4 S R 1007 119 <75 U0 A b+ [ g >k X T AR AP 95 K Ak L i) i [ i
A, AW T R R K 15 K Ak B DI Y 3B R
3 EFR_E S8 E WA B X B BUR H4 i

BB 0 VR 1) AN 35 50 2 A A Ik B TR 2R 23 51 ke b 2 BTG UG RN IR BT 75 e, g 5% i) oA R e 5L AT 4
Sptk kDY, MiFE Bk N DAk n, RS R E YOk IRIE A NS, ek A e
70% FIHAD AR 30% BMAE AR TP, PEAEE, 1961—2050 4, AxBRuo 4t 8 TR a8t f
BRI, BEARTR SR R E L LTy, 3 2045 AERE T SROB S WAL Y, R, kST A
BB B2 VR A G Y T AR, A ZRZOK B A TCHE nT A fE S B . DL b 32 L R N R R
RUSBE IR REA FF LT, HE RS E G K, B PR, i, 8 Ekd Ry
N ESAFEFEH AR A< BB ) &, SR, i T O™ S R T T e RS, BUR A
L BRI A A BT A R I AT AR € 1 o AT B A DG [ SR U UK 5 15 il

1) MBS 5 9 A 2 1 S 4 Ol 7 i o MR T KRB, T 2 B — B Se X IS KL 15 IR A
FENE AP DO G e PR A AT FEPE R R BEAS . b, R EH B X — ), MBI TR SRk,
PUARBE# = S E T S e — 2 b, W 20194E 6 H 5 H, BREMEIT T B AR 46 (EU)2019/
1009), —Fh % FI = 4 STRUBIAS(SS 2547 | AR Wy e FIBE be IR 435 FR) © 9 81 A AR A AR 7™ 1) — 3k
JEORE, il A2 (A2 e R B BE R RTERR I 1T 3 A B B, BT R Bl H AR et 2B, STRUBIAS



3514 ok L B ¥ W %165

MOBHE 2 M7 AN 20 N8 L Shid ) RS A ) XU o ZE il ORI iar, B2 AR PEAl R0 A i J&] 9
531 2% W ] 050wl AT A bE A% e MR R Al 8 R AR Y, (HE &R . AP Y& s Bk, BEAH
TR A BRARWE . w SR AR R A ) R BT AR T 2022 48 7 H 16 H S, e B SRy Rl
A B 7™ it 32E A T 3 i 3 A i R DR A

B 3 IR R 4 R 4T 3E Bl RT3 B ) BE A A, 4% N D B A B A e TR N Tk L
Bl Bid . A== 2 DRATIRREMWES, S0 g LB T R A G0 8 5 <2050 i ZPF 1T
¥, BESHMBENERYEENS A S ME, 98, k. At b Disk ok HE SR R ) 4%
Gty Bhn, sk o™l B & e o At b B fili 22 1 5 A G BOR DAY KRB Wi 4E i
BRFE BT RPN 45 FE A #HE T B A] 522 5% [0 WF- /5 (European Sustainable Phosphorus Platform), DA SZ i
DR T e AR 2 AR R L A ks A | JH v E AT RS i &, (R sEEE
W 3 2 4 gk J Y,

2) X IS i B S R I ISR o BROAR BOSR T Be AT ORI [ W i AT 3 AT
BB AG . HZEWRE, BRSO AT & TRy, SEWE RS- Mg ae 7485 . KA
B EET M i 2 IAWE T B 1950—2000 FEBET A M4 LK 10 £ 2007 4F X
BT 200%; 2007—2008 AE A E] 14 4B, BEIEH RS BUTE T 800957, JS A AN, B Wl s A
M SR A e S R AR oA, 3k 3 AR B W [ TR B A R I T A R D, MERL L
7 UM

AT 7 BR & B BUM R LRI KRB A M, XTHIFR ., SHETMRUERL, HE
eI SR A B3 1m0 AT 7 it ) B WA o T LR PR 22 B SR BT AR G it . AN T B F 1984 AEME W BRI SR
Bl (1994 4F DLW NE 4R & m A i, B0 WS o s M K 40 g T 38 IES o 0 1 B2 o s >R AR i, 4% 5 e 3.3 TR
Juit, DA FR i PR B0 2021 4F 3 H 24 H i ML 25 5 100 77 7 B (29 3 850 71 AR ),
DL IZ I Wl (B2 W) “EasyMinings” 031 30] 3 82 HAE 15 7K 5 U il 0] WSORn sl /0 RO 8l 4 JF SR 55 B
RIS 7 TR th A ST ik™Y . PEZE A 2005 45 & AE W T 7 3h W i im ks B B, B4R 0.53 KRG /kg
P JfF 2018 442 1 52 B 80% 5 Ve vh i [l i iy H bk, LASE 3 ik Wi /K HERE B (B HE R 1 kg P AR
22 BR.) Fiis PR SRR (B v PR AU 63 BROG) A At 2l [ml e 4 AR g 28 iy ) e Jre M1,

4 HiE

B 9 U ) BBl R A S B8 21 e AR TR AR AR R TR 2t o i FE ALY HE B2 (A5
JLE B O LR EE AR £ PG, DRSO BT RS BRI R B AT DB M 2 55
ZE. Hbs L2 HE, WK, BARY%, ©F 20 4FATe TR 1T W BUME BEA B X 5
PRI BB | F I o 3 2t DXORIT ] S A 9 [l e AR B i 5 i E B fE i LR 51, IR RRR T2
B SR B I FH 58407

MR SR BIFWT : 1) Bl DS 7 5 0 0 D I 15 . e /s e ik s DOBE . AR G5 e o)
B, AR5 ISR Koy S B, AHRLECAR I E A AR, BASESE, HA N T TRSER; 2)m
A LG s A B ARy bR, 15 U BB K o W B OB W 0 p i e 7 50, AR AR X
1] S AEL B o] W RR B e (~90%),  HL2% 5T & S AR B D 5 3) i [l Ag fdg afl A BN 7R B R Bl i 45 55
AR T B L™ i HE AT S AR PERE 22 0 ORI H AR S5 IX . R B AR, BUF A SCHT]
L AR, 5 TR SRR S B A BE AT 8, JF RS T 555 4 0 B BUR A TR A%
BB/ AN T B, BT A2 T8 T B il Wi A i BE TR, 3l e DR /e D e [T i 7= o G AR PR
N, LA A R B L



5114

RIS . EFR L 25 KR [DSCE A A R T HE IR K 5 2 A A B A it

3515

%=

=

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

£ 3wk

LM, F54R, B 30hR. BNV S B MIBCEOR M), Jbat: ma#
il 2011

U. S. GEOLOGICAL SURVEY. Mineral commodity summaries
2021[EB/OL].  [2021-09-04].
mes2021, 2021.

HAO X D, WANG C C, VAN LOOSDRECHT M C M, et al. Looking

https://pubs.er.usgs.gov/publication/

beyond struvite for P-recovery[J]. Environmental Science &
Technology, 2013, 47(10): 4965-4966.

AR, TAAfE, ATRBA, &5, ARG A4 S AR ALK BER )], o
[H 57K HE7K, 2019, 35(20): 5-12.

DESMIDT E, GHYSELBRECHT K, ZHANG Y, et al. Global
phosphorus scarcity and full scale P-recovery technique: a review[J].
Critical Reviews in Environmental Science & Technology, 2015, 45(4):
336-384.

EUROPEAN COMMISSION. Amending to Regulation (EU) 2019/1009
for the purpose of adding precipitated phosphate salts and derivates as a
component material category in EU fertilizing product{EB/OL]. [2021-
09-04].https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=PI_COM%
3AC%282021%294743, 2021.

SOARME, W RN, T5 K RETR T IR MDICR T Bk TR TR R (0], h
#7KHEK, 2016, 32(24): 14-19.

JUPP A R, BEIJER S, NARAIN G C, et al. Phosphorus recovery and
recycling-closing the loop[J]. Chemical Society reviews, 2021, 50(1):
87-101.

AL, R, FE2R, A 5K [MTOH ™ ) —— W kT (1], TR
2rEdR, 2018, 38(11): 4223-4234.

NATTORP A, KABBE C, MATSUBAE K, et al. Development of
phosphorus recycling in Europe and Japan[J]. OHTAKE H, TSUNEDA
S. Phosphorus Recovery and Recycling. Singapore:Springer Singapore,
2019: 3-27.

EUROPEAN COMMISSION. The Nitrates Directive[EB/OL]. [2021-
09-04]. https://ec.europa.eu/environment/water/water-nitrates/index_en.
html, 2018.

SYSTEMIC. Flow diagrams of our demonstration plants: Groot Zevert
Vergisting plant{[EB/OL]. [2021-09-04]. https://systemicproject.eu/wp-
content/uploads/Systemic-GZV-Poster EN_LR.pdf, 2020.

SYSTEMIC. Groot Zevert Vergisting, Beltrum (Netherlands)[EB/OL].
[2021-09-04].
1-Groot-Zevert_year3_final.pdf, 2020.

GYSIN A, LYCKE D, WIRTEL S. The Pearl® and WASSTRIP*

processes (Canada)[J]. SCHAUM C. Phosphorus:Polluter and Resource

https:/systemicproject.eu/wp-content/uploads/Factsheet-

of the Future Removal and Recovery from Wastewater. London:IWA
Publishing, 2018: 359-365.

VAN LOOSDRECHT M C M, BRANDSE F A, VRIES A. Upgrading
of wastewater treatment processes for integrated nutrient removal the
BCSF(r) process[J]. Water Science & Technology, 1998, 37(9): 209-
217.

R IE L, 7. & 57, VAN LOOSDRECHT M C M. ] % 5% [ i i 480
BCFST-Z[J]. £7KHEK, 2002, 28(9): 7-10.
OSTARA. Ostara 900 tly
Amersfoort[EB/OLY]. [2021-09-04]. https://phosphorusplatform.eu/scope-

inaugurate struvite-recovery  in

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

in-print/news/1219-ostara-struvite-recovery-amersfoort, 2016.

OSTARA. Ostara and Murphy partner to deliver part of Ringsend
wastewater treatment plant up - grade project for Irish water[EB/OL].
[2021-09-04]. https://ostara.com/project/ostara-and-murphy-partner-to-
deliver-part-of-ringsend-wastewater-treatment-plant-upgrade-project-
for-irish-water/, 2021.

BUTTMANN M. Industrial scale plant for sewage sludge treatment by
hydro-thermal carbonization in Jining/China and phosphate recovery by
TerraNova® Ultra HTC process[C]. European Biosolids and Organic
Resources Conference, 2017.

TERRANOVA. Growth tests with TerraNova® Ultra liquid fertilizer
showed better results than com-mercial liquid fertilizer[EB/OL]. [2021-
09-04]. http://s232856347.online.de/pdf/Ergebnisse-Wachstumstest-mit-
Tomate-und-Weizen.pdf, 2015.

TERRANOVA. Terranova-energy projects[EB/OL]. [2021-09-04].
https://terranova-energy.com/projekte/, 2010.

8%, BUTTMANN M, EH B 175 Jé /K B fl ik B A RO T Rl
N —— LA 77 o1l i e A B TR IR S B [3]. FREE TR TR,
2020, 140(2): 70-72.

EUROPEAN SUSTAINABLE PHOSPHROUS PLATFORM. Dutch
phosphate value chain agreement[EB/OL]. [2021-09-04]. https://www.
phosphorusplatform.eu/images/download/Dutch_phosphate_value_chain
_agreement_-_Oct_4th 2011.pdf, 2011.

LANGEVELD K. Phosphorus recovery into fertilizers and industrial
products by ICL in Europe[J]. OHTAKE H, TSUNEDA S. Phosphorus
Recovery and Recycling. Singapore:Springer Singapore, 2019: 235-255.
ICL. ICL the Netherlands Amfert opened its innovative phosphate
recycling unit[EB/OL]. [2021-09-04]. https://icl-group-sustainability.
com/reports/producing-fertilizers-with-recycled-phosphate/, 2019.
LANGEVELD K. The Recophos/Inducarb process (the Netherlands)[J].
SCHAUM C. Phosphorus:Polluter and Resource of the Future Removal
and Recovery from Wastewater. London:IWA Publishing, 2018: 443-
446.

OHTAKE H, OKANO K. Development and implementation of
technologies for recycling phosphorus in secondary resources in
Japan[J]. Global Environmental Research, 2015, 19(1): 49-65.
NAKAGAWA H, OHTA J. Phosphorus recovery from sewage sludge
ash: a case study in Gifu, Japan[J]. Phosphorus Recovery and Recycling.
OHTAKE H, TSUNEDA 8. Singapore:Springer Singapore, 2019: 149-
155.

EGLE L, RECHBERGER H, ZESSNER M. Overview and description
of technologies for recovering phosphorus from municipal
wastewater[J]. Resources, Conservation & Recycling, 2015, 105: 325-
346.

EGLE L, RECHBERGER H, KRAMPE J, et al. Phosphorus recovery
from municipal wastewater: an integrated comparative technological,
environmental and economic assessment of P-recovery technologies[J].
Science of the Total Environment, 2016, 571: 522-542.

CIELIK B, KONIECZKA P. A review of phosphorus re-recovery
methods at various steps of wastewater treatment and sewage sludge

management: the concept of "no solid waste generation" and analytical


http://dx.doi.org/10.19853/j.zgjsps.1000-4602.2019.20.002
http://dx.doi.org/10.19853/j.zgjsps.1000-4602.2019.20.002
http://dx.doi.org/10.19853/j.zgjsps.1000-4602.2016.24.003
http://dx.doi.org/10.19853/j.zgjsps.1000-4602.2016.24.003
http://dx.doi.org/10.1039/D0CS01150A
http://dx.doi.org/10.13671/j.hjkxxb.2018.0236
http://dx.doi.org/10.13671/j.hjkxxb.2018.0236
http://dx.doi.org/10.3969/j.issn.1002-8471.2002.09.003
http://dx.doi.org/10.19841/j.cnki.hjwsgc.2020.02.014
http://dx.doi.org/10.1016/j.scitotenv.2016.07.019
http://dx.doi.org/10.19853/j.zgjsps.1000-4602.2019.20.002
http://dx.doi.org/10.19853/j.zgjsps.1000-4602.2019.20.002
http://dx.doi.org/10.19853/j.zgjsps.1000-4602.2016.24.003
http://dx.doi.org/10.19853/j.zgjsps.1000-4602.2016.24.003
http://dx.doi.org/10.1039/D0CS01150A
http://dx.doi.org/10.13671/j.hjkxxb.2018.0236
http://dx.doi.org/10.13671/j.hjkxxb.2018.0236
http://dx.doi.org/10.3969/j.issn.1002-8471.2002.09.003
http://dx.doi.org/10.19841/j.cnki.hjwsgc.2020.02.014
http://dx.doi.org/10.1016/j.scitotenv.2016.07.019

3516 ok L B ¥ W Fl6 &

methods[J]. Journal of Cleaner Production, 2017, 142: 1728-1740. scopenewsletter127.pdf, 2018.
[32] HAO X D, CHEN Q, VAN LOOSDRECHT M C M, et al. Sustainable ~ [38] #iflHh, K5, VANLOOSDRECHT M C M, 4. B35 3K 5h R A i [ i

disposal of excess sludge: incineration without anaerobic digestion[J]. SREAH). EZAKHEK, 2017, 33(8): 35-42.

Water Research, 2020, 170: 115298. [39] NEDELCIU C E, KRISTINSDOTTIR K, STJERNQUIST I, et al.
[33] WITHERS P J, FORBER K G, LYON C, et al. Towards resolving the Global phosphorus supply chain dynamics: assessing regional impact to

phosphorus chaos created by food systems[J]. AMBIO:A Journal of the 2050[J]. Global Food Security, 2020, 26: 100426.

Human Environment, 2019, 49(5): 1076-1089. [40] ANDERSEN M S. The nitrogen mineral fertilizer tax in Sweden
[34] SAMIR K, WOLFGANG L. The human core of the shared [EB/OL]. [2021-09-05]. https://ieep.cu/uploads/articles/attachments/

socioeconomic pathways: population scenarios by age, sex and level of cd57d2¢2-6¢74-4244-8201-10c8{ff4b7{6/SE%20F ertilizer%20Tax%20final.

education for all countries to 2100[J]. Global environmental pdf?v=63680923242, 2017.

change:human and policy dimensions, 2017, 42: 181-192. [41] EASYMINING. Our phosphorus recovery solution receives multi-
[35] CORDELL D, WHITE S. Peak phosphorus: clarifying the key issues of million grant[EB/OLY]. [2021-09-05]. https://www.easymining.se/newsro

a vigorous debate about long-term phosphorus security[J]. om/articles-news/51-msek-grant/, 2021.

Sustainability, 2011, 3(10): 2027. [42] ANDERSEN M S. The animal feed mineral phosphorus tax in
[36] EUROPEAN COMMISSION. Published initiatives-fertilizing products- Denmark[EB/OL]. [2021-09-05]. https://ieep.eu/uploads/articles/attach

technical update[EB/OL]. [2021-09-04]. https://ec.europa.eu/info/law/ ments/ccbf12fc-48fa-4ddf-8d6d-4413357ae01e/DK%20Phosphorus%

better-regulation/have-your-say/initiatives/12135-Fertilising-products- 20Tax%20final.pdf?v=63680923242, 2017.

technical-update_en, 2021. [43] GAARD J J. Danish national taxes on phosphorous discharges and on
[37] EUROPEAN SUSTAINABLE PHOSPHROUS PLATFORM. Summary sludge ash landfill[EB/OL]. [2021-09-05]. https://phosphorusplatform.

of the 3rd European Sustain-able Phosphorus Conference (ESPC3) eu/images/download/P-removal-workshop-2019/Gaard_Denmark Ministry

[EB/OL]. [2021-09-07]. https://phosphorusplatform.eu/images/scope/ 9 11_19_Liege.pdf, 2019.

(FT =% 5. Fr )

Global applied cases and technical summary of phosphate recovery from
wastewater

HAO Xiaodi"*, SHEN Zhan', L1 Ji', WU Yuanyuan’

1. Sino-Dutch R&D Centre for Future Wastewater Treatment Technologies, Key Laboratory of Urban Stormwater System and
Water Environment (Ministry of Education), Beijing University of Civil Engineering and Architecture, Beijing 100044, China;
2. Beijing Capital Eco-Environment Protection Group Co., Ltd., Beijing 100044, China

*Corresponding author, E-mail: haoxiaodi@bucea.edu.cn

Abstract  Prompt phosphorus crisis makes its techniques and engineering extended globally, which is
associated with a community of shared future for mankind. European countries and Japan with scarce
phosphorus rocks have started up developing techniques and applying engineering on phosphate recovery from
wastewater and waste solids, and also they have correspondingly launched and/or revised a series of
laws/regulations to promote the recovered phosphate products into commercial markets. Based on the applied
cases and techniques from these countries, major applied cases of phosphate recovery are first summarized and
evaluated; next, appropriate sites of phosphate recovery in wastewater and sludge processes and identified,
including source separation, concentrated supernatant precipitation, sludge and incinerated sludge ashes; finally,
the gap between recovered phosphate products and the markets is discussed, and some political and economic
measures taken by EU countries are introduced.

Keywords phosphorus crisis; phosphate recovery; source separation; concentrated precipitation; sludge

incineration ashes; policies/laws
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