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Phosphorus: a limited resource

“[The] EU is reliant on imports and [...] increasingly more
dependent on phosphorus reserves that are less
accessible and more polluted with toxic elements, such

as cadmium and uranium.”

85% of mined phosphate rock is used
for fertilizer production

20% of mined phosphate rock
end up in human excreta

European Commission (2013), Cordell et al. (2009)
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Phosphate rock — a limited and
increasingly polluted source of
phosphorus

Phosphorus is strongly linked to the food
production and consumption chain

Potential to recover P from WWTPs!
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Advanced reject water treatment
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) . Advanced reject water treatment
g [ealRec T

denitrification

COD
NO,
One Step
Anammox®
N
0, 0, 0,
nitrification partial nitritation

UdG = Driessen et al. (2011)

Partial nitritation-anammox (PNA)

* Lower aeration needs

* No need for additional organic
carbon

* Small footprint

* Low sludge production
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Stratification of biomass
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= Floccular biomass

- Reddish granules

= Dark granule
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- Aim
\‘) TreatRec

* To characterize the mineral core
* To understand what is causing the formation of the inorganic core

* To evaluate if the recovered product can be useful
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‘ TreatRec Reactor operation

Sequencing batch reactor
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Centrate composition

pH
Parameter
DO
8.1+0.2
AEny s 44014479 (mg CaCos) L
N-NH,* 966+130 mgL?!
L P-PO 2> 57427 mg L2
—>  Effluent
_D‘—a <€<— |Influent Ca?* 79433 mg L+
—% MLSS sampling tap 1418 mg Lt
- @)
<— Air
Inoculated from a lab-scale PNA reactor
Bottom . . e
Ttap operating at mainstream conditions
25/10/2016
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‘ TreatRec Reactor performance

Time period VSS/TSS
CEVD) (%)

50-100
100 - 150

o
UdG LI

NLR
(g N-NH,/L,d)

N-removal
(%)

NO3, prod/NH4, cons
(mol/mol)
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200 pm

Ca

MLSS Crio 3

P 16
Ca 34
Mg 0.24
Granules 1.64

Hydroxapatite 1.67

Crystalline hydroxyapatite confirmed by XRD

Compound Formula
Struvite MgNH,PO,-6H,0
Hydroxyapatite Ca;(PO,);0H
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) entree BI0OlOgICAlly induced precipitation in PNA sludge

Protons are consumed >

elevated pH =

+ — — +
. . i+132 ;+0066 3+ .
increased supersaturation - L102,+026 3+203, +

Anammox stoichiometry

induced precipitation

No precipitation noted in the bulk liquid!

Consumption of ammonium

and carbonate = Combined PNA stoichiometry

reduced supersaturation of 408 ,+ - +044,+011 5+
struvite and calcium 25 , +104 ,

carbonate
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) entree 3FANUIlAr sludge favor formation and growth of HAP

Hydroxyapatite pre-cursor phases

_ Ostwald’s rule for multi-phase precipitation:
Brushite CaHPO,-2H,0

Not the most stable, but the most soluble

Octacalcium phosphate Ca,H(PO,);-2.5H,0 phase that forms first

Tricalcium phosphate Caz(PO,),

Thermodynamic driving forces

Hydroxyapatite
UdG IS /
tequia :
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‘ TreatRec Purity of the product

Proposed EU

Requirements P limits for P

Parameter industry fertilizer

Phosphate content (%
36 225

Cadmium content (mg/kg P,0:)

Metals content (mg/kg DW)
(i) 60 mg/kg P,O: at the date of
application of the regulation, 40

“ 0.29 - 150 mg/kg P,0; after 3 years after

10 500 - application and 20 mg/kg P,O«

— 378 10 000 i after 12 years after application

o (i) CrVi

tequia ;
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Take home messages
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* The biochemistry of PNA sludge allow for the formation of calcium
phosphate without the addition of chemicals

* The granular structure allow for the formation and growth of hydroxyapatite

* A phosphorus product with high purity (36% P,O: by weight) and low metals
content was recovered

* A potential new phosphorus recovery product from urban wastewater
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Thank you for your attention!

Sara Johansson

E-mail:
www.treatrec.eu
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