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This ESPP SCOPE Newsletter

This Newsletter summarises NERM (Nutrients in Europe Research Meeting), Brussels, April 2024, organised by ESPP
and the RUR-08 Horizon2020 sister projects FERTIMANURE, LEX4BIO, RUSTICA, SEA2LAND, and WALNUT, the RecaP
Project Final Conference, Vienna, June 2024, and the 6 edition of the annual Phosphorus Forum in Tempe, Arizona
State University, February 2024, organised by the Sustainable Phosphorus Alliance and the STEPS Center.
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NERM (Nutrients in Europe Research Meeting)

16-17
. / April
2024
NERM 2.24
/ Brussels
® ‘o & hybrid

More than 150 participants attended the NERM (Nutrient
in Europe Research Meeting) conference, organised by
organised by ESPP and the RUR-08 Horizon2020 sister
projects FERTIMANURE, LEX4BIO, RUSTICA,
SEA2LAND, and WALNUT. This follows on from
PERM5 (the 5" Phosphorus Research in Europe
Meeting, SCOPE Newsletter n°® 143).

Summaries of previous PERMs

PERMA4, online, June 2021, 370 participants,

with Biorefine, SCOPE Newsletter n°141

PERM3, Rimini, November 2018, with Smart-Plant,
ESPP eNews n°28

PERM?2, Basel, October 2017, with Phos4You SCOPE
Newsletter n°126

PERM1, Berlin, 2015, conclusions published by the
European Commission, summary in SCOPE Newsletter
n°111

The conference discussed key outcomes of recent
nutrient recycling R&D projects under Horizon 2020,
LIFE, Interreg and other programmes, nutrient recovery
technologies and recycled fertiliser production, quality,
application and use, stakeholder acceptance of secondary
fertilisers, path from nutrient recovery to market and
future R&D needs.

Slides from the conference, list of registrants with emails (where
authorised) and recordings of hybridised sessions have been sent to
all registrants.

Robert van Spingelen, ESPP President, opened the meeting
and introduced the coordinators of the five Horizon2020
projects funded under the RUR-08 call that jointly organised
the conference with ESPP:

e Fertimanure, Laia Llenas Argelaguet (BETA Techno-
logical Center (UVIC/UCC)): “Innovative nutrient re-
covery from secondary sources — Production of high-
added value FERT lisers from animal MANURE”.

e Lex4bio, Kari Ylivanio (Luke): “Optimizing Bio-based
Fertilisers in Agriculture — Knowledgebase for New
Policies”

e WalNUT, Francisco Corona (Fundacion Cartif): “Clos-
ing waste water cycles for nutrient recovery”

e Sea2land, Miriam Pinto (Neiker): “Producing ad-
vanced bio-based fertilizers from fisheries wastes”

e Rustica, Tessa Avermaete (KU Leuven): “Demonstra-
tion of circular biofertilisers and implementation of op-
timized fertiliser strategies and value chains in rural
communities”

® 169y
April

NERM 2.24 2024
® ®

Brussels
& hybrid

Context
EU R&I on nutrient recycling and managing

Luis Sanchez Alvarez, European
Commission, Directorate-General for
Agriculture and Rural Development
(Research and Innovation), provided an
overview of EU initiatives on nutrient
management and recycling. The Common
Agricultural Policy (CAP) aims to
/ contribute to the EU Farm to Fork Strategy
targets of reducmg nutrient losses by 50% and fertilizer use by
20% by 2030. Initiatives include promoting organic waste
recycling into renewable fertilisers and supporting informed
decision-making by farmers. From 2014 to 2022, 90
Horizon2020 projects (funded with €623 million) and 26
Horizon Europe projects (€129 million) focused on nitrogen
and phosphorus cycles, fertiliser production, nutrient pollution
reduction, and efficient agricultural use. The Horizon Europe
Strategic Plan for 2025-2027 continues to support sustainable
fertilizer use, particularly in Cluster 6. Additional instruments
include the EU CAP Network, PRIMA (Partnership for
Research and Innovation in the Mediterranean Area), the
Circular Bio-based Europe Joint Undertaking, the EJP Soil,
and the "A Soil Deal for Europe" mission (see SCOPE
Newsletter n°150). Projects funded under the Horizon Europe
Cluster 6 support research and innovation on nutrient budgets
in agriculture and the environmental impacts of alternative
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fertilising products, among others. To facilitate adoption of
research outcomes, Mission Soil living labs (groups of 10-20
sites) and lighthouses (individual exemplary farms) are being
established for co-creating and testing new technologies
adapted to local conditions and showcasing good practices.

Societal impact of publicly funded
circular bioeconomy projects

Ana  Sofia  Brandao, Instituto
Politécnico de Braganca, explained that
the circular bioeconomy is based on
circular economy principles, focusing on
efficient biological resource use. To assess
the benefits of circular bioeconomy
research, leaders of 11 EU-funded projects
(Horizon2020, FP7, and Interreg)
completed within the last two years were
surveyed. The aim was to evaluate the social, environmental,
and economic short, medium, and long-term benefits. Spain
emerged as a leader in coordinating and participating in these
projects, likely due to its bioeconomy and circular economy
strategies and its network of sustainability-focused entities.
The survey showed, in the project leaders’ view, that these
projects mainly deliver short- and medium-term social
benefits, such as knowledge sharing, collaborative learning
and capacity building. Intended long-term benefits, such as
policy development, network development and economic
market dimensions were cited but not clearly evaluated, while
environmental benefits were less frequently noted. Therefore,
capacity building, community empowerment, networking,
policy development, and sustainable business practices should
be prioritised in designing new circular bioeconomy projects
to ensure lasting impacts.

ESPP comments that this analysis is based on the project
leaders’ self-assessment. Independent evaluation does not
seem to be made of impacts of projects on e.g. policies or
markets, a year or several years after the project completion.

Nutrient recovery technologies

Laia Llenas Argelaguet, BETA
Technological Center (UVIC/UCC),
summarised key outcomes of the H2020
Fertimanure project, which aimed to
recover valuable agronomic products such
as mineral fertilisers, organic amendments
N and biostimulants from animal manure.
Various technologies were used for the

valorisation of pig slurry, cattle manure, and poultry manure
to produce bio-based fertilisers. These fertilisers, produced
through physical, thermal, chemical, or biological processes,
can be used directly in fields or as raw materials for tailor-
made fertilisers production. Eighteen bio-based fertilisers
were produced and agronomically tested in laboratory and
field conditions across 14 locations and 10 crops. Results

showed similar crop yields and environmental impacts
compared to synthetic fertilisers, including nitrate residue and
greenhouse gas emissions. Life Cycle Analysis (LCA)
indicated lower impacts on global warming potential,
freshwater eutrophication, and ionising radiation. However,
electricity and chemical consumption were significant impact
hotspots. Techno-economic LCAs revealed that pilot plant
costs outweigh returns over 20 years, partly due to low
revenues from bio-based fertilisers. Optimising on-site energy
production and automating activities could improve net cash
flow, and cooperative business models could facilitate
industrial-scale transition. Stakeholder analysis showed farmer
willingness to try bio-based fertilisers, but emphasised the
importance of fertiliser form, price, safe use (in terms of
pathogens), and rate of nutrient release. Most respondents
were unwilling to pay more for bio-based fertilisers than
mineral fertilisers. Barriers to uptake identified included
financial (high capital requirements, lack of specialised
financing), market (price volatility, unclear market pathways),
and regulatory issues (strict inspections, uncertainties).

Implementation and adoption of nutrient
recovery technologies

A panel moderated by Sergio Ponsa (BETA-UVIC),
including Oscar Schoumans (Wageningen University and
Research), Ludwig Hermann (Proman), Lennert Dockx
(Aquafin), and Javier Martin Sanz (Veolia), discussed
challenges hindering the implementation of nutrient recovery
technologies:

¢ Investment and financial challenges: investors find the
long-term nature of nutrient recycling projects
unattractive, making it difficult to secure funding, but
moving from pilot to full scale requires high-risk
investments, incentives, and social acceptance.

e Indirect gains as environmental benefits, resource
recovery, and reduced reliance on virgin materials could
make business models viable if they were monetarised.
Legislation is needed to support this shift.

e Manure nutrient recovery, despite significant potential,
is often not implemented because of cost.

e  Sewage sludge treatment costs are mostly covered by
citizens (water users). The EU Water Framework
Directive (art. 9.1) specifies the “polluter pays
principle”, reflecting art. 191(2) of the Treaty on the
Functioning of the European Union. The revised Urban
Waste Water Treatment Directive establishes (art. 9)
“Extended Producer Responsibility” (EPR) for tertiary
removal of pharmaceuticals and cosmetics and
specifieds (art. 30) that the widening of EPR to
microplastics and PFAS will be evaluated.

e Slaughterhouse residues face regulatory challenges due
to current practices and safety uncertainties.

e Fertiliser emissions mainly occur during field
application, complicating the assessment of nutrient
recycling sustainability.
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e Technologies that recycle nutrients and other elements
like Fe, Al, and metals are more likely to be viable if
these are recovered in an economically marketable
form.

e Another challenge is related to the low concentration of
nutrients in secondary streams.

e There is a need to link stakeholders, including
policymakers and end-users, with potential
technologies.

e Technologies should match regional nutrient demands,
product types, and available waste.

e Farmers and end-users are particularly interested in
nutrient recovery where excess manure is a problem.
They seek evidence of agronomic benefits,
sustainability, and profitability, alongside incentives to
offset implementation risks.

e Recovery technologies should complement existing
wastewater treatment or energy recovery processes.

e Addressing market acceptance, pricing, legal aspects,
and reducing operational (OPEX) and capital
expenditures (CAPEX) is crucial for sustainability and
efficiency.

Overall, aligning technological capabilities with market
demands, financial incentives, and regulatory support is key to
advancing nutrient recovery technologies.

Summaries of parallel sessions
Nutrient recovery from manure

Boris Jansen, UVA, rapporteur
Session moderated by Xialei You, LEITAT

Results from the FERTIMANURE pilot plants:

e The Spanish pilot plant treated pig slurry and poultry ma-
nure to produce five different recycled fertilisers. The pi-
lot obtained satisfactory recovery yields but low mass ef-
ficiency (% of inlet transformed into fertilisers with ac-
tual value). The obtained fertilisers are compliant with
EU Fertilising Products Regulation criteria (CMC and
PFC), although some products need to be further concen-
trated and P-rich ashes and phosphoric acid still contain
Zn and Cu. The technological configuration was not eco-
nomically feasible for the liquid fraction, while for the
solid fraction it is feasible for > 5.000 heads’ livestock
farms.

e The Belgian pilot (see Site Visit description below) fo-
cused on the production of on-farm ammonium nitrate
and ammonium sulphate from manure. Trials showed
that intensification of the treatment train can reduce over-
all costs by 10%, while increasing the circularity and sus-
tainability of manure management.

e The Dutch pilot (digestate liquid-solid separation with
ammonia striping on the liquid fraction) focussed on the
economic feasibility of nutrient recovery from cattle

manure at the farm level. According to the farmer, the
products (ammonium sulphate solution, liquid K ferti-
liser, soil conditioner and organic P-rich fertiliser) meet
with requirements at farm and for other farmers; the var-
iation in composition of the products over time is small;
the farmer became less dependent on mineral fertilisers;
the produced ammonium sulphate is as good as synthetic
mineral fertilisers; biogas is important to make a strong
business case.

Other processes:

Vivianite (iron(Il) phosphate) precipitation (see SCOPE
Newsletter N°138): The presence of organics in pig ma-
nure poses challenges to vivianite precipitation and P re-
moval. Alkalinity is also hypothesised to be an important
factor, explaining the differences in vivianite formation
in digested manure and raw manure (more efficient in the
latter) (Wetsus).

Use of manure digestate for growing algae: the high am-
monia content of digestate can cause toxicity to algae
cells, but was reduced at pilot scale through the installa-
tion of artificial lights and an automatic pH control via
CO; injection together with a fed-batch approach. Once
the cultivation protocol was optimized, algal growth on
digestate was similar to algae grown using commercial
mineral medium (Ghent University).

The NOVAFERT project database of available nutrient
recovery technologies and derived products in the EU was also
presented, including the methodology to create it.

Wastewater and sewage sludge

Sophie Schonfeld, FRAUNHOFER, rapporteur
Session moderated by Fernando Burgoa (CARTIF)

Innovative approaches for wastewater treatment and resource
recovery were presented:

Ammonium sulphate production from urban wastewater
with a two-step technology was demonstrated with more
than 400 L of wastewater. The process used ammonium
adsorption/desorption with zeolites, recovering 78% of
the NH4*-N and converting 91% of the recovered N into
purified 0.7% w/w ammonium sulphate solution =
0.15% N w/w (WalNUT project).

Nitrogen recovery from municipal high-rate activated
sludge effluent via column adsorption with natural zeo-
lites, generating N and K-rich outputs. The N-saturated
zeolites contained 0.1 — 0.8 % FW NH4*-N and 1.5 — 25
% K* FW. ESPP note: for comparison, the EU Fertilis-
ing Products Regulation requires minimum e.g. 10% N
or 5% K (6% K,0O) under PFC1-C-l-a-i. The effluent
from zeolite regeneration contained 0.06 — 0.8 g N/kg and
around 14 g K/kg, which could be diluted with water for

fertigation (WalNUT project).
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Phosphorus recovery as iron or aluminium phosphates at
the tertiary treatment phase of a 1000 p.e. pilot and a full-
scale wastewater treatment process (200 000 p.e.)
through post-precipitation with aluminum or iron. Then
possible processing for phosphorus extraction for the
chemical industry, see the RAVITA process in SCOPE
Newsletter N° 138 (Helsinki Region Environmental Ser-
vices).

Wet chemical phosphorus extraction from sewage sludge
ashes collected from cyclone downstream of fluidised
bed incinerator and co-precipitated with Mg-rich mining
by-products. The process was optimized to achieve good
extraction (>85%) and overall recovery efficiency
(>80%), resulting in magnesium-phosphate compliant
with EU FPR (PHOSTER project).

Removal of PFASs and associated organic fluorine dur-
ing sludge-char production from sewage sludge pyroly-
sis. PFASs and organic fluorine were removed at temper-
atures above 400°C (Prague University).

Other nutrient streams and technologies

Veronica Santoro, ESPP, rapporteur
Session moderated by Andrea Bauerle, University of
Hohenheim

The session presented different technologies to recover
nutrients and other materials for diverse uses and products.

Production of N-rich microalgal bio-based fertiliser from
tuna cooking brines. A non-photosynthetic microalga
was grown on these brines (characterised by high salin-
ity, fats, suspended solids, and organic matter), and sub-
jected to enzymatic hydrolysis, producing a fertiliser with
0.6% (wi/vol) total N and containing amino acids and
other nutrients. The process removed 100% of free amino
acids and organic carbon from the brine and reduced the
medium's disposal cost by 90% (Sea2Land project).
Recycled liming agents from mollusc shells: incubation
trials suggests similar pH corrective power to CaCOs.
Field trials in Northern Norway are ongoing (Sea2Land
project).

Lake restoration through sediment removal and phospho-
rus recycling using biodegradable polymeric substances
for flocculation and dewatering (University of Southern
Denmark).

Valorisation of iron-based waste materials, such as arc
furnace dust from the steelmaking industry. Materials
were functionalised to increase P adsorption capacity,
and can be used as adsorbents for phosphorus removal
(Agh University, Poland).

ESPP comment: further work would be needed to demon-
strate possible valorisation of the resulting material:
contaminants ? crop P availability ?

Use of additives, such as kieserite (MgSOa), to increase
phosphorus partitioning to the solid phase of digestate

during solid-liquid separation. Under the tested condi-
tions, this led to a 20% increase in P partitioning in the
solid phase (University of Hohenheim).

Extraction of phosphorus from solid sources through a
non-aqueous liquid-phase process. This method produces
pure phosphorus compounds for the chemical industry
and agriculture, using inputs like bone-meal ash, sewage
sludge incineration ash, fish bone ash, and vivianite (Sin-
fert, University College Dublin, see ESPP eNews n°87).

Conclusion:

e Most presented processes are at the laboratory or pilot

scale, and their economic feasibility for large-scale im-
plementation needs further investigation.

Common concerns include possible contaminants such as
heavy metals or microplastics in the products.
Compliance with legislation and market value of these
products are key considerations.

Farmers are interested in alternative solutions not only
for fertilisation, but also for soil pH correction (soil “lim-
ing”).
|

Bio-based fertilising products

Silvia Maltagliati, European
Commission, Directorate-General for
Research and Innovation (Healthy
Planet), provided an overview of bio-
based sector research opportunities funded
by Horizon Europe (Pillar 1I), under
Cluster 6 ‘Food, Bioeconomy, Natural
I Resources, Agriculture and Environment’,
and the Circular Bio-based Europe Joint Undertaking, a €2
billion partnership between the EU and the Bio-based
Industries Consortium. A key objective of the research
programmes of the latter is to upscale demonstrations to higher
Technology Readiness Levels (TRLs). To this aim, flagship
projects, reaching TRL 8, involve industrial installations and
the entire value chain (producers to end users, including local
governments and authorities), demonstrating replicability. The
work programmes of Horizon Europe Cluster 6 and the CBE
JU have been based on the analysis of previous R&I projects
and the identification of gaps and challenges to deploy safe and
economically  viable bio-based alternatives to the
‘conventional’ fertilisers, taking a holistic approach to nutrient
recovery including the environmental impact of nutrients and
better economic incentives to reduce agricultural nutrient
overuse. The Horizon Europe 2021-2024 Programme funded
projects to maintain nitrogen and phosphorus flows within safe
ecological boundaries, including nutrient recovery from
secondary raw materials, through initiatives like Norbaldt
Ecosafe, NEW Harmonica, NAPSEA, Novafert, and FerPlay.
Future calls should compile information on these technologies
to create a database of best practices and demonstrate a
regional multi-actor approach involving local governance,
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civil society, farmers, industry, and research. In 2024, two new
calls from the Circular Bio-based Europe JU will focus on
"Sustainable, bio-based alternatives for crop protection™
(€10M, 2 projects) and "Bio-based materials and products for
biodegradable in-soil applications" (€15M, 2 projects). The
next Horizon Europe and Circular Bio-based Europe JU Work
Programmes will be published at the end of this year,
continuing support for research and innovation.

Kari Ylivainio, LUKE and LEX4BIO,
discussed nutrient flows in the EU and the
potential of bio-based fertilisers. In 2021,
the EU used 1.1 Mt of P and 9.8 Mt of N
fertilisers, and in 2016 imported 1.0 Mt of
P through food and feed. Nutrient-rich
side streams such as manure, municipal
biowaste, sewage sludge, and food
industry waste contained 1.7 Mt of P and 9.7 Mt of N in 2020.
Manure, the main side-stream, is mostly used locally. Regions
with high livestock density, such as Belgium and the
Netherlands, have significant surpluses of manure-based N
(over 200 kg/ha) and P (50 kg/ha), leading to N leaching and
NHs; emissions exceeding 50 kg/ha. Eastern Europe, in
contrast, has negative balances. Currently, manure is often
recycled sub-optimally. Sewage sludge and other side streams
are less used in agriculture in some countries due to perceived
lower agronomic efficiency and potential contaminants.
However, these streams can be sources for bio-based
fertilisers, which have high carbon content and can enhance
soil productivity and carbon sequestration. LEX4BIO found
that nutrient-rich side streams could potentially meet 86% of
the EU's phosphorus fertilisation needs. ESPP comment: this
appears to be based on the total P present in secondary
sources (that is, ignoring that much of the P in manure or
sewage sludge already today is recycled to fields) and on the
“theoretical” crop needs (not on P-fertiliser consumption),
see Lex4Bio report, page 8. Despite the Fertilising Product
Regulation (FPR) providing a legal framework for bio-based
fertilisers, farmers face barriers like low nutrient
concentration, high  transportation  costs, specialised
equipment needs, and imbalanced nutrient ratios. Other
concerns include unknown agronomic efficiency, variable P
solubility, organic contaminants (PCBs, PAHs, PFAS,
pharmaceuticals, pesticides, plastics), heavy metals, and risks
of antimicrobial resistance. To increase acceptance, bio-based
fertilisers must ensure consistent agronomic performance
across EU climates, be economically viable, and pose no
environmental or health risks. All these potential obstacles for
using bio-based fertilisers as replacement for mineral
fertilisers were studied in LEX4BIO project. Furthermore, a
clear legal framework for their production and use is essential.

Path to market of bio-based fertilisers

A panel moderated by Robert van Spingelen (ESPP) with
Ignasi Salaet (FERTINAGRO Biotech), Ana-Marija
Spicnagel (IPS Konzalting), Else Buinemann (FiBL), Erik

Meers (UGENT), and Daniel Egas (BETA Technological
Center (UVIC/UCC)) proposed several conclusions:

e Dbio-based fertilisers can offer crop fertilisation as good
as mineral fertilisers, depending on the processing, but
application can be more complex.

e Better data is needed on the environmental impact of
production and application (LCA data).

e  More testing is also needed on how biostimulants can
improve agronomic performance of recycled and
organic fertilisers.

e Considerable quantities of secondary nutrient are
already today recycled to fields, both through manure
and sewage sludge use, and in commercial organic and
organo-mineral fertilisers. Nonetheless, significant
potentials remain for increasing nutrient recycling, from
improved manure application and recycling of
underused or developing secondary nutrient streams
(e.g. food wastes, aquaculture sludges).

e Asignificant challenge is costs of decentralised
processing (small-scale), distribution and transport. The
mineral fertiliser industry, blenders and wholesalers can
provide logistics, storage and distribution networks.

e Another challenge is reliability of supply and quality of
secondary nutrient materials.

e Certified Organic farming in Europe needs to increase
nutrient inputs to increase production, but without
facilitating intensive livestock production (manure from
“factory farming” is excluded). Struvite from municipal
wastewater was authorised for Certified Organic
farming in 2023. With many new products under
development, the decision procedure for recycled
nutrient products, addressing proposals one by one, is
too slow.

e Participants did not agree on whether bio-based
fertilisers need market subsidies. Proposals included
funding carbon benefits of recycled fertilising products
through the CAP.

Summaries of parallel sessions
Results from sister projects

Kimo Van Dijk, Wageningen University & Research
(WUR), rapporteur
Session moderated by Cagri1 Akyol, University of Gent

Some 100 field trials, pot trials and laboratory extraction tests
of bio-based fertilising products were presented, carried out by
the four Horizon 2020 projects (Lex4Bio, Sea2land,
Fertimanure and Rustica). Overall, most recycled materials
tested provided good agronomic performance, often supplying
nutrients progressively over more than one year.

Struvite showed the highest agronomic performance, equal to
commercial mineral phosphate fertilisers. Recovered
ammonium sulphate showed equivalent nitrogen availability
to commercial nitrogen fertilisers (as is to be expected).
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Pyrolysis and organic materials showed lower phosphorus
availability at just over half that of commercial fertilisers.

Input materials to recycling processes will define phosphorus
content, whereas nutrient availability depends considerably on
the recovery process.

The projects showed that attentive formulation is necessary for
fertilising products using recycled products with lower
nutrient availability, in order to deliver products adapted to
crop needs.

The limited testing carried out suggests that atmospheric
nitrogen emissions in use of the bio-based fertilisers is similar
to that from mineral fertilisers.

Where quality products are produced, then financial incentives
are not needed for uptake by farmers, but the price must be
competitive with mineral fertilisers, including logistics and
transport costs which can be higher for recycled or organic
materials.

Fertiliser production from fish sludge (aquaculture waste) is
technically ready today. With marine aquaculture sludge, a
question is salinity, but this is not a problem in North / West
Europe, with rainy climates.

Nutrient budgets

Nagore Guerra Gorostegi, BETA Technological Center
(UVIC/UCC), rapporteur
Session moderated by Daan Kuiper, Cropeye

This session also showed agronomic testing of recycled
fertilising products, again showing agronomic performance
comparable to mineral fertilisers, but depending on secondary
input materials, processing and soil conditions. Estimates of
secondary nutrient flows suggest significant potential for
replacement of mineral fertilisers, especially for phosphorus.

Globally, nitrogen, phosphorus, and potassium found in
human and poorly-utilised livestock excreta (i.e., needing to
be transported beyond a distance of 10 km to be efficiently
applied to the field) represent, respectively, 16% (x 7%), 8%
(£ 9%), and 14% (+ 6%) of crop and grassland needs. A large
proportion of these surpluses accrue in European countries that
currently consume significant amounts of mineral fertiliser.

Nutrient surpluses and deficits at national scale, as identified
in LEX4BIO, underline the importance of optimising
interregional and transboundary exchanges of nutrients to
address these nutrient imbalances. It was also concluded that
the broad and growing spectrum of available bio-based
fertilisers ensures that different - sometimes conflicting - aims
(crop yield vs. soil health) can be achieved.

Analysis of bio-based fertilisers presented, showed that
contaminant levels vary depending on input material and
processing, but are generally low.

Modelling of nitrogen and phosphorus losses with bio-based
fertilisers suggests that phosphorus leaching will generally be
lower than with mineral fertilisers (because the recycled
products show lower water solubility). Nitrogen losses can be
reduced if bio-based fertilisers are applied below legal
application limits, but this results in some crop productivity
loss. Use of organic nitrogen sources up to crop nitrogen needs
can result in increased nitrogen losses, because some of the
nitrogen will be released progressively after the crop has been
harvested. In all cases, good information on the properties of
the bio-based fertilisers is necessary for appropriate
management.

Sustainability, market and acceptance

Jeroen  Buysse, University of Gent,
Session moderated by Alicia Gonzalez, Cetaqua

rapporteur

This session included a number of studies of environmental
impact and social acceptance studies on bio-based fertilisers.

The Life Cycle Analysis (LCA) studies concluded that bio-
based fertilisers with less processing had lower environmental
impacts, but this does not take into account crop nutrient
efficiency, nutrient losses in use, which could be expected to
be lower with a more refined product.

Social acceptance surveys show that farmers expect to pay a
lower price for bio-based fertilisers than for mineral fertilisers
(if the recycled product is less refined) and have concerns
about possible contaminants. Ease of use (i.e. forms that
require  no purchase of new machinery) and
guaranteed/certified nutrient content are also major concerns.

Economics of nutrient recycling are found to be largely driven
by the “gate fee” (price paid by waste operator or livestock
farmer for disposal of waste or manure) and by logistics.
Where nutrients can be used locally, minimum processing
offers the cheapest solution and the best LCA.

A study by PROMAN estimated that recycling phosphorus
from municipal sewage in Europe could potentially cover c. 10
—20% of phosphorus needs of grain cereals (wheat, barley, rye
only, not other crops) in Denmark, Germany and Spain. This
estimation does not take into account nor that significant
amounts of sewage sludge are currently today spread to
agriculture, so already recycling the phosphorus.
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Adoption and impact of the R&D results
From R&D to farmer information

Margarida Ambar, EU CAP Network
Support Facility for Innovation and
Knowledge exchange | EIP-AGRI,
presented the connection between
Agricultural Knowledge and Innovation
System (AKIS), EIP-AGRI and the

: networking activities of the EU CAP
Network in respect to innovation and knowledge exchange.
The aim is to foster knowledge exchange between farmers,
foresters, researchers and all other relevant actors in
agriculture and rural areas. Besides several activities and tools,
this goal will be supported by a project database, bringing
together the outcomes of around 3000 Operational Group
projects to date, 500 research and innovation projects
including Horizon multi-actor projects. Over 1000 of these
projects address nutrients, amongst other themes.

Peter Rakers, Esset Engage, summarised
the EU-FarmBook project. This will
develop an online information platform to
provide information on R&D outcomes,
including text documents, videos and
other tools, for farmers, foresters and
advisors. This will provide a permanent
access to R&D project outcomes, which
currently often “disappear” when the project website is turned
off at the end of the project. Use of metadata should facilitate
finding the required information. EU-FarmBook will focus on
practice-oriented materials of EU-funded projects and EIP-
AGRI Operational Groups. Over time, materials and platform
services will be auto-translated in every EU language.
“Ambassadors” across Europe are facilitating the use of the
platform for contributors and practitioners.

Victor Carbajal, BETA Technological
Center (UVIC/UCC), presented the
Horizon Thematic Network Nutri-Know.
This will communicate outcomes from 12
Operational Groups in which project
consortium members participated. The
aim is to increase the impact of
Operational Groups outcomes.

On-farm and industry implementation

Oscar Schoumans, Wageningen
University & Research (WUR),
summarised  conclusions  of  the
SYSTEMIC project, with 5 full scale
nutrient recycling installations from
manure biogas production, and a
community of 40 further participant

— plants. This showed that technologies are
today operatlonal and proven and applicable large-scale.

Analysis of these plants shows that manure processing and
nutrient recovery from manure are high-risk investments for
farmers. Each site has specific drivers but in general the
objectives are to reduce transport costs for manure disposal, by
optimising local use or exporting nutrients to other regions. In
all cases the economics were negative, and manure
management remains a cost.

Javier Brafas, Fertiberia, presented the
B-FERST project, which aims to define

the conditions for the recycling of
nutrients, mainly  phosphorus and
potassium, in the fertiliser industry.

Mineral and organo-mineral fertilizers
have been developed, combined with
biostimulants and biodegradable coatings,
and their implementation has been tested on a demo scale.
Different biowastes were evaluated for nutrient content,
contaminants, physical handling, and other parameters. A
process for the solubilisation of phosphates from ash (i.e., from
sewage sludge incineration) has been developed and is being
scaled up in a Fertiberia demo facility with sulfuric or
hydrochloric acidification in a thermocoupled reactor to
optimize process costs and recover a soluble calcium
phosphate. Agronomic trials showed that biobased fertilisers
do not always achieve the same crop yields as mineral NPK
fertilizers, although this can be compensated by coating with
biostimulants and coating agents. The biostimulant also has
positive effects on the rhizosphere microbiome, promoting the
abundance and predominance of beneficial bacteria.

Anna Lundbom, EasyMining, presented
the company’s nitrogen recovery process
Aqgua2N, which recovers N as ammonium
sulphate solution (40%) from ammonia-
rich liquors (see SCOPE Newsletter
n°145). The process operates by
precipitating struvite, then redissolving
the struvite using sulphuric acid, so
recycling the magnesium and phosphate back to the N-
recovery process, and recovering the nitrogen as ammonium
sulphate. 95% ammonia removal can be achieved. Life Cycle
Analysis is positive, even without considering N2O reductions
in the sewage works resulting from the N load reduction.
Following successful trials of a 4 m3h pilot with EU LIFE
funding, EasyMining is now looking for financial risk-sharing
for a first full scale plant.

Martin Soriano, Cetenma, presented the
HOOP project, which aims to facilitate
replication of city or regional nutrient
recycling projects:

LIPOR, Greater Porto, Portugal: In 2023,
10,000 tonnes/year of compost (Nu-
trimais) were produced and it has obtained
approval for use in Certified Organic
farming in Portugal, but cannot to date be CE-marked under
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the EU Fertilising Products Regulation (FPR) due to process
conditions (work in progress to overcome this). In addition,
an ongoing pyrolysis project aims to treat compost refuse
and waste streams that cannot be processed in the compost-
ing plant (e.g. invasive plants) for the production of biochar
for agriculture.

Miinster: pyrolysis of green waste and digestate. Currently
under development.

Kuopio, Finland: forestry biomass biochar project.

NERM conference conclusions

The five sister Horizon projects, co-organisers of NERM with
ESPP, made conclusions, with Kari Ylivainio for LEX4BIO,
Laia Llenas for Fertimanure, Miriam Pinto for Sea2land,
Tessa Avermaete for Rustica, and Francisco Corona for
Walnut.

Contaminants and safety

Ensuring food safety, human health and environmental
protection is vital to ensure wider acceptance of recycled
fertilisers, so it is important to assess the various risks
associated with their use.

Organic contaminants in recycled fertilisers were all below the
EU Fertilising Products Regulation limits

Studied recycled fertilisers did not pose a risk of enriching
antibiotic resistance in the soil.

Recycling technologies can reduce contaminants.

Harmonised methodologies are needed for the assessment of
emerging contaminants.

Agronomic efficiency/product quality

Recycled fertilisers show different levels of agronomic
effectiveness. Some are as effective as mineral N and P
fertilisers

Atmospheric ammonia losses in application of recycled
nitrogen fertilisers vary considerably and can be higher than

with mineral fertilisers, but can be very considerably reduced
by soil incorporation.

Path to market

Fertilisers are a significant cost for many farmers, often their
highest operating cost.

Variability of inputs in a circular economy leads to uncertainty
in production costs for recycled fertilisers. The sales price is
however dependent on market mineral fertiliser nutrient
prices, except for high quality specialist application products.

Farmers want reliable, consistent supply.

Production scale and transport are a challenge for recycled
fertilisers.

There are regional variabilities in needs and preferences for
recycled fertilisers, as for mineral fertilisers.

Differences in scale between the production of recycled
fertilisers and mineral fertilisers.

There is today no database on recycled fertilisers, nor indeed
on organic fertilisers, meaning that the market is case-by-case.

Regulatory barriers

Inconsistent regulations between European (EU FPR) and
national fertilisers legislations, in particular for allowed input
materials and labelling requirements.

Clear and recognised (CEN standardised) definitions of “bio-
based” and “recycled” nutrients are needed. As are clearer
definition of agro-industrial and industrial wastewater and
sludge

Nitrates Directive limitations on manure in a processed form
are an obstacle to recycled nitrogen fertilisers.

End-of-Waste is a problem for fertilisers sold under national
regulations (whereas the EU FPR CE-mark confers End-of-
Waste status)

The EU Animal By-Products Regulations limits processing
methods for manure. This should be widened to other methods
which are already tried and tested in different Member States.

EU policies should incite farmers to use recycled fertilisers,
given their nutrient circularity benefits and better
environmental performance.

Future research and innovation needs

Nutrient recycling technology R&D to address: variability in
the feedstock composition, improving product agronomic
quality, ensuring contaminant removal, scale-up (cost-
effective solutions for different treatment capacities), reducing
energy and chemicals consumption.

Sustainability assessment: methodological gaps, need for more
information on long-term effects and on field application,
developing LCA data for the wide variety of recycled
fertilisers (input materials, processes) and for different scale.
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Site visit: Bio Sterco Farm manure processing

NERM participants were able to visit the Bio Sterco Farm manure processing installations, Hooglede, Belgium, a participant in
the Fertimanure project. The farm itself has nearly 5000 pigs. The manure treatment installations were set up in 2008 to treat the
farm’s own pig manure and are also funded by a gate fee for treating manure from other nearby farms, and today have a capacity
to treat 45 000 t/y wet weight of manure. Lorries delivering manure leave filled with treated manure (low in nitrogen, so can be
spread to fields). The treatment process chain is:

1. centrifuge solid-liquid separation. Solid fraction goes to composting

2. part of the liquid fraction goes to ammonia stripping — scrubbing (Detricon process). Sulphuric acid is used for
scrubbing, generating ammonium sulphate solution. Nitric acid has been used on this installation in the past, gen-
erating ammonium nitrate.

3. liquid fraction (partially treated by stripping-scrubbing) goes to biological nitrification — denitrification, enhanced
by oxygen injection.

4. treated liquor then goes to a large surface holding pond, chemical phosphorus precipitation if needed and then a
1,2 ha artificial wetland, before discharge to a stream. The holding pond ensures that the artificial wetland and the
receiving stream can accept the discharge, depending on weather.

The Detricon ammonia stripping and recovery process (see SCOPE Newsletter n°149) does not require caustic chemical dosing.
Ammonia is driven off into air by temperature (55°C) and enhanced by driving off CO, which increases the pH. The ammonia
is transported by internally recirculated air flow and is then recovered by passing this air through the acid scrubber, after which
it is reused thus eliminating an emission point. If sulphuric acid is used, ammonium sulphate up to c. 8% N w/w can be obtained.
This is used locally as a fertiliser.

Explanatory video
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RecaP Project Final Conference
The EU Horizon2020 RecaP Andreas Baumgarten, AGES (Austria), discussed the role

GRI-Fgo
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project concluded with a two-day
symposium in Vienna arranged by

z #  Proman Consulting, featuring

£ “ . . - g

%\,' ¥ discussions on P sustainability,
T trade, carbon farming,

R e C d p contaminants, and presentations by

the fifteen RecaP PhD students.

Kasper Reitzel, University of Southern
Denmark and RecaP coordinator,
introduced the project. This four-year
Marie Sktodowska-Curie Action aimed to
train 15 international PhD students,
recruited to 12 different institutions across
six  countries, focusing on the
environmental, agricultural,
technological, and economic
aspects of phosphorus management.

societal,

Helmut  Rechberger, TU  Wien
(Austria), presented an analysis of

phosphorus flow in Austria’s national
system from 1990 to 2015. The analysis
revealed significant changes in P flows
over the vyears. For example, the
application of mineral fertilisers to
agricultural soil decreased, while the
eff|C|ency of recycling in the waste management system
declined due to P losses and use inefficiencies. He identified
15 action areas (such as P recycling from various sources,
waste management, healthy diet, ...) to improve the current
situation, potentially reducing import dependency by 90%,
eliminating the need for mineral fertilisers, and cutting
emissions to water bodies by 28%. This indicates that while
Austria's current use of phosphorus and resource consumption
is suboptimal, there has been some progress in reducing water
body emissions.

of soil organic carbon in nutrient storage and mobilisation. He
noted that soil organic carbon levels in many parts of Austria
are reaching equilibrium due to measures implemented to
increase and preserve it. He also introduced the Carbon
Farming Initiative and carbon certification systems.

Fiona Smith, University of Leeds and
UK Trade Policy Observatory (UK),
explained the impact of trade restrictions
and rules on material flows, using the
World Trade Organization (WTO) as a
reference. She described the WTO’s core
principles of non-discrimination and equal
treatment of trading partners, as well as
regulations at and inside borders, such as
import taxes, sanitary and phytosanitary
measures, technical requirements, and restrictions. WTO
members commit to reducing import tariffs to fixed levels and
can only impose sanitary and phytosanitary measures based on
scientific risk assessments to avoid disguised trade restrictions.
The rules favour the use of duties, taxes, and charges over
quantity limits on imports and exports, with a limited
exception for temporary export restrictions to prevent or
relieve critical shortages of essential products. She highlighted
three problems that could affect phosphorus flows: the
complexity of trade, the intricate supply chains involved, and
the inclusion of carbon-related taxes, including on fertilisers,
in the EU’s list of taxable products.

Markus Freudhofmaier, RWA
Raiffeisen Ware Austria, provided an
overview of struvite from both
commercial and regulatory perspectives.
Struvite can be registered as an EC-
fertilizer (such as Ostara’s Crystal Pearl,
see eNews n°82) and is permitted in EU
organic farming (see eNews n°186) as
well as organic farming in Austria.
Compared to other phosphorus sources used in Austrian
organic agriculture, such as organic fertiliser from chicken
manure and rock phosphate, struvite has a higher phosphorus
content, also contains nitrogen, and offers good plant
availability, albeit at a higher cost. . Struvite, currently
positioned mainly in the organic market as microgranule with
application rates of about 25 kg/ha due to cost considerations,
has a limited market in Austria. Although more than a quarter
of agricultural land is organic, only a portion of this is arable
land. Microgranules, primarily applicable to row crops like
legumes, corn, and sunflower, have potential use on an area of
about 65,000 hectares. If 10% of relevant row crops are P-
fertilized with microgranules, the total addressable organic
market would be approximately 160 tons per year in Austria.
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The market potential would be larger if struvite could compete
cost-wise with traditional phosphorus fertilisers. Furthermore,
expanding the struvite market involves raising customer
awareness of its benefits and encouraging market competition
and innovation through government subsidies for sustainable
fertiliser application and production.

Gabriel Sigmund, Wageningen
University (Netherlands) and Erlend
Sgrmo, NGI (Norway), discussed the
challenges posed by contaminants in
circular  resource  use.  Sigmund
emphasised the increasing registration of
anthropogenic chemicals each year, which
require  management and  safety
assessment, highlighting the global
presence of some, like PFAS, in the water
cycle. He provided examples of
contaminants found in biochar, manure,
compost, wastewater, and sewage sludge,
highlighted source control and the risk to
up-concentrate pollutants in circular use
cases, and mentioned some examples for
quality standards such as the European

4 —~
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biochar certificate. Sgrmo presented findings from the
SLUDGEFFECT project, which focused on contaminant

management in sludge, particularly through pyrolysis. Full-
scale pyrolysis tests at 500 — 800°C showed that PFAS
concentrations in biochar decreased by factors of 10-1000
compared to sewage sludge, with a shift towards longer chain
PFAS as shorter chains volatilised and were trapped in
pyrolysis condensate, along with PCBs and PCDD/Fs.
However, some PFAS were also emitted to the air (0.01-3.1
mg/ton of produced biochar, particularly short chain PFAS).
Heavy metal concentrations in biochar were reduced by
increasing pyrolysis temperature, and again must be captured
from offgas. He also underscored the importance of source
control to reduce sewage sludge contamination.

Veronica Santoro, ESPP, concluded the
session by presenting examples of
recovery technologies and success stories
collated by the European Sustainable
Phosphorus Platform, comparing current
recovery and recycling rates to their
achievable potentials. Examples included
biosolids (treated sewage sludge) reuse in
agriculture, use of P in wastewater to grow
biomass (algae, duckweed, and other aquatic plants), P-
recovery from liquor streams (struvite precipitation), pyrolysis
and hydrothermal carbonisation, P recovery from incineration
ashes (to produce calcium phosphates, phosphoric acid, ...),
and other technologies under development (vivianite
precipitation, ion exchange, adsorption, ...).

The 15 PhD students then presented results from their
research, on capture and recycling of P from wastewater and
freshwater systems, novel P recovery techniques, strategies to
improve crop utilization of P, novel freshwater restoration
techniques, as well as barriers and enablers to policy and
economic transformation to support recycling.
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Phosphorus Forum 2024
Addressing critical issues in phosphorus sustainability
Tempe, Arizona — 21-22 February 2024

3

Around 80 participants met in Tempe, Arizona, for the Phosphorus Conference 2024, organised by the Sustainable
Phosphorus Alliance (SPA) and the STEPS Research Center.

The conference discussed non-point sources of phosphorus pollution across the US, regenerative agriculture

practices and their impacts on phosphorus cycling, status of nutrient standards in the Western States, recovery of
phosphorus from agricultural and domestic wastewaters, innovative phosphorus fertilising products, challenges
and opportunities of precision agriculture and modelling, and the STEPS Center efforts in coordinating actions at
national level to address the problem of phosphorus sustainability, including the 25-in-25 Roadmap.

Slides from the conference are available on SPA website, and recordings on SPA YouTube channel.

Jim Elser opened the conference
presenting the Sustainable Phosphorus
Alliance, a membership organisation that
brings together public- and private-sector
organisations from across the phosphorus
value chain, especially agriculture, water
and fertiliser sectors, to make phosphorus
use more sustainable while protecting the
health of rivers, lakes and oceans.

The phosphorus cascade

m Jana Compton, US Environmental
Protection Agency (EPA), explained the
work of EPA in tracking and quantifying
nonpoint source of phosphorus pollution.
The EPA's National Nutrient Inventory,
published in 2021, tracks anthropogenic
inputs over time, trying to identify the
largest or dominant source of pollution for
different areas. Inputs were measured at 5-
years distance, in 2002, 2007 and 2012.

According to the Inventory (Figure 1), in 2012 the largest
source of phosphorus to the environment in the United States
was livestock waste (1.86 Mtly), followed by farm fertilisers
(1.68 Mtly) and some smaller inputs as human waste (0.27
Mt/y), atmospheric deposition (0.06 Mtly), non-farm
fertilisers (0.04 Mt/y) and pesticides (0.03 Mt/y). The total is
3.94 Mt/y of phosphorus inputs.
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Figure 1: 2012 Phosphorus budget (Mt/y), from Sabo et al. (2021).

In terms of outputs, about half of the phosphorus (2.09 Mt/y)
is removed by crop harvesting and about half (1.85 Mt/y)
remains in the system as a surplus. The highest phosphorus
inputs to 8-digit Hydrologic Unit Codes (HUC8, Subbasin
scale) are related to agricultural regions in the central part of
the country. The phosphorus surplus (difference between
inputs to agricultural systems, e.g., fertilisers, livestock waste,
atmospheric deposition, and outputs, i.e., crop harvest) is fairly
high in most of the country, and increased in the Corn Belt
over time. The largest anthropogenic phosphorus input to
watershed HUCS8 in 2002 was identified to be excreted
livestock manure, while human waste was the largest source
around urban areas, especially in the Northeast, while only a
few areas were affected by atmospheric deposition. EPA is
currently working at a new Nutrient Inventory to be published
early 2025, including more recent data (until 2017) and higher
spatial resolution.

EPA has also developed the National Aquatic Resources
Surveys (NARS) assessing rivers, streams, lakes, wetlands
and coastal water quality, trying to link it to phosphorus inputs.
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In the case of rivers and streams (more than 1.4 million miles
of streams considered), data showed that the largest
phosphorus source is livestock waste (39%), followed by crop
fertiliser (farm fertiliser, 27%), atmospheric depositions (19%,
especially in the Northeast and the Upper Midwest of the US),
and then human wastes/residential fertiliser (15%). In general,
across the 9 USA ecoregions, 60% of the waters measured
between 2000 and 2014 were in poor condition with respect to
phosphorus, 21% in fair conditions and only 19% in good
conditions. According to this same survey, phosphorus
conditions declined in 2013-2014, but improved in 2018-2019,
decreasing the percentage of poor phosphorus conditions from
60% to 42%.

Dr. Compton ended her presentation making some
considerations on the effectiveness of agricultural
conservation practices. According to the CEAP report (2022),
presenting comparisons between the 2003-2006 and the 2013-
2016 time frames, conservation practices are partially working
as surface runoff of nitrogen and phosphorus showed a
decreasing trend, while subsurface leaching increased for both
nutrients in the same period. In areas with high nutrient use
efficiency (e.g. in the Corn Belt, where it reaches 70%), edge-
of-field conservation measures should be adopted, like tile
drain, buffer, restoration of wetlands, while infield
conservation approaches must be adopted in low nutrient use
efficiency areas.

To improve water streams quality in terms of phosphorus,
future research should focus on learning more about
phosphorus deposition, having a better manure management,
tracking phosphorus inputs, outputs, and crop harvest over
time, and trying to connect conservation practices, nutrient
loads and water quality information.

|

Regenerative agriculture and
sustainable phosphorus management

Nathan  Nelson, Kansas  State
University, introduced the principles of
Regenerative Agriculture and explained
how these align with sustainable
phosphorus management. Regenerative
agriculture practices aim at minimising
soil disturbance, incorporating diverse
plant species (through cover crops and
perennial crops), enhancing biological
processes to increase nutrient availability, reducing or
removing pesticides and synthetic fertilisers, and
incorporating livestock (adaptive grazing). Its benefits and
objectives include improving yield, water quality and incomes
for producers, reducing soil erosion and nutrient losses,
increasing biodiversity and recycling of nutrients, and
establishing closer social relationships in agricultural
communities. However, conservation practices trade-offs
present challenges to both regenerative agriculture and
sustainable phosphorus management. For instance, the

practice of no tillage is beneficial in improving soil cover,
reducing soil erosion and total phosphorus losses, but it has
been shown to increase dissolved reactive phosphorus (DRP)
loss, with negative effects on aquatic ecosystems (data from
the MANAGE Database, 2016). Furthermore, cover crops can
reduce soil erosion (up to 60-70%), but the effect on total
phosphorus loss is inconsistent and variable through years (a
mean 15% reduction was observed in a 8-y study), with
negative effects on DRP losses (60% increase in the same
study). Therefore, no-till and cover crops require additional
practices to reduce phosphorus losses. Phosphorous fertiliser
management (rate, timing and placement) can be key to
address these challenges. For instance, spring injected
application can decrease total phosphorus losses by up to 30%
and DRP losses by up to 50% compared to fall broadcast
fertiliser application. These examples highlight how objectives
of sustainable phosphorus management and regenerative
agriculture align but face the same set of challenges.
Additional research is needed to understand soil biological
effects (enzymatic activity, release of organic acids, presence
of soil organic matter) on phosphorus availability and crop
response to phosphorus and to low solubility fertilisers.

Nutrient standards in Western States

Rik Gay, Arizona Department of
Environmental  Quality  (ADEQ),
described the challenges surrounding
nutrient standards in the Western States.
ADEQ is responsible in Arizona for
setting limits for wastewater treatment
plants and other point sources on the
amount of pollutants that can be released
to the environment. Nutrient standards are
more difficult to establish than standards for other pollutants,
as nitrogen and phosphorus are not directly toxic to organisms
but can cause negative environmental effects (e.g., algal
blooms) and hazardous situations (e.g., cyanotoxins). Among
the Western States, the parameters used to establish
phosphorus limits vary a lot, with most States using indirect
criteria such as dissolved oxygen or chlorophyll-a. Only a few
States have total nitrogen or phosphorus numeric criteria of 1
mg total P/l or lower. Some States (Wyoming, Oregon, Idaho)
do not have numeric water quality criteria, but only narrative
criteria such as “shall not cause odour/excessive algal
growth/fish kills”. Arizona has set numeric criteria only for
some water bodies, while other states only apply numeric
criteria to rivers that are direct tributary to a lake. In addition,
there is a disparity between the limits set by ADEQ and those
set by the US Environmental Protection Agency (EPA) in
relation to Ecoregions. In Arizona, the limits for the Xeric and
Mountain Ecoregions are respectively 0.022 mg total P/l and
0.01 mg total P/I, compared to ADEQ limits of 0.20-1.00 mg
total P/I (set in 1984). These EPA Ecoregional limits are often
too low to be realistically achieved due to the high phosphorus
background concentration resulting from atmospheric
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depositions. A possible approach to overcome the described
challenges and develop/refine work plan for numeric nutrient
criteria could be working at watersheds-level for nutrient
loading reduction programmes, setting goals using best
available information, and evaluating the effectiveness of
point source permits. To do this, partnering with Federal and
State agricultural partners is crucial, as well as assessing and
demonstrating the progress achieving load reductions goals
with periodic reports of implementation activities and load
reductions.

Overcoming obstacles to phosphorus
removal from wastewater

Domestic wastewaters

Muriel ~ Steele, Charlotte Water,
described obstacles to phosphorus
removal from municipal wastewaters.
Charlotte Water is the largest public water
and wastewater utility in the Carolinas,
serving more than a million customers in
the City of Charlotte and in the
Mecklenburg County. Five wastewater
treatment plants are currently active, four
of which operate sludge anaerobic digestion with varying
levels of biological phosphorus removal. Phosphorus
discharge limits vary widely among plants, given the different
characteristics of the receiving water bodies, ranging from
0.27 to 1.0 mg P/I. One plant has no phosphorus limits, as it is
located in a different basin than the others, and has a reclaimed
water distribution permit, so phosphorus can be reused through
irrigation. Of the incoming phosphorus to the plants (around
1.5 million pounds, 684 metric tons in 2023), 80% was
removed, while 20% was lost in the effluent. The challenges
encountered in phosphorus recovery are reliability and
consistence of phosphorus removal performance through
biological removal (see summary below), preventing and
managing struvite precipitation in the pipes, reducing the
impact of anaerobic digestion on dewatering of solids for land
application (the goal is 100% land application, but 37% of
sewage sludge was landfilled in 2023), maintaining and

enhancing resource recovery even with increasing water
capacity.

» Doug Call, North Carolina State
University (NCSU), explained the
functioning of phosphorus accumulating
organisms (PAOs) involved in biological
phosphorus removal (Figure 2). Under
anaerobic conditions and in the presence
of a carbon source such as acetate, these
microorganisms take up fatty acids to
build polyhydroxyalkanoates (PHA), a
class of intracellular storage polymers. In

this process, they break up glycogen molecules and
polyphosphates (poly-P) to provide reducing power and
energy, releasing phosphorus out of their cells. Under aerobic
conditions, the reverse process happens: PHA is broken down,
releasing energy that is used to bring phosphorus back into the
microbes’ cells to form poly-P and glycogen.

PAOs

Anaerobic = _ . .- Degraded Aspiic

Synthesized

Figure 2: functioning of phosphorus accumulating organisms (PAOs)
involved in biological phosphorus removal, under anaerobic and aerobic
conditions.

The most well-known microorganisms involved in this process
are Accumulibacter, Tetrasphera and Dechloromonas. Despite
the well-understood behaviour of these bacteria under normal
conditions, uncertainties remain associated with these
microorganisms during instability events or on the reasons for
such instabilities. These uncertainties and instabilities were
recognised as major barrier to the adoption of the biological
phosphorus removal process by a national survey to key
stakeholders of the wastewater sector.

The STEPS center is addressing these barriers through two
different approaches: i) a top-down approach, researching the
nature and origin of instability events by studying the changes
in microbial community structure before, during, and after
instability events; ii) a bottom-up approach, creating a
technical working group with stakeholders to co-create new
knowledge on the causes and response to instability events,
with the ultimate goal of creating a user-friendly tool to predict
and respond to instability events.

Agricultural wastewaters

Jim Wallage, Sustain RNG, explained how the techniques
used to remove manure from the dairy cattle barns can
influence manure treatment and nutrient deposition/
concentration. Dairy barn alleys (where manure is deposited)
can be flushed to remove manure, excessively diluting the
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stream, or scraped, obtaining a more
concentrated slurry stream. Cooling of
cows (during hot periods) can also add
water and dilute the slurry and decrease
phosphorus concentration. Most of the
phosphorus in manure partitions to the
particulate phase and, during anaerobic
conditions, mineralisation occurs. The
resulting orthophosphate still tends to
partltlon to the particulate phase. Technologies to recover the
particles are for instance coarse fibre separation, centrifuge for
smaller particles, flocculation, dissolved air flotation,
evaporation. A big challenge of the dairy sector is that manure
is not a balanced fertiliser in terms of nutrients (N/P ratio is
skewed towards phosphorus). Research gaps to be filled from
a dairy perspective include improving the cost effectiveness of
manure drying, to enable transport outside of dairy regions;
understanding the impact and agronomic value of treated
manure; integrating nitrogen removal processes to balance
phosphorus and nitrogen for a more effective fertiliser;
investigating the conversion of organic to inorganic
phosphorus through anaerobic digestion. More in general,
policy must encourage and support recycling and reuse of farm
generated nutrients.

Brooke Mayer, Marquette University,
discussed the different phosphorus forms
that can be found in wastewater and
manure, and how these forms can
transform and interchange in these
systems. A classification of phosphorus
forms is provided in the figure below
(Figure 3).

A wide range of phosphorus forms can be found in municipal
wastewater effluents. According to EPA ECHO database, one
third of wastewater treatment plants had more than 50% of the
effluent phosphorus in the non-reactive form (NRP, soluble-
and particulate non-reactive phosphorus). Particulate-NRP can
be removed through sedimentation or filtration while, due to
its recalcitrance, the soluble-NRP generally cannot be
removed using conventional recovery strategies, like
precipitation or selective adsorption (Mallick, Brooke Mayer
et al., 2023). One study at lab-scale showed removal of soluble
NRP by granules (filter media) covered with P-selective
binding proteins (Mallick, Brooke Mayer et al. 2022). Soluble-
NRP can also be transformed into reactive forms through
physical, chemical, thermal, biological processes. Among the
available methods, chemical oxidation has been tested against
a wide number of soluble-NRP compounds, both inorganic
and organic. However, other organic substances present in the
medium may compete for oxidation, making this mechanism
difficult to implement. Other tested process were enzymatic
biodegradation via alkaline phosphatase, which can break
down phosphate ester bonds (like in B-glycerophosphate), or
anaerobic co-digestion of municipal waste activate sludge and
dairy manure.

Total Phosphorus
(TP)
|

_______

1 i \
| Reactive P can |
| beremoved !
! and recovered !
_: for direct reuse |
| asPrich
I\ products

F—————————y

_______

Figure 3: different forms of phosphorus (P) in water (from Venkiteshwaran
etal., 2018).

ESPP comment: no data was provided that soluble NRP
represents a significant contribution to environmental
phosphorus losses. The author’s 2023 paper cites only one
relevant paper (Qin et al. 2015) as indicating “26 —81% of TP
in wastewater effluent can be present in the SNRP form”. Qin
et al. in fact indicate “In advanced WWTPs ...(meeting) very
low nutrient levels, most of the ... dissolved inorganic
phosphorus (DIP) in wastewater can be removed, then ...
dissolved organic phosphorus (DOP) could account for
substantial fractions ( ... 26-81% of TP) of the remaining ...
TP in effluents” This is a secondary reference based on other
studies (including Ragsdale EPA 2007 see below) and DOP is
not the same as SNRP.

ESPP notes that SNRP does not seem to be a concern for most
sewage works operators. When very low P-discharge consents
are required, these are achieved by advanced filtration of
particulates (see summary of EWWMC in Scope Newsletter
n°141). AUS EPA report (Ragsdale 2007) states “In advanced
tertiary phosphorus removal processes, effluent recalcitrant
SNRP is expected to be approximately 10 ug/l” [= 0.01 mg/l].
In that low P-discharge consents are an order of magnitude
higher than this (e.g. 0.5 mgP/l / 0.7 mgP/I in the revised EU
Urban Waste Water Treatment Directive, Annex 1), it is
doubtful whether SNRP removal is relevant.

Challenges and opportunities

Speakers discussed about the decision process leading to the
adoption of one or another technology, both from the research
and industry point of view. Doug Call, NCSU, stated that their
interest in biological phosphorus removal is driven by the
stakeholders interest in this removal technology, that allows to
save the cost of chemicals that are used in chemical
phosphorus removal, and make downstream phosphorus
recovery technologies perform better. From the wastewater
industry point of view, the main goal is being compliant with
effluent requirements, therefore the adopted technologies are
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those that allow to attain this goal and at a reasonable cost, as
underlined by Muriel Steele, Charlotte Water. Similarly,
Jim Wallage, Sustain RNG, explained that in the diary sector,
choices are driven by the availability of technologies that can
reduce GHGs emissions and that are proven at full scale.

Industry efforts for
sustainable fertiliser production

A panel of industry experts discussed the efforts of three
fertiliser producer companies in bringing new phosphorus
fertilisers to the market, the obstacles faced in integrating
sustainability in the production process, and emerging sectors
in the phosphorus industry.

Karl Wyant described Nutrien’s efforts

in innovating a standard product as MAP

(monoammonium phosphate) by adding

. micronised sulphur (see below). The main

' ¥ 4 challenge consisted in finding a scalable
technology that could be integrated in

. Nutrien’s MAP production process and,
‘\ : once the product was launched,
\ interfacing with growers, who are
reluctant to adopt a new product unless its behaviour in the
field, handling, and safety characteristics are well-known.
Other concerns regarding sustainability include energy price,
resource availability, and transportation costs, due to recent
rail strikes and low water levels in the Mississippi river and
Panama Canal that affected ship transportation.

Ron Reston, Ostara, explained that the
company runs 26 struvite recovery units
within wastewater treatment plants and
two manufacturing plants, producing in
total around 300 000 tons of Crystal Green
struvite. This product is efficient
compared to commercial phosphate
fertilisers such as MAP and DAP (mono-
and diammonium phosphate), is not
water-soluble but soluble in citric acid and root exudates
(which reduces phosphorus runoff and leaching), and can
increase microbial activity in the soil. Research is still ongoing
with Kansas State and Illinois Universities and other
universities in the US, Canada, and Europe, to define the best
application rate/the right combination with microessentials
and other phosphorus fertilisers, and to understand the extent
of phosphorus P release from the product according to soil pH,
phosphorus level and temperature. A big challenge
encountered by the company was convincing retailers to buy
the product (Ostara does not sell directly to farmers) because,
as already underlined by Karl Wyant, they normally avoid
adopting new products if what they normally use is working
and they do not see a more profitable horizon, and fighting
retailers’ scepticism providing fast and reliable answers to
their questions and doubts regarding the new product.

Adam Herges represented Mosaic, a
company  mining, producing and
distributing millions of tonnes of potash
and phosphates products each year. The
company is committed to sustainability
objectives: 90% of the water used during
phosphorus mining is captured and reused,
as well as the heat produced during the
manufacturing of phosphoric acid. They
are also looking into the possibility to use renewable energy to
produce the ammonia that the company uses for the production
of MAP and DAP. As Nutrien, Mosaic also focussed on the
synergy between different nutrients, with a granular fertiliser
adding zinc and sulphur to MAP. The main concern in terms
of sustainability is the resource availability (sulphur is a
byproduct of oil refinery).

Innovative products and solutions

Karl Wyant, Nutrien, obtained by adding micronised sulphur
to MAP. Micronised sulphur consists of very small sulphur
particles derived from oil and gas refineries, able to go through
the Nutrien’s phosphate fertiliser manufacturing process
illustrated in Figure 4. Sulphur deficiency occurs especially in
the Midwest of the United States, particularly the eastern part
in the Great Lakes region, causing crop yellowing. This
phenomenon has been accelerated by the introduction of the
Clean Air Act, which greatly improved air quality across the
United States by removing the sulphur present in the air
pollution and consequently reducing its deposition.

Phosphate Fertilizer

Figure 4: Nutrien’s phosphate fertiliser production process.

Elemental sulphur, as present in the Nutrien product, is not
directly plant available, but must be oxidised to sulphate ion
(SO4*) by microorganisms, a process depending on time,
temperature and soil moisture, making the product not prone
to leaching (differently from sulphate). The small size of the
sulphur particles increases the surface area available for
microorganisms to oxidise and uptake the element, while the
combination with MAP serves as a reference point for farmers,
who are already familiar with this type of phosphorus fertiliser.
Positive agronomic effects have been observed in a 44-site 2-
years experiment across the Corn Belt and Southern Corn Belt
(+ ca. 1 ton/ha of corn obtained with the Nutrien Fertiliser).
The company has invested lot of effort into explanation of
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product handling and storage to growers, providing application
guidance.

ESPP NOTE: sulphur addition to fertilisers has been around
for more than a decade, see e.g. OCP in SCOPE Newsletter n°
86 (2012).

James Gaspard, Biochar Now, presented
the company’s biochar product produced
from wood, the only one approved by US
EPA for unrestricted use. The biochar
product is characterised by a high surface
area due to the presence of pores (400
m2/g), and has a cation exchange capacity
that electrostatically attracts certain types
of molecules in the soil, air and/or water,
including metal contaminants and nutrients (phosphorus and
nitrogen). The biochar can therefore be used for both nutrient
removal form field runoffs and waterways and for increasing
nutrient availability to plants. When nutrients are adsorbed,
they are bonded to the biochar walls where roots can access
them throughout the growing season. The product has also a
positive effect on soil microbes, that can use it as a support to
grow, and that are protected from precipitation that would
otherwise disperse them.

Steve Levitsky, Phospholutions,
presented the Phospholution product,
launched in the market in spring 2023,
after more than 30 years of study. The
product, a proprietary metal oxide, can be
added directly into the process of
phosphorus fertiliser production, and
works in the soil readily adsorbing and
desorbing phosphorus according to plant
absorptlon of the nutrient. The product has been successfully
tested with over 500 trials, both small and large scale, across
different soil phosphorus levels, giving the same yield with
50% less phosphorus fertiliser when Phospholutions active
ingredient is added. No metal toxicities have been recorded at
the various pH levels at which the product can be used. An
LCA study conducted in 2023 (system boundaries: from mine
to crop harvest, considering manufacturing overseas, shipping
the product to the US and utilising it in the US to grow to corn)
showed decrease of eutrophication potential by 40%, decrease
of carbon emissions by 45%, and decrease in freshwater and
marine aquatic toxicity by 44-46%. Reduction in
eutrophication could also have a positive effect on reducing
methane emission, but this correlation is still under study. The
carbon footprint associated with the proprietary material are
also very low, and the product can be applied only once per
growing season.

Improving precision fertilisation

The session was sponsored by ARVA intelligence, an Al
platform for agronomics and sustainability quantification,
focussed on research, quality, and importance of data.

John Fulton, Ohio State University and
Society for Precision Agriculture, spoke
about the adoption of precision agriculture
and highlighted some of the technologies
today available at the farm level. Variable
Rate Technology (VRT), for instance,
enables growers to vary the rate of crop

inputs such as  fertilisers,  soil
amendments, irrigation water, seeding prescriptions and
agricultural chemicals. Guidance and other precision

agriculture technologies (including yield monitors, VRT,
planter technology, ...) have become standard features on farm
equipment today (Figure 5), and a lot of spatial data are being
collected. These technologies were initially introduced more
than 30 years ago, but current adoption in the US is fairly low
although, according to a recent report, data is becoming more
and more important in driving management decisions and
recommendations, especially in the case of phosphorus and
potassium applications.

In the case of central and North-West Ohio, the adoption of
precision agriculture practices has improved in the last decade
(2022 data), as 75% of the fields are now precision sampled
(with grid or zone sampling), and 62% of the fields apply
phosphorus through VRT, with farmers being heavily reliant
on retailers’ and consultants’ advice. With VRT, application
recommendations from agricultural advisory services are
pivotal to have a good and targeted management.

MAP Rx - 0 to 336 kg/ha Potash Rx - 0 to 336 kg/ha

Figure 5: example of high clearance machine, VRT enabled and provided
with a double bin to spread two products at the same time, connected to
the internet; below: example of prescription maps, for MAP and potash.
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Scott Shearer, Ohio State University,
illustrated  many  other  different
technologies  that  could  improve
phosphorus and nutrient management at
farm level. Some of these technologies are
based on databases of images, that can for
example recognise nutrient deficiency in
different types of crops, even at the bottom
of the canopy, where effect of stresses
emerge first. Many companies (including John Deer, Bosh,
BASF) are providing machines already equipped with
cameras, processors, Al driven apparatus for tillage, irrigation,
spraying nutrients/herbicides/manure, ... These devices are
often internet connected, so guaranteeing connectivity is a
significant issue to address to ensure optimal functioning.
Models are input and trained with the collected data, as well as
with published scientific data.

James Lowenberg-Deboer, Harper
Adams University, highlighted that
variable rate technology is currently being
adopted in niches where it is highly
profitable, but its overall adoption in the
US and worldwide is modest (barely
exceeding 30% of crop area), while other
precision agriculture technologies as GPS
guidance have become standard practice.
Constraints to VRT adoption for nutrients include high cost of
soil testing (around 16$/ha in lowa for grid soil testing) and
resulting low resolution of data, cost of developing
individualised prescription maps, lack of demonstrated value
and reliable farm level benefits (impacts on yields and incomes
are often hard to see or vary depending on year, crop, ...), and
low cost of fertiliser overapplication, as the resulting
environmental damage is not charged. Some technologies such
as the use of soil sensors for lower cost but higher resolution
data, more accurate application equipment, Al to improve
sensor data utilisation, individual plant management and
sensors to measure soil nutrients losses at the farm level could
make VRT fertilisation more cost effective, but this must be
coupled to the implementation of new business models. These
should consider soil fertility and soil health as a service,
include circular economy practices, decision making based on
data rather than intuition and exeperience, and closer farm-to-
consumers linkages, as the interest of consumers in sustainable
production practices can make them willing to pay a premium
which could partly justify the investment in precision
fertilisation techniques. These business models are scarcely
implemented, not only because of farmers’ risk aversion and
resistance to change, but also due to lack of knowledge and
skills, impossibility to access the adequate capital to
implement these technologies, constraint of short planning
horizons (a big part of farmland in the US is rented on a year-
to-year basis, not allowing for a long-term vision),
infrastructure limitations (limited broadband access in rural
areas in the US), regulatory barriers, and social pressures.

Steve  Phillips, Oklahoma State
University and African Plant Nutrition
Institute, highlighted the importance of
accounting for spatial and temporal
variability in precision phosphorus
management, as current  precision
fertiliser management strategies are based
N on old soil testing and analysing
approaches. These tests, used to provide
an index of soil nutrient availability, are two-steps protocols
based on correlation and calibration. This allows to determine
soil levels (very low, low, high, very high), that indicate the
probability of crop response to fertilisation. These methods do
not take into account other chemical, bilogical or physical
parameters affecting soil responisveness to phosphorus
fertilisation, nor other spatial and temporal driver that may
exist in a particular field. A higher resolution (down to 0.5 ha
grid sampling instead of the 10 ha used now) characterisation
of the soil phosphorus levels and plant need, and more
information other than soil test phosphorus are needed to make
a precise fertiliser recommendation relative to plant response
to that nutrient, in addition to the amount of nutrients that the
plant is likely to respond to.

Challenges and opportunities
The four speakers then discussed ways to address the current
challenges faced by precision agriculture:

e The low levels of adoption may be due to a lack of farmers’
training, as many tools are not immediate to understand and
to use: easier tools are needed;

e On the-go sensors and automated machinery can help
reducing the cost and time of sampling, and increase the
resolution of data. however on-the-go sensing is largely not
available for nutrients (except for plant nitrogen
deficiency, see D. Jones in SCOPE Newsletter n°129)

e Information on soil formation and historical soil
management must be kept into account when trying to
understand the response of a soil to fertilisers’ application;

e Currently available soil tests must be matched with other
available data, including yield, soil texture, ...

e Trust must be built with farmers so that they feel
comfortable at sharing their data with researchers and
retailers, as currently farmers fear that the data that they
share will be misused.
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Monitoring and modelling phosphorus
management impacts

The session was sponsored by Verdesian, a medium-size
manufacturer of fertiliser enhancers, biostimulants and other
additives to reduce P losses.

Rebecca Muenich, University of
Arkansas, discussed challenges in model
development:

1. Lack of data: according to the
Water Quality Portal, only 21% of sub-
watersheds is classified as monitored in
the US. Collecting data is a difficult, ex-
pensive and time consuming tasks, and
necessitates a lot of man power.

2. Data privacy and quality: farmers do not feel confi-
dent in sharing their data with modellers, and much of
on-farm data is self-reported and could be based on
memory rather than records.

3. Model uncertainty deriving from uncertainties in data,

model structure, parameters, predictivity.

Difficulty at scaling solutions, as impacts may dampen

or elevate depending on field, farm, practice, ... and de-

cisions at the field scale may not result in impacts at the
watershed scale.

5. Difference between public and private domain mod-
els. Public domain models are characterised by an open-
source code, that can be checked and verified, but up-
dates may not be coordinated. The code of private mod-
els instead is not open source, so updates are at the dis-
cretion of the developer, and there can be privacy issues
with companies using these types of models.

»

There are however different opportunities related especially to
the emerging of new technologies. For instance, machine
learning and Al can be used to estimate parameters, predict
variables (e.g., streamflow, water quality, ...), create/extract
more data and information (through remote sensing and
algorithms).

Eric Coronel presented Field to Market,
a non-profit organisation that helps

and water quality metrics (including duration of P application,
phosphorus management, content of phosphorus in manure).
Field to Market also issues the National Indicators Report, a
peer reviewed report published every 5 years with insights on
GHG emissions trends and other indicators, and is involved in
several projects that directly involve farmers, tech companies,
university educators, NGOs, and sponsors, to collect, elaborate
and correctly use data across the whole supply chain. Dr.
Colonel concluded his presentation highlighting that data are
missing, and that academia should be more active in supply
chain partnership by using models to develop scenarios for
improvement and solve challenges around model validation,
calibration, and uncertainty quantification.

Justin Baker, North Carolina State
University, described how economic
models can be used at different scales to
quantify trade-offs (cost/benefits) of
phosphorus management strategies and
interventions that can help achieve policy
goals, and how they offer insights into
how behavioural factors can influence
phosphorus management choices. The
STEPS Center is currently working on a model to optimise
legacy phosphorus management over time, taking into
account market conditions, input cost and outcome prices,
behavioural factors, and importance of investments in new
information on influencing management choices (for instance
investments in soil sampling). The model was tested at the
farm-scale and results showed that behavioural factors are
often more important than input or output prices, being the
main drivers influencing the willingness of farmers to either
invest in sampling to have access to better information on soil
legacy phosphorus or keep overapplying synthetic phosphorus
as a risk management strategy, influencing in both cases the
dynamics of legacy phosphorus in soil. He also described
sectorial economic models, used to scale up the portfolio of
interventions to a global level. These models capture market
dynamics and trade flows across regions, allow to introduce
spatial heterogeneity in crop production practices and take into
account the effectiveness of different management strategies
with associated economic cost. They are used to improve
modelling of phosphorus consumption in the US and
worldwide.

connecting the supply chain (growers,
industry, retailers and brands) to improve
environmental outcomes. Their
“Fieldprint _ platform” provides an
evaluation of eight sustainability metrics
at the field and farm level, including

4 biodiversity, energy and land use, GHG
emissions, irrigation water use, soil conservation, soil
carbon, and water quality. These metrics are grounded in
science, outcome-based, technology neutral, and fully
transparent. In terms of phosphorus, the information required
are upstream footprint (energy use and GHG emissions
associated with the manufacturing of phosphorus fertilisers)

Challenges and opportunities

A lot of market-based mechanisms are today available to
incentivise nutrient loss reduction (nutrient trading platforms,
ecosystem services market, supply chain sustainability
programmes), all based on models and monitoring strategies
to track outcomes of programmes. In the final panel, the
speakers of the session agreed on the need for more
transparency for collecting data that can help calibrate and
validate models to improve their predictive capacity.
Companies should be more willing to share their LCA data for
their fertilising products, and the information on techno-
economic cost of phosphorus interventions. Another important
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point to consider is the time scale mismatch between
research projects, which receive short term fundings, and the
need for long term solutions. In this regards, the STEPS
Center is fundamental in providing a wider coordination and
to share information to converge to a common aim.

STEPS Center updates & roadmap

Ross Sozzani, North Carolina State
University, presented updates from the
STEPS Center, a NSF (National Science
Foundation) Center for Science and
Technology launched in October 2021 to
address the problem of phosphorus
‘ sustainability. The Center is composed of

10 partnering University and 168
participants, whose vision is to facilitate a 25% reduction in
human dependence on mined phosphates and a 25%
reduction in losses of point and nonpoint sources of P to
soils and water resources within 25 years (25-in-25 vision).
The Center can count on three sites to acquire data and deploy
new technologies: the urban site in Arizona, the aquatic site in
Florida (Everglades) and the agricultural site in North
Carolina. The three major research lines are:

e “Fundamental research that links atomic to micron and
longer land scales”, to study new material for phospho-
rus adsorption, compounds and processes for organic
phosphorus decomposition to bioavailable forms, sensi-
tive and selective solutions for phosphorus recovery,
and innovative phosphorus characterisation instruments
and methods;

e “Demonstration scale research and human interaction
with technology”, to increase plant phosphorus use effi-
ciency, develop in-situ phosphorus sensors for water
streams, demonstrate techno-economic metrics at rea-
sonable scale, integrate material into processes that se-
lectively separate phosphorus from the contaminants,
evaluate selective phosphorus recovery processes;

e  “Utilising data-rich models to advance source and
transport knowledge at a fine spatiotemporal scale”, in-
cluding phosphorus roadmapping (see below), model-
ling, and transferring of knowledge.

The Center engages with the P community through the
Sustainable Phosphrous Alliance and through stakeholder
technical working groups, and

surveys and interviews,
webinars.

Cary Strickland, RTI International,
introduced the STEPS 25-in-25 Roadmap
towards US Phosphorus Sustainability,
published in 2023 (Figure 6), see ESPP
eNews n°79. The goal of the roadmap is to
divide the STEPS vision into Impact
Opportunities and activities or actions to

inspire collective action and stakeholder alignment and
involvement. It is inspired by the existing similar roadmaps,
including the “UK Phosphorus Transformation Strategy” and
“QOur Phosphorus Future”, both released in 2022, by published
research, and by STEPS on-going research. It was informed by

- 80 stakeholders at the Phosphorus Forum held in 2023, who

identified some high level impact areas, and refined by 48
stakeholders working in smaller groups, to define concrete
actions. The roadmap is divided into nine Impact
Opportunities, ranging from optimising phosphorus use in the
field to reducing food waste and increasing awareness among
the general public about the phosphorus problem and
phosphorus footprint. Each Impact Opportunity is the analysed
in terms of short, medium and long-term actions, highlighting
the possible involvement of each stakeholder in each action.
The document is available here.

Panel discussion and conclusions

The Phosphorus Forum concluded with a panel that addressed
and summarised the conference discussions, pinpointed
existing areas of concern, and explored future steps aimed at
enhancing phosphorus sustainability in the US.

Jim Elser, Sustainable Phosphorus
Alliance:
. More involvement of growers’

organisations is needed in the discussion
around phosphorus sustainability

. Diet and especially meat
consumption play an important role in
phosphorus footprint. This topic should
be addressed in more detail in the next Forum, along with
the theme of food waste, aiming for a change in consumer
behaviour regarding diet and wasteful practices.

¢ Climate change will increase the risk of forest fires,
potentially leading to more phosphorus entering lakes and
water bodies.

e The collection of data should be improved and carried out
on a regular basis as part of organised efforts at the federal
and state levels, rather than delegating this responsibility to
citizen science.

Jana Compton, US EPA (Environmental
Protection Agency):

. Lack of data is a significant issue,
but problems with data source
accessibility and data quality control,
particularly concerning water quality
data, also need addressing.

. It is essential to overcome the
tendency of farmers not to share data from their fields.
This data is crucial for understanding, for example, the
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effectiveness of the innovative fertilisers presented during
the conference.

¢ Adopting an interdisciplinary approach is an effective
way for addressing the phosphorus problem. The
conference demonstrated that involving social science,
economics, education, and communication can increase
awareness of the topic and increase both the public and
stakeholders engagement in contributing to solutions.

e US EPA is currently studying the potential airborne effects
of cyanotoxins, that can occur during eutrophication and
algal bloom episodes, and their possible effects on human
and environmental health. They are also evaluating the
costs of water decontamination.

Paul Westerhoff, STEPS Centre and
Arizona State University:

. There is no single solution to
address the issue of phosphorus
sustainability due to the variability of
conditions across the US. For instance,
the variability of phosphorus background

conditions makes certain measures challenging to
implement in some states. These differences should be
considered in the STEPS roadmap, with specific solutions
tailored to specific locations, avoiding negative effects of
generalised solutions that overlook site specificity.

o As demonstrated by the innovative products presentations,
the economic aspect underpins every innovation, and
should be considered alongside the scientific aspect.

o Natural processes that transport phosphorus, like forest
fires, should be studied in greater detail, including
characterising the forms of phosphorus involved and the
resulting phosphorus fluxes.

e It is important to garner public attention for the proper
management of phosphorus and to work towards making
STEPS a point of reference on the topic, capable of
providing prompt responses to phosphorus issues.

ESPP stay informed

SCOPE Newsletter: https://www.phosphorusplatform.eu/SCOPEnewsletter

eNews newsletter: www.phosphorusplatform.eu/eNewshome

If you do not already receive ESPP’s SCOPE Newsletter and eNews: https://www.phosphorusplatform.eu/subscribe

LinkedIn: https://www.linkedin.com/company/phosphorusplatform

Twitter: @phosphorusESPP

Slideshare presentations: https://www.slideshare.net/phosphorusplatform

YouTube: https://www.youtube.com/user/phosphorusplatform
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