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Current nutrient research — what is going on —
R&D projects flash presentations

3rd EUROPEAN NUTRIENT EVENT @ ECOMONDO 2018

European Sustainable Phosphorus Platform (ESPP)
Kimo van Dijk — kimovandijk@phosphorusplatform.eu

8 - 9 November 2018, Rimini, Italy

www.smart-plant.eu/ENE3



http://www.smart-plant.eu/ENE3
mailto:kimovandijk@phosphorusplatform.eu

- ‘)\ GRUPPO TR~ &

.\ / * ok , Italian Phosphorus ”EW\ ECOMONDO 6-9 N‘ove‘mb‘re2‘0‘1‘8 k o %
\—< European Sustainable s pn:jec. has r Platform S 2

g B Prepiusisem e S/\/\ART_p|a nt 208

ESPP catalogue of research projects on nutrient
recycling and stewardship

* Running and finished projects, including: name, summary, funding sources, start and end date,
website, contact person and contact details

* Funding sources: EU H2020 (FP), LIFE, INTERREG, national / industry / university funded R&D
projects on nutrient recycling and stewardship

 The full ESPP R&D project catalogue and more information can be found on the R&D activities
page of ESPP: www.phosphorusplatform.eu/R&D

 Please correct and add projects, see document what information is required.

 Please send your question and input to Kimo van Djik (kimovandijk@phosphorusplatform.eu)

November 2018 www.smart-plant.eu/ENE3
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The following
research
projects on
nutrient
recycling and
stewardship
will present

November 2018
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BEST

Better Efficiency for
Indust ial Sewage Teatment

Duration: 1.10.2017 — 30.9.2020

R = = =
-

& situation

2) Capacity development

3) Local cooperation models and
__! investments

4) Final outcome:

National and BSR wide guidelines
for improved management of
industrial effluents

* X
I B EUROPEAN N1 |
* b REGIONAL TRL1S 'cs
o DEVELOPMENT ] ;
FUND Baltic Sea Region

EUROPEAN UNION

Paula Lindell 8.11.2018

BEST — Better Efficiency for
Industrial Sewage Treatment

@BestBaltchSR

Our BEST aim:
Promote cooperation and best
practices between

industries, waste water treatment
plants and local environmental
authorities to ensure efficient
treatment for industrial waste waters |
in the Baltic Sea Region.

City of Helsinki
Kajsa Rosqvist, Project manager
Kajsa.rosqvist@hel.fi




@“BJ’OCENTER

Research center on microbial electrochemistry

f "%, UNIVERSITA

(E /5 é' DEGLI STUDI
©. ¢ pIMILANO

Scaling-up APPlicative microbial electrochemical technologies for agro-industrial

Pl: Dr. Andrea Schievano
andrea.schievano@unimi.it

wastewater recovery

@e-sioFueICen

Project duration:
Sept. 2015 - Sept. 2019

2 1 ) )
vt -BioNEWtrients -BioPond® A
| I - - -
: :  GRTRCEEREESEERES e s e Photosynthetic microorganisms supplements
! I ECathode Bioanode : i Soil fertility, E /
: : ; salts precipitation | | carbon storage | ‘ -
1 5 y J “ HCO3 . 1 - : :
I 8 : : s . 1
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i deposition; : o
|_Porousinterface | ' : o Ssnode "
Fully-recyclable biochar-based METs modules, used in constructed METs-assisted raceway ponds for nutrients recovery and added-
wetlands for nutrients and carbon capture and recycling N value microalgae-based products )

Project (RBSI14JKU3) financed by the SIR2014 Grant,

Italian Ministry of University and Research (MIUR).
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Grant Agreement No 773649

Efficient carbon, nitrogen and phosphorus cycling in the European agri-food
system and related up- and down-stream processes to mitigate emissions

01/09/2018 — 31/08/2022

OBJECTIVES

Increase the understanding of C, N, P flows and the related
potential to reduce environmental impacts (...)

Closing loops within cropland farming, from livestock to cropland
farming.

Increase the reuse of waste/wastewater from food-industry to
improve soil fertility and to increase nutrient use efficiency.
Highlight the performance of different prototypes and increase
sustainability of food production in the EU {...)

To contribute to the improvement of the European Agricultural
Policies (...)
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DEMONSTRATIVE MODEL OF CIRCULAR ECONOMY PROCESS IN A HIGH QUALITY DAIRY INDUSTRY
con il contributo dell’'Unione Europea life 15 ENV/T/000585

LIFE DOP - Demonstrative mOdel of circular economy Process in high

quality dairy industry

Start: 9/2016
End: 2/2021

Implement a demonstration model using
innovative and sustainable practices from
feed production in the field to stable and
manure management for the production of
Parmigiano Reggiano and Grana Padano

Objectives and results contributing to nutrient recycling
and management in the proposed model:

Implement AD of slurry to increase nutrient management
efficiency

Implement proper distribution of liquid digestate in the
cheese district (high efficiency)

No use of synthetic fertilizers
Export of solid digestate to non-breeding areas

Manage slurry by an on line stock exchange platform to
re-balance nitrogen load and create value

Implement LCA to asses the save of impacts of the
proposed model with respect to the reference.

cheese

visiTA IL NosTrRo siTo: WWW.LIFEDOP.EU



6\ HYD ROUSA Duration

vDkO Demonstration of water loops with Start: 1/07/2018
innovative regenerative business End: 31/12/2022

models for the Mediterranean region

Challenge: Valorise non-
% conventional water sources through
INTACT |

innovative water cycle solutions

aromatic plants
essential L
il distillati
oll distiflation UASB

gas refill biogas
station

e

bypass for fefﬁgatio,.,

retu ntosol

HYDRO1

/”judge

Activities related to nutrient
management )
*Integrating anaerobic treatment A
and nature based solutions for 37/%( =
wastewater treatment, energy g Z .
recovery and nutrient recycling 4 ”
*Fertigation of an agroforestry @{4{ '

*Smart irrigation systems é, Y, ¢T @f fw;::‘“

*100% decrease of fertilizer import \** = e ,

salt water / bring sensor

This project has received funding from the European Union’s Horizon 2020
research programme under grand agreement No 776643

“-\g\'\ value productsg

met\'\ane services
waste wate,

491em inoden



I N ‘ ov E R INCOVER Project (GA: 689242):
June 2016 — May 2019

Innovative Eco-Technologies for Resauree Recovery from Wastewater

Target: Waste stream into a source of new added-value bio-products through 3 case-studies at demo scale
Nutrient recovery activities: ?
» To validate P and N adsorption technologies from wastewater using innovative adsorbent materials £

» To demonstrate nature-based processes and a hydrothermal
carbonization technology to produce bio-fertilizer

» Smart solar disinfected water with excess nutrients and sensor networks irrigation technology

INCOVER Consortium

almen AARHUS UNIVERSITET aqualla AUTAR C‘ON o

ﬁ HELMHOLTZ

CENTRE FOR

awrowers http://incover-project.eu
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http://www.life-memory.eu
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FERTIGATION
for Nutrient

Recovery
U J

Bioenergy

Peschiera Borromeo
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INNOVATION DEAL on Sustainable Wastewater Treatment
Combining Anaerobic Membrane Technology and Water Reuse

m PT added by water © PT added by mineral fertilizers

= NT added by water

NT added by mineral fertilizers

kgP/ha/year

AnMBR
+CAS+
Reuse

CAS+
Reuse

Current
(CAS)

CAS+NR
+Reuse

® Phosphorus added as mineral fertilizer
" Disinfection

= Pumping groundwater

® Nitrogen added as mineral fertilizer

B Wastewater treatment

= Pumping reclaimed water
Energy recovery as biogas

CAS+NR
+Reuse

CAS+
Reuse

Current
(CAS)

AnMBR+
CAS+ Reuse

Aurora Seco Torrecillas
o

Unidad Mixta UV-UPV

ey UNIVERSITAT
AMEF) POLITECNICA
i’ DE VALENCIA

¥ VNIVERSITAT
€ €5 DFVALENCIA




Nutrients in a Circular Bioeconomy: Barriers and Opportunities for
Mineral Phosphorus Independence in Norway

&
'i,, M I N D P Funded by the Research Council of Norway
Period: 2017 - 2020

Objective: Analyze pathways towards mineral P independence
in Norway through improved recycling with a focus on manure
and fish sludge.

Achieved through: 5 :
3 & > &
= Estimating local secondary P supply potential : £ s 5 &
S & § 8 ¢@©
= Analyzing the key barriers and opportunities for utilizing this i g E
potential = 3
= Testing different strategies and technologies in model plementation it 3 oysteme context
simulations and scenarios developed in close collaboration with
key stakeholders _
@ NTNU NIBIO - deamil - ]|
MTNU Industrial Ecology Narwegian Universily of R LA T R Denmark  gw—e

Science and Technology EFI3<ChaI ——
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Nitrogen Extraction from Water By an Innovative Electrochemical System

e

Water lock ;

Background

The intensive use of fertilizers in EU region is degrading sensitive water bodies. When the nutrients
make their way into rivers, they considerably disturb aquatic ecosystems. Recycling the reactive
nitrogen could reduce the energy needed to both produce and dispose of fertilisers, cutting
greenhouse gas emissions on both ends of their production chain.

Haber-Bosch

Denitrification \ Process
NH4+
Fertilizer
A Anammox
Nitrification | / Consumption
Electrochemical
recovery
NH4+
-
Nitrification
Objectives

» Demonstrate a novel technique to extract ammonium.

» Develop a pilot system capable of recovering from different wastewater in an economic, effective
and energy-efficient way.

» Evaluate the economic and environmental impact by comparing with the existing nitrogen
removal technologies.

+ Select strategic partners to ensure a market for the produced fertilizer.

Power supply

Effluent ‘ .
Anode Feed Concentrate
compartment 3 compartment compartment £
| . :
Feed < : o '
royo W Hy & OH- < A
B Catholyte
Influent E Ll
== MEA { CEM : AEM ) . -
’,. ..................... { ................................ i CEM i AEM J et >
> Ve
Ha Additional Hp Concentrate
recycle & Ny carrier gas recycle

TMCS module

membrane”™{ }1 """

TMCS

recycle

Fig 1. Scheme of the up-scaled electrochemical system for ammonia-nitrogen recovery.
Source: P. Kuntke et. al, Journal ACS Sustainable Chemistry & Engineering (2018) 7638-7644.

Expected Results

Low cost of N per kg

Reduce the energy

consumed by the

process to under 16
MJ per kg of nitrogen

recovered

Marketable product

Produce a nitrogen
compound that is
pure enough to
reuse as fertilizer in
agriculture

‘:F TECHNOLOGIES == eiides

waterbedrijf

0O

ICRA?- O

Mariana Rodrigues, Mariana.rodrigues@wetsus.nl
Contact: dr. Phlipp Kuntke, Philipp.kuntke@wetsus.nl

Info: newbies.eu

Project Schedule: July 2018 — June 2021



.~ from mining areas

Expected Results:

* X % O Management of Biomass Ash  jan 2016
Z f@ and Organic Waste in the _

b W @ STe recovery of degraded soils: A " 5550719
ok X http Ilwww.lifenowaste.pt Pilot Project set in Portugal

Demonstrate the sustainable use of
biomass ash combined with organic
wastes (from the pulp and paper
industry) to recover degraded soils

NIV

Prepare new ash-based soils
improvers (liming agent and
macronutrient fertiliser)

Pilot Field Application: determine
liming capacity; agronomic value;
plant nutrients’ availability;
salinity; potential plant stress

Address environmental and
human health protection issues

Assess market potential and
provide a technical framework for
the large-scale application of ash-
based soil improvers (Revised EC
Fertiliser Regulation (2003/2003))

ere N _ i G
Mo N ™m_ RAIZ BLCS

ananananan
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North Sea Region
NuReDrain

Phosphorus recovery potential
and fertilizer value of recovered
UEICHEIS
Field demonstrations of
nutrient filter systems

Nutrients Removal and Recovery

from Drainage Water

Start Date: March 2017
End Date: September 2020

Bench scale evaluation
of nutrient filter systems
Raf Dewil, Nico Lambert, Sofie Houtmeyers & Pieter Van Aken

KU Leuven - Process and Environmental Technology Lab
raf.dewil@kuleuven.be - www.northsearegion.eu/nuredrain




@ MIGAL P-Al/Fe-WTR

calleehieearninie= Phosphorus capture, recycling and utilization for sustainable agriculture

Contact:
lgay Lé“[h 1 and a clean environment using water treatment residuals (WTRs)
itaori@telhai.ac.i
Iris Zohar Objectives: To recover P, from agro-waste streams, Results: Both AlI-WTR and Fe-WTR have a great potential to capture P from dairy
Irisz@migal.orgil ~ using Al-water treatment residuals (Al-WTRs) or iron wastewaters that contain 10s mg P L-7 and subsequently release it when applied
desalinization residuals (Fe-WTR). This would address  as a fertilizer. Screenhouse experiments indicated the P-enriched Al-WTR and
both future P scarcity and environmental pollution. Fe-WTR successfully supported plant growth (lettuce as a test crop) similar to the
commercialized granular and liquid P fertilizers.
P surface accumulation P improved release from P associations and pools
associated with organic C ~ Al/O-WTRs upon Al/O-WTRs
(# SEM-EDS WW-Al/O-WTR Seq Ext, %
0% 0 il Overlay map: Residual _________Labile
:: e \\ Pg, Alg, Cag 2 2 NH.Cl ext Labile
§ 1% g cap NH4F ext Al-P
Gion & 1 ity NaOH ext Fe-, OM-P
:: e Na-acetate ext Sorbed Ca-P
SEM-£05 xaF o 2 s s s Fe-p, HCl ext Detritus Ca-P
R —-ALWTR +ww-u7:wm - SL-AVO-WTR 7?:;: Oxalate ext Residual P

© @ @ Liquid Fertiizer wo P 2

O~O-OSlow Release $
28 | |+ AVO-WTR - Priming

V¥ AVO-WTR No Priming §7

©—© @ Liquid Fertilizer %

Dairy }"1\‘ "

waste streams
—

Height (cm)
\

\
L
Fresh biomass (5)
—E

P-enriched
organic composites

=
/ % Al/O-WTR
go Fe/O-WTR
>

Al/O-WTR Slow release Control

SEM image

Funding: BARD agricultural research and development,
Start: 1/1/2015 Further ResearCh Israel Ministry of Agriculture and EU CEREHA (Centre of

End: Open-ended Efficient P recycling Fe bioavailability  Eexcellence for Research on Environment, Health and Aging)



Phosphorus efficiency in pigs & poultry:
F’eca5 US | bridging the gaps in the P value chain

(September 2017 — August 2020) http://pegasus.fbn-dummerstorf.de

Project aims

a) Strategies to increase bioavailability, digestibility &
efficiency of plant P in mono-gastric animals

b) Reduce P losses and emissions from pig & chicken
husbandry

c) Technical, policy & governance strategies to minimize P
runoff from soil and enrichment in aquatic ecosystems

P cycle in animal production

Response due to

* Geneticarchitecture
* Husbandry

* Absorption (gut)
* Storage (bone) urine & faeces
* Excretion (gut, kidney)

Feeding
regimen

Response due to
* Hormones
* Epigenetics, transcription

Plant phosphorus

e3aJax3/ainuep

Research areas
a) Animal husbandry
* Feeding strategies (P-conditioning, phytase, pre-
digestion)
» Alternative feed sources (e.g. comfrey, low-phytate
cereals)
* Genetics and gut microbiota affecting the efficiency
of P digestion
* Methods of manure handling

b) Soil systems — characterizing fodder crops &
slurry/manure

c) P lossesto nature and ways to reduce them

d) Reuse options — providing incentives to close the
loop on P

e) Bio-economy model —looking at the economic
gains and losses and environmental impact

f)  Governance and policy


http://pegasus.fbn-dummerstorf.de/

01/2015 — 12/2019

Products:

H;PO, Low Viikinmaki
2 concentration WWTP

of MPs

MAP/DAP (1000 PE)

=z HSY g www.hsy.filRAVITA Paula Lindell RANVITA



Agriculture

Agricultural and Processed Irrigation water

(S) NPK-fertilisers

Water Treatment ssss=p-  Desinfection sy B 7a F1T) T AUET O 8

Re cove ry an d Food Products Recycled fertilisers
Ut|||2at|0n Of ;M ) SN Ammonium sulfate
. 'm Liquid () Nutrient
N utrients ARG TV g Ammonium nitrate
4 | (bio-electrochemical
4 Low Impact FErtilizer " PO Stuite
HTAD crystallisation)
(Hyper- Thermophilic Emmmd  Phosphoric acid
E D Black Water Anaerobic Digestion)
U N 1 [ (L) NPK-fertilisers
6 Solid (5)
IFE g r

June 2017 > May 2021 Toilet flushing o2gflien. Toilet flushing
Consumer goods INDUSTRY Process water
- Domestic wastewater: important
. . . [ Ghent, Belgium: 120 homes % JETS
nutrient carrier not exploited currently I Vigo Span: 3 ofic uldings
- . B Sneek, the Netherlands: 32 homes T —
- Decentralized nutrient recovery from I oo Swedon 320 o — |
wastewater at the source e sl area
"isle
- Improve innovative technologies J\
- Large scale demonstration of nutrients recycling CE|p
- Evaluate impacts on environment, society and ”ﬂ
economy
- Promote acceptance of recycled products U
- Value chain for the recovered products

The Run4lLife project receives funding from the EU Horizon 2020
Research and Innovation programme, under G.A. No 730285.



This project is funded by
the European Union

SABANA : Sustainable Algae Biorefinery for
Agriculture aNd Aguaculture

Sustainable Algae Biorsfinery for Agriculture aNd Aquaculture

12/2016
12/2020

Start:
End:

Feed additives, aquafeed

‘ biostimulants, biopesticides

Demonstrate an integrated microalgae-
biorefinery to produce high-value and low-
value products for agriculture and
aquaculture

accomplishing market and social
requirements

Objectives contributing to nutrient recycling and
management :

Implement large scale microalgae production
recovering nutrient from wastewater and slurry

No use of synthetic fertilizers

Recovery of nutrients contained in wastewater
Recovery of waste CO2 and minimization of
greenhouse gas emissions from wastes (wastewater
and flue gases)

Implementing LCA of the whole model

Assure economic sustainability and market
penetration of final algae products




SaltGae: Algae to treat saline wastewater (0\ SaItG de

Duration: June 2016 - May 2019
20 partners, budget 9,8 M€

Objectives and achieved results.

= techno economicaly viable solution for
treatment of saline wastewater

= 3 DEMO SITES - 3 different WW: Slovenia
(tannery ww), Italy (whey WW), Israel (fish
WW); salinity up to 100 g NaCl/L

= 2 stage AD adapted to salinity up to 50g
Na+/L

= Halotolerant algal-bacterium consortium
selected

;f\ * LCA, LCCA and novel HP pump

i

= Valorisation of effluents: algae based
coatings, filers, animal feed, extraction of

lipids

3rd European Nutrient Event, November 8th - 9th, 2018,

This project has received funding from the European Unien's Horizon 2020 It
Innovation Action programme WATER under grant agreement no 689785 WWWSIEEOREM Rimini (Htaly)

HACROWaler-
162015



SYSTEMIC
©

WWW.systemicproject.eu

SYSTEMIC Coordination: Oscar Schoumans, Wageningen Environmental Research -Horizon 2020
sy

Circular solutions for biowaste Email: Oscar.Schoumans@wur.nl

Systemic large scale eco-innovation to advance circular economy
and mineral recovery from organic waste in Europe (2017 -2021)

circular Solutions for Biowaste

Using existing large scale digesters plants as a technology hub for new
business in recovery & recycling of energy, nutrients and soil improvers

« Advancing TRL (5 2 > 7) at 5 demonstration plants (NI, B, D, UK, It) including
development of viable business cases (leading pioneers)

« Business opportunities for 10 outreach locations (first followers)
« Policy advise to overcome innovation barriers and advancing CE in the EU

s

’ - .,.:’- ‘:
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are :) 9

an essential part of
European Union citizens’ daily lives, and the
chemical sector is also a
Chemistry is in every aspect of our life, even if
often we do not see it.
But, if not properly used and controlled, some
chemicals can pose a severe
threat to the

and

Several specific

are used in a wide range of applications, including
pharmaceuticals,

childcare products, detergents,

lubricants, plastic additives

and flame retardants.

Although there is no conclusive data on their
toxicity for human health and the
environment

that need to be
treated and recovered, or

These intermediates are often categorized as
highly dangerous. Additionally,

in the process needs to be treated
before disposal or recycling and by products
are not fitting with the circular economy
concept

S 8§ )
N
B | sl

Start date:16/07/2015

x

Sviluppo chimica spa

End date:16/07/2019

Set up an and
industrial chemical process;

the production of hazardous intermediaries,
useless by-products and the use of dangerous chemicals for

waste water treatment;
Reduction of in the process

, compared to

the current production process and any need of

Impact on agrochemistry

. This production of insecticidesin EU )
consumes around 1500 MT/y of imported, low sustaifiable
trialkylphosphite.

Inclusion of NH,CI solid phase secondary product  agro
Circular economy concept '

multiple waters strategy—-,

e
agriculture

alternative sustainable and eco-

friendly chemical processes':)we chemical industry.

\



DURATION: Junior Researcher Federico Sambo — Universita degli Studi di Milano

31/12/2019 MAJOR PROBLEMS
T 1) Loss of Soil Organic Carbon = < Soil fertility
- 2) < Level of innovation for the distribution of organic matter in vineyard —> waste of resources

Start 01/07/2016 - End:

el

.. OBJECTIVE 1 : Improve the quality of vineyard soils in terms of soil structure,
{ organic matter content and biodiversity
< OBJECTIVE 2 : improve the organic fertilization distribution systems using VRT

CURRENT SITUATION AL
Periodic monitoring of the vigor and of the GHG emission on 12 hectares, 22.000 fluxes of CO2 Y
recorded; 252 soils(QBS-ar) and 2.300 grapevines analyzed, 84 microvinification carried out

EXPECTED IMPACTS
Upgrade of economical and environmental efficiency of vineyard fertilization:
Reduction of chemical fertilizers, and, in organic vineyards, of organic matter distributed;
Increase the homogenization of vineyards vigor. :
Validation of Soil protection system in 5 pilot contexts(representatives of EU vineyard variability): &%
Reduction of emissions from vineyard soils (10%), of costs (20%);
Increase of the organic matter of the soil (5%), of soil biodiversity (5%).

« N P cise il
imini SR | UNIVERSITA IS N —— P - -
Rimini 09/11/2018 DEGLI STUDI IR 11 AR oot Smo WEST ﬁ B et |
3rd EUROPEAN NUTRIENT EVENT § 4 DI MILANO o= B = a',,,,_ = e Systems puciiRizon BERLUCCHI 20 0N VAR

Macchine Agriceole s



CONSORTIUM

P— ]

Outotec Kemira

\Pilot host: é ’b.l‘“b‘l‘;l‘;ntSP Delta /

vivimMAG

Magnetic recovery of vivianite from
iron phosphate containing sewage
sludge

PRINCIPLE

« Vivianite, Fe(ll);(PO4),, is the main P bearing precipitate in
digested, Fe containing sewage sludge

« Upto 70-90% of all P can be present as vivianite

« Commercial wet magnetic separators can recover the vivianite

\_ from the sludge in pure form Y,

IMPACT

 Opens P recovery from wwtp’s using chemical P removal

«  High potential recovery efficiencies (>50%)

 10-20% reduction of sludge volume expected

* Vivianite can used as such (paint, batteries, Fe-fertiliser) or

\_ transformed in water soluble P fertiliser and FeO for reuse of Fe )

1 m3/h pilot facility at wwtp Nieuwveer, NL

e — . .
=~ Project period: .
— i This activity has received funding from the European Institute of Innovation and
S — wetsus 1/1/2018 _ 1/7/2020 ert Rawl\/latemals - Technology (EIT), a body of the Eu«cpe:m Union, under the Horizon 2020, the EU
Connecting matters Framework Programme for Research and Innovation




REcovery and REcycling of nutrients, TURNing
wasteWATER into added-value products for a
circular economy in agriculture

£ b Wader2 REfwn

01-Jul-2017 — 31-Dec-2020, 15 partners, budget: 7.1 M€

Treating slaughterhouse WW,

- recovering energy and nutrients,

» S e - T s e fertilizers and biostimulants for
o ¥ u -,;_—L ——— | agricultural use.

» Aerobic SBR waterline with
membrane separation

« Fermentation by bacilus subtilis

+ UASB energy valorisation of
sludge

» Nutrient recovery by algae

Demo in Seville, 50 m3 WW daily

-~

3rd European Nutrient Event, November 8th - 9th, 2018,

This project has received funding from the European Unien's Horizon 2020
P nd At www.saltgae.eu Rimi (italy)

Innovation Action programme WATER under grant agreementno 689785
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