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Struvite

e

® Crystalline mineral salt with equal molar
concentrations of magnesium (Mg), ammonium
(NH,*), and phosphates (PO,*).

* MgNH,PO,-6H,0 ‘ }!\/

e Slow nutrient releaser.

Siciliano A., EnvironiSci Pollut Res (2016) 23
pp. 5949-5959

SEM image of orthorhombic struvite crystals

® Not easily washed-out with rain.
® Insect repellant.

e Struvite crystals are in the orthorhombic.

® Color depends on the constituents used during
production:

e water, wastewater type, magnesium source.
e White, yellowish, brownish-white, or grey.
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Flotats X. et al., Monografias de actualidad,65, (2001), 51



Wrecipitation

®* Matrix:

e Municipal wastewater (sewage)

e Livestock waste (treated or untreated)
e Swine
e Poultry
o calf

e |ndustrial wastewater

e Dairy wastewater
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Sources of P in the wastewaters

MgZ+
* OH- Mg(OH), . Dittmarite Mg(NH,)(PO,)-H,0
pH | Mg5(PO,), Newberyite Mg(PO;0H)-3H,0
H* MgHPO, — « - Bobierrite Mg;(PO,),:8H,0
Mg(H,PO,), Tk 3s Cattiite Mg,(PO,),-22H,0

) MgNH4PO4-6H20' Phosphorroslerite MgHPO,-7H,0

e Agro-industrial wastes PO 3 e oK NH*
PH | (NH,);PO,
H* (NH,),HPO,
NH,H,PO,
* Mg?* +NH,* +PO3* +6H,0 —» MgNH,PO,-6H,04 (alkaline conditions) TanselB.etal, Chemosphere, 194,(2018), 504

e Addition of a Magnesium source is needed to optimize the struvite

crystallization process.
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Rahman, M.Md et al., Arabian Journal of Chemistry, 7 (2014) 139-155



Advantages and disadvan of struvite
_— /
ADVANTAGES:

e Struvite production from livestock waste is a sustainable solution
for nutrient recovery.

rical storm
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e Synthetic mineral fertilizers are produced from phosphates rocks, ==

which are depleting.

e Compliance with Nitrates Directive 91/676/EEC. ol N
e Struvite, in the granular from, is a slow-release fertilizer '"""" R rerion
e Slow release of nitrogen (N) and phosphorus (P) are enhance the Denitrification Nm e ‘:m’
plants’ growth at different stages. . h /hponsscl‘e\ncecl_em-s-;eebly ComATHEBE K SH S BFactice2. html

® Struvite produced from wastewater streams contributes to the
reduction of greenhouse gases emissions, pollution of surface
(eutrophication), and groundwater, and soil fertility problems.

DISADVA NTAG ES: | hosphate rock | Soil acidificaton Eutrophication

® Struvite produced from wastewater streams may contain heavy Interreg
metals, PCBs, PAHs, hormones, pesticides. /Vlediterranear»\m

e Pretreatment of the wastewater stream used for its production is # RE-LIVE WASTE
of great significance.



Location of CUT Pilot e

— ¢ Location: Armenis Nicos & Sons Ltd, Monagroulli, Lemesos
Livestock farming activities: 35,000 pigs/yr
* Biogas plant
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The CUT Pilot

Compost Unit

L Bio-trickling filter Biofilter

Mixing and Homogenization Tank
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Dark Fermentation (DF) and
Anaerobic Digestion (AD)
Bl |
¥ t
Struvite Crystallization Reactor (SCR) pry BT
1HILCIrcy k==
/Wediterranean _ o=
# RE-LIVE WASTE
Filter Bags UF Ceramic Membrane

short cut Sequencing Batch Reactor (scSBR)



1
PILOT PLANT PROCESSES

\
emissions
Biofilter
. Treated  90-120 L biogas/kg TS
F
biogas
a ) V=2m3 Appr. 150 L/day
; blogas HRT 10 days Upgraded from V=50L to V=250 L
T=30°C SRT 4 days
50% pig slurr . e Ambient temperature
25% cohpegse whyey m__.a Biotrickling i L P
25% chicken manure & filter
° Recirculates backt
. Reusable ecirculates back to
LSS ) S| oo 1 . _._._ ........... " E . effluent the SBR
feedstock | & ;
Mixture | . Accumulation Struvite
DF&AD unit Fil Itrafiltration a2
tank ter bag Ultrahitratio tank erystallizer
V=3 m? 2+10 m? i l_;.. Struvite
Flow=250 L/d HRT 35 days UF permeate
Storage capacity DF 3 days 250 L/d
7-10 days AD 32 days Tappr.=33°C
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- s *scSBR= short cut Sequencing Batch Reactor
Compost Nitrification Denitrification
unit NH,* —XO, #> N> N,6—>N, —>
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CUT Pilot Upgrade
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Struvite Unit Upgrade e
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Goals of upgrade:

e Recovery of Nitrogen and
Phosphorus as Struvite

e N-abatement in the swine
wastewater
e High ammonium
concentrations in swine
wastewater)
® |ncrease struvite
production and quality

LIFE LIVE WASTE RE-LIVE WASTE
e SCRS50L * SCR 250L
* Chemicals added: * Chemicals added:
+ Mg(OH), + Mg(OH), interreg 4
* NaOH « H,PO, /Wediterranean _ =
* NH,*:PO,3:Mg?*:1:0.3:1 * NaOH g RE-LIVE WASTE
* Quantity: 150 g/day * NH,*PO,>:Mg*

Quantity: 4,500 g/batch

Darwish M., et al., Separation & Purification Reviews , 45,(2016),261.; Latifian M., et. al., Environmental Technology, 33, (2012), 2691.; Perera P.W. A. et al., Biomedical and Environmental Sciences, 20, (2007), 343.



wp recipitation at the ptlot — —

‘ ﬁecipitation experiment at the pilot (struvite combined from the runs of 24 & 28/02/20)

XRD analysis from UNISS SEM characterization from UNISS
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Quantitative analysis: Struvite 92.5 % Not regular shape, 80-200 um

phosphorus nitride imide 1.5 % iiterr Cs
ammonium phosphate 6.0 % /Ulediterranean P
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January-February 2020 September 2020

Struvite obtained from the pilot has:
-No pathogens

-No carcinogens

-No heavy metals
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EU Regulation 2009/2019/EC




Agronomic Evaluation
-
® For the evaluation of struvite as a potential
fertilizer additive, two experiments, one for
baby leaf lettuce (Lactuca sativa) and one for
radish (Raphanus sativus) were conducted.

® The obtained results support that the physical
chemical characteristics of the crops were
substantially enhances (i.e., water retention).

® The post-harvesting behavior of the crops was
similar to those produced with the commercial
fertilizers.

® Struvite could substitute conventionally
produced fertilizers.

T1: Peat without fertilizers
T2: Peat + Fertilizer (1)

T3: Peat + Fertilizer (2)

T4: Peat + Struvite (1)

T5: Peat + Struvite (2)
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clusions:

e Struvite of high purity (89-99%) was produced in the CUT pilot from
anaerobically treated livestock waste.

® Struvite was free of pathogens, transition metals, and carcinogens.
® Proven to be as efficient as commercially available fertilizers.
® An environmentally friendly approach for nutrient recovery.

¢ A sustainable solution for mitigating of soil acidification, greenhouse gases
emissions, and pollution of surface and groundwater.

® Opening new market opportunities in Cyprus and EU on biofertilizers.

* Supports circular economy I iterreg
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CUT Team
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‘//"l:eam Leader: Dr. Maria G. Antoniou Main Researcher: Nomiki Kallikazarou

Technicians: Volunteer:
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Eleni Keliri Nikoletta Tsiarta Aggelos Sophokleous Dr. Nikolaos Dr. Antonios Panayiota Filio

. Dr. Loukas Despoina Tzortzakis ~ Chrysargyris  Xylia inodorou
Experts : Koutsokeras Kokkinidou, SEMy HILCITCYy B
| XRD 7 Georgia-Elina Z8{lediterranean &
Dr. Kostas | Communication £ RE-#l
Aildcizou Theodoros Christophides |

. Financial Manager
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8 Thank you for your attention!



