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3.4 Social factors

It is important to address the social factors
that are connected to the suggested
recommendations. The vast majority of
phosphorus extracted from PR is wasted in
society and most people are not aware of
the P challenge and its implications
(Withers et al, 2015b). Phosphorus has
multiple benefits such as providing food
security, improving human health and
improving economies (Childers, Corman,
Edwards & Elser, 2011). One of the main
challenges faced in transitioning the P
cycle involves raising awareness on the
need for social change.

Dietary changes, particularly reducing
meat and dairy consumption, can play a
significant role in reducing P losses
(Withers et al, 2015b). Meat and dairy
consumption is culturally ingrained in diets
across most parts of the EU and is generally
increasing. Campaigns and marketing
should support policies on reducing meat
consumption and production.
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Every sector of society will need to accept
the values of sustainability and use
resources efficiently in order to provide
future generations with food, energy and a
healthy and ecologically diverse
environment (Withers et al., 2015). Farmers
are another integral part of society that
have the highest stake in the P system (Yi
Teah & Onuki 2017). Fluctuations in P costs
in the market are likely to occur at multiple
times during the transition to a more
circular system. In 2008 the cost of P
climbed to around 800% above the
previous year (Yi Teah & Onuki, 2017). The
livelihoods of farmers were negatively
affected by this and reduced their quality
of life. Cumulatively, P cost increases could
lead to increases in food prices (Khabarov &
Obersteiner, 2017), creating more pressure
for citizens (particularly with low income)
to feed themselves and their families.

To overcome the global P challenge
multiple stakeholders involvement in
policies and strategies are necessary to
close the loop towards a circular economy.
Only with increased awareness on the
adverse effects of P loss and overuse can
there be a faster transition away from the
current system.
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CHAPTER 4

Discussions

4.1 Litmitations

For our main recommendations, limitations
are identified and discussed in order to
achieve a comprehensive analysis of the
results. This discussion can also guide
future research on the CE.The first
recommendation of implementing an EU
Phosphates Directive aims at reducing
overapplication of P to agriculture land.
However, this recommended policy does
not include suggestions on (1) the design of
Phosphate Vulnerable Zone (2) the
maximum  application standards for
phosphate from manure/synthetic fertilizer
(kg P205/hectare/year) (3) variation of the
application standards in different
regions/periods. In addition, this
recommendation does not suggest
solutions to the potential problems that
the Nitrates Directive (on which this policy
is based) already faces. Further research is
required to formulate a concrete
implementation plan
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of the EU Phosphates Directive and look
into the governance structure in order to
actively involve farmers and other
stakeholders in the forming of the
directive.

For the recommendation of increasing the
percentage of secondary P in fertilizers and
feedstock, the 90% goal is not a precise
estimate but serves as an incentive for the
secondary P market. Due to the limited
time of the project, it is unrealistic to
perform a precise quantification, which will
require intensive investigation. Apart from
the 90% goal, this recommendation does
not include a concrete implementation
plan or monitoring procedure for the
transition of fertilizer companies. Nor does
it suggest any incentive or support for this
transition procedure. Further studies are
needed to investigate these aspects.

In terms of removing the legislative hurdle,
streamlining the registration process will
require innovation and improvement of the
EU system. More research is required to
design a streamlined registration process
and an evaluation of the new system.
Additionally, EU-wide End-of-Waste status
requires the alignment of waste regulations
of different member states. Further
research is necessary to look into these
waste regulations as well as collaborative
legislative change needed to make EU-
wide End-of-Waste status possible.
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For the subsidy and funding for R&D and
implementation of technology, although
we have proposed an assessment
framework to evaluate technologies,
private companies usually offer only
general information about technologies,
which is not sufficient for comprehensive
evaluation. Therefore, more case studies of
pilot/demonstration plants are required
especially for environmental, economic and
sensitivity analysis in order to achieve a
better understanding of the practice of
certain technology. Furthermore, this
recommendation does not include a
budget for subsidy and investment. More
work is needed to formulate a P-recycling
technology investment plan based on the
Green Deal.

Overall, the quantitative estimate of P
import reduction and P losses recycling is
not performed in our report. The team has
focused on mostly qualitative advice
considering the limited time of the project.

4.2 Risk analysis

Regulatory advice requires an evaluation to
identify possible risks and support effective
decision making. For this reason a risk
analysis is included as part of the advisory
report, carried out based upon the PESTLE
framework. Informed by the outcomes of
the risk analysis decisions can be made to
choose the most promising
recommendations.
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The risk analysis is compiled using the
following steps for each recommendation:

Identify the possible negative effects of the
aspect (Shuttleworth, 2017). Brainstorming
is done in this step to identify possible
hazards related to the recommendation. As
previously mentioned these hazards could
be related to one of the PESTLE aspects:
political, economic, social, technological,
legal or environmental. The points
identified here are later assessed and the
significant impacts are discussed in more
detail.

Identify the stakeholders that can be
affected. In this step known and potential
stakeholders are identified. This can
include but not be limited to government
institutes, municipalities, fertilizer
companies, consumers and regulatory
bodies. It is important to identify the actors
involved in the recommendation in order
to analyse how they will be impacted and
how significant the impact may be
(Shuttleworth, 2017).

Evaluate the risks and assign a value from
the 5 x 5 matrix (Shuttleworth, 2017). A
literature review can be conducted and
used to help assign a risk value to
individual recommendations. The assignhed
value is dependent on the probability and
severity of the potential hazards. The 5 x 5
matrix is used to assign risk values in this
analysis. With the risk analysis of
Phosphorus circularity at the EU scale, the
recommendations would be acceptable in
the moderate rating range.
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This is because the pressure to move to a
circular system is high and the necessary
steps need to be taken in order to
change the current system. The severity
of the P challenge will outweigh the
possible unfavourable outcome of
recommendations. Actions with risks
that score a major to severe rating will
be given extra scrutiny.  These
recommendations that score this rating
will not be chosen first, or will include
preventative measures  to reduce
associated impacts.
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Suggest alternative options. Alternative
options need to be explored when
recommendations score poorly. This step
can be used to brainstorm alternative
options or solutions to reduce risk.

A description of the findings. Each
recommendation will be studied in order
to assess and holistically describe the
benefits and risks involved. It is important
to have a comprehensive description of
results, to assist understanding of problems
faced and potential solutions
(Shuttleworth, 2017).

5x5 RISK MATRIX
Highly 5 10 15
Probable Moderate Major Major
4 8 12
Erobsblo Moderate Moderate Major
=
=3 6 9 12 15
5 Possible Moderate Moderate Major Major
5]
o 4 6 8 10
= Unikely Moderate Moderate Moderate Major
4 5
e Moderate Moderate
Very Low Low Medium High Very High
IMPACT

Figure 3.4: Five by five risk matrix (Shuttleworth, 2017)
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Risk Assessment
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Aspect Identify possible Identify Risk Findings Other
negative effects stakeholders value options
involved
Main Recommendations
Implement an EU | Member countries EU member NEGATIVE Subsidies fo.
Phosphate do not take enough | countries, There may be a need to farms that
directive initiative and the The EU, reduce P loading in different usePina
aims of the Farmers, activities (European sustainable
directive are not Fertiliser Commission, 2019). circular
met companies, Cost related challenges: manner
WWTPs, and ensuring financial investment
P recycling would be a challenge (many
companies farms cannot afford new
investments), challenging to
finance the change(European
Commission, 2019), market
prices driven by market chain
Stakeholder challenges:
getting all member states to
agree or implement the
directive, getting fertiliser
companies and farmers to
make changes
POSITIVE
Gives member states the
opportunity to reach goals or
aims at their desired pace
Increase Insufficient supply EU member NEGATIVE Benefits for
percentage of of good quality countries, There could currently be a lack | recycling P, P
recycled Pin recycled P in Farmers, of infrastructure to trading
fertilizers and fertilisers, lack of Fertiliser accommodate the required scheme
infrastructure to companies, percentage of recycled P (Van
feedstocks accommodate the | WWTPs, and der Kooij et al., 2020), WTO
required P recycling agreements might provide
percentage of companies challenges with specific
recycled P, WTO agreements to import P from
agreements might non EU countries which could
provide challenges damage relationships with
with specific countries such as Morocco.
agreements to POSITIVE
import P from non Clear direction and drive
EU countries such towards circular P and set
as Morocco, timeline, stimulates the
severing market for recycled P
relationships with
Morocco
Remove Less control on Fertiliser NEGATIVE Implement
legislative hurdles | waste streams, companies, More contaminants may be monitoring
process to get end Waste sources, and present in products (European | programme
product can be Wastewater Sustainable Phosphorus for waste
unmonitored treatment plants Platform, 2020), pathogens processing
might be present in products and waste
POSITIVE sources
There are technologies that
can be used to remove
contaminants and pathogens
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Subsidize best
technologies to
use now and
funding for
research and
implementation

Fiscal loses due to
underperforming
technologies

Research institutes,
Technology
companies, and

EU member states

Reduce meat
consumption and
production (give
livestock farmers
incentive to
switch to plant
farming)

Change for farmers
could be expensive,
cultural heritage of
farms could make it
challenging to
convince farmers to
switch to plant
based farming,
increase in meat
prices, meat could
be imported from
countries that have
less regulations and
therefore
transferring the
problem, food
security

Farmers,

EU member states,
Consumers,
Fertiliser
Companies, and
Retail stores
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NEGATIVE Subsidize
Investing in technology that technologies
does not work the way it was that have
expected to, expected results good

of implementation is less than | preliminary

results, offer
tax breaks to
new and
developing
technologies

projected, could

POSITIVE

Increased rate of technological
development, improved
efficiency of P recovery and
recycling, taking steps towards
closing the P cycle

NEGATIVE Increase
Market could be too stable regulations
and therefore switching will be | for dairy and
challenging (Sanchez-Sabate, meat farmers
Badilla-Briones & Sabaté, instead of
2019), time consuming to change to
transform farms, new skills plant based
and education will be farming, add
necessary for farmers who are | ataxon
stitching to plant based imported
farming meat
POSITIVE

The policy to reduce meat

consumption and production

is also beneficial to climate

change policies (will reduce

impacts on climate change)

(Sanchez-Sabate et al., 2019)

4.8 Recommendations for future

research

There are a few gaps in our knowledge around
the recovery and recycling of P highlighted by
our research. We thus recommend further
research in the following areas:

¢ Making a EU Phosphates Directive.
Since there is no Phosphates Directive yet
for all the EU member states, this would
have to be newly made. For this the
existing Nitrates Directive can be used as a
guideline, as long as flaws of this Directive
are taken into consideration. Another

option would be to combine the new
Phosphates Directive and the Nitrates Directive
in one EU ‘Nutrients’ Directive. Stakeholders
should be highly involved in the formation of
the new directive.

Prepare P-recovery and -recycling
technologies for widespread implementation.
Some of the technologies we believe are
needed for a circulair P-system, like
biomineralization, still require some research
before they can be developed further. There is
also a need for research on the removal of
harmful contaminants from recovered P before
it can be recycled.
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¢ Reducing need for P

Geeson and Cummins (2020) recently
published a paper on making white
phosphorus, an P allotrope, obsolete by
using Green Chemistry. Green Chemistry is
a way of performing chemistry in a most
sustainable and safe way. More research in
this field is needed to eventually reduce
the use of phosphate rock even further.
Research is also required for methods of
soil cultivation to increase the amount of
bioavailable P (Garske et al., 2020).

- Biodegradable packaging that is suitable
for composting on an industrial scale.
Biodegradable plastic currently in use
cannot actually be degraded during
composting. To be able to fully utilize
composting, either biodegradable plastics
should not be recycled, which defeats the
purpose of using biodegradable
packaging, or packaging that can be
composted has to be introduced.

e Using sustainable home construction

measures to decentralize recovery and
recycling.
Aiming for a CE in a few decades time,
requires a decentralization of all recovery
and recycling practices. Research is
needed to move these practices to houses
and neighbourhoods. To make this
possible in all member states, home
construction changes would have to be
made price competitive with normal
construction.

Most importantly, there is a lack of
quantitative data about the impact of our
advice. Quantitative analysis is out-with the
scope of this report. To be able to fully
evaluate the effectiveness of technologies
being used and policies being implemented
research to quantify our advice is necessary.
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A cost-benefit analysis of the suggested policy
recommendation should be completed. This
should include both the cost of each measure
and the money that it can save. Moreover the
wider consequence of economic steps such as
using import tariffs for meat and reducing PR
imports should be quantified. The results from
this analysis can be used to provide better
quality information to policy makers and if
necessary, highlight areas of the report where
amendments should be made.

4.4 Conclusion

Phosphorus sits on the EU’s list of critical
materials because it is both a vital component
of world food and production systems and a
material suffering from a shortage (European
Commiission, 2017). This report directly responds
to the anticipation of peak phosphorus in 2030.
It is imperative that the EU adopts a sustainable
P system in response to phosphorus shortages
in addition to environmental problems caused
by P-runoff (Withers et al., 2015b).

Scenario planning was carried out in order to
plot the predicted outcomes of different policy
and technological response to the P challenge.
The most promising scenario to facilitate a
transition from a linear P system was identified
as a combination of substantial policy support
coupled with a high investment of innovative P
recovery and recycling technologies. These two
structures mutually reinforced each other,
creating a strong market for secondary
phosphorus and can eventually deliver a CE for
phosphorus. Informed by this transition scenario
this report recommends a programme of action
in relation to four key areas, policy, technology,
economy and society. It provides a holistic
response to emphasise the interconnectedness
of these areas in order to change the EU's P
system.
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The report highlights five key policy actions
which transcend these key areas and
mutually reinforce each other to deliver a CE
for phosphorus. Firstly, a phosphates
directive would limit overapplication of P to
agricultural land helping reduce
eutrophication. Secondly, legislation would
ensure that a progressively rising percentage
of fertilizers and human and animal food
products consist of secondary rather than
primary P. Thirdly legal barriers to
developing P recovery technologies would
be removed. Fourthlyy, R&D and the
development of promising P recovery and
re-use technologies would be prioritised.
Fifthly, support to transition to less
production and consumption of livestock
would reduce P wusage in the most
phosphorus intensive sector.
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Our recommendations are balanced and
grounded in reality with an effort made to
demonstrate where funding would come
from to fund policies. Moreover, the risks
associated with following or deviating from
our proposed actions are detailed in chapter
4. Through acting on our recommendations,
the EU can see the challenge presented by
peak phosphorus in 2030 as an opportunity.
An unsustainable P system can Dbe
reimagined to the benefit of the EU itself, its
member states and its citizens.
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APPENDICES

Appendix 1: Technology assessment method

Step 1. Identifying the technology

Phosphorus recovery technologies are defined as processes that can recover bioactive phosphorus with
contamination satisfying legal requirements. A new technology is required to satisfy following criteria to be
defined as a phosphorus recovery technology:

e Using waste (e.g. wastewater, solid waste) or materials recovered from waste (e.g. struvite, sewage
sludge ash) as phosphorus sources.
e Yielding products that contain a substantial amount of bioactive phosphorus or elemental phosphorus.

In addition, technologies or processes with unacceptable negative environmental effects should also be
excluded from the beginning of the assessment.

Step 2: Input/Output analysis

For phosphorus recovery technology, an initial analysis in terms of input and output can help decision makers
to quickly identify the possible barriers for commmercializing the technology. Specifically, for the assessment of
a given input waste stream, the following aspects are advised to be taken into consideration:

e Phosphorus quantities (volume/mass flow rate, P concentration, the total P amount available) in the
waste;
Contaminant level (heavy metal, organic compounds, pathogens) in the waste;
Physical state (solid/liquid, dry/wet) of the waste and
Distribution (centralized/decentralized) of the waste.

Generally, waste streams with high available phosphorus amount, low contaminant levels are preferred. If the
available P amount is deemed too low, or the level of certain contaminant is deemed beyond the processing
capability of the technology, more sub-techniques of P enrichment or decontamination are probably required
to be developed and incorporated. On the other hand, the physical state and distribution of the waste largely
affects the transportation and collection of the waste sources. Therefore, a centralized waste stream is easier to
handle and better adapted for recycling.

Similar to the input waste, the following aspects concerning the output product are also advised for
consideration:

e Phosphorus quantities (mass/volume ratio) in the product;
e Contaminant level (heavy metal, organic compounds, pathogens) in the product;
e Otherimpurity in the product;




e Liguid/solid, ash/granular product and
e Bioavailability and water solubility of the product (as a fertilizer).

Apart from the technical aspects, legal and market factors should also be included in a comprehensive
assessment:

e Product market (whether the product meets the market standard, with predictable performance and
quality) and

e Relevant regulation or legislation (whether the product is approved by current regulation or legislation;
whether the product is in ‘end-of-waste’ status).

Generally, a product in ‘end-of-waste’ status with known market is the key of a successful technology for
commercialization. Nevertheless, technologies with new products may also prove to be promising in the long
term, and therefore a dynamic framework of technology assessment and regulation adaptation or formulation
is required towards a CE in the future.

In addition to input material and output product, the following factors concerning the process are also
recommended to look into:

P recovery efficiency;

Input material/ chemical use;
Output waste/ emission;
Energy consumption and
Infrastructure.

These factors will be further discussed in the environmental analysis.
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Figure A1: Phosphorus recovery assessment of barriers flow chart.

Step 3: Technical Readiness Level (TRL)

The implementation of a certain technology does not only depend on the applicability of a certain waste
stream or lab scale efficiency tests, but also depends on the level of maturity of such a technology (Rybicka,
Tiwari & Leeke, 2016). To quantify this, a Technical Readiness Level (TRL) is proposed to assess the
trustworthiness of a certain technique. This method developed by NASA to evaluate technologies that are
applied in space, has since been applied in many other areas of the development of new technologies. By
systematically employing a TRL method, the maturity of many different P recovery techniques can be
assessed. A TRL score can range from 1-9, where 1 means that a technology is in its beginning and 9 means
that the technology is mature.

Categorizing the TRL is based mostly on number of occurrences in literature, a definition of the difference
between levels can be explained, Rybicka et al. (2016) have given an first assessment on which these numbers
are based on:




e 1-3: lab scale technologies, which is defined as research conducted in a lab environment primarily
resulting in a proof of concept.

e 4-6: both lab and pilot scale technologies, which is defined as research conducted resulting in a robust
process, the concept is confirmed and the mechanisms are well detailed.

e 7-9: full-scale technologies, which is characterized as the implementation of eg. a P

recovery technology at the industrial level e.g. a wastewater treatment plant.

Step 4: Economic analysis

In order to successfully implement a technology it must not only score a relatively high TRL, but it also needs
to be economically feasible. For a technology to be considered economically feasible the maintenance, raw
materials, and utilities needs to be lower than the derived revenue (Li et al., 2019). Therefore cost of recovery
and revenue generated needs to be calculated.

The cost of recovery includes chemical dosage, energy, maintenance, product refining, staff salaries and
infrastructure. Whereas the revenue is affected by the P recovery efficiency, concentrating ratio and the
product sale price.

The following equation can be used to calculate the net income (using the variables mentioned above) (Li et
al., 2019):

Net Income = Revenuep‘remvery —CostP.mowy

The capital costs also need to be included to determine the feasibility of a technology. In order to budget for
capital to analyze the profitability of a projected investment the net present value (NPV) can be used. A
positive value shows a project that is self-sustainable.

PV = netincome (1 — — )r

n

(1+r)
This equation can be applied to analyze the present value (PV) for cash flows in the future. The resulting value
can be used to help decide if a project is viable and to compare different operating and economic regimes (Li
et al., 2019).

Step 5: Environmental analysis

The method for making an assessment of possible environmental impacts (e.g. GHG emissions and energy
demand) resulting from different P recovery technologies is done by applying a life cycle assessment (LCA)
(ISO 14040, 2006). Setting all the system boundaries, a LCA incorporates all of the related impacts that result
fromm activities not only on-site but also before and after a technology is implemented (e.g. utility
manufacturing and waste disposal). Alongside the LCA, functional units and environmental indicators must be
taken into account, just as setting up a life cycle inventory (LCI) of relevant material flows.

The technology applied for sewage sludge management is mainly focused on a mono-incineration plant and
the disposal of developing wastes is chosen as a reference system. Important sections for this reference
system are processes of soil/agriculture, waste management, the hydrosphere and the atmosphere. The
WWTP is structured in a way that it can be seen as a modular system, see figure Al. It can be seen that there




are some steps where a recovery technique can be implemented. In addition, the indirect environmental
impacts e.g. from waste disposal or production of utilities are applied in the adapted system.
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Figure A2 : Typical system boundaries and process schemes of a WWTP with (left, green) implemented
phosphorus recovery from the liquid phase (AirPrex) and (right, red) the sewage sludge ash process (PASCH).
Source: Amann et al. (2018)

The boundaries of the system consist of the
WWTP process,

implemented P-recovery techniques,
supply of chemicals and resources,
mono-incineration of sludge,

waste disposal management,
substitution of energy,

transport of sludge and

recovered products to agriculture.

Outflows are emissions to the hydrosphere, atmosphere and fertilizer for agricultural purposes. The production
of net energy and resources (e.g. heat, electricity, P- and N-fertilizers, by-products) must be accounted for by
implementing the avoided burden approach. This approach assigns emission or energy credits to studied
systems for substitution of these resources. The most important factor of recovered materials is based on their
P content, therefore, technologies need to be compared based on the functional unit of 1 kilogram of
recovered P.

Environmental indicators that must be taken into account are the:

e global warming potential (CWP; Lorenzo-Toja et al., 2016; Ahn et al.,, 2010; Foley et al., 2010)
o significant CO2 equivalents difference between P recovery technologies
o calculated by adding direct and indirect gaseous emissions

e cumulative energy demand (CED; VDI, 2012)
o used to determine energy requirements during a products life cycle
o calculated by taking the direct energy demand of technologies (e.g. gas, electricity) and

indirect energy demand used for production of technology.

e acidification potential (AP; Egle et al., 2016)
o directly impacts the acidity in the soil which can be linked to P-fertilizer and agriculture
o calculated by adding direct and indirect gaseous emissions.

By implementing a material flow analysis (MFA) (Brunner & Rechberger, 2016), a systematic
structure for the waste stream flow balances can be made, this results in a life cycle inventory,




see figure A3 . From this model, the input of chemicals and raw materials as well as the output
of phosphorus rich materials is given. Direct gaseous emission and other waste by-products are
looked at in this analysis. Simultaneously, an energy flow analysis (EFA) (Suh, 2005) is applied to
quantify the energy output of different external sources and energetic values of raw material.
Processes that result in the recovery of energy from raw materials incineration (e.g. biogas,
syngas), are positively credited to the energy flow.
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Flgure A3 : Setup up of a life cycle inventory

Step 6: Sensitivity analysis

Sensitivity analysis is an essential step to identify the barriers for commercializing phosphorus recovery
technologies. Based on methods including design of experiments (DoE), analysis of variance (ANOVA) and
quantile-quantile plots, key variables in the technical process and market can be identified and their
contribution to PV change can be determined. This analysis can be used to direct future research to improve
the PV of a recovery technology.

Using these methods, Li et al. (2019) studied the case of struvite crystallization in Oxley Wastewater Treatment
Plant (WWTP) in Queensland, Australia. They identified key variables in the technical process and market, and
developed scenarios based on the 2nd order function model. The result reveals that most scenarios gave a
negative NPV but are close to breakeven, and therefore can be profitable or breakeven if financial assistance is
offered. Furthermore, considering the environmental and operational benefits of phosphorus recovery, it's still
recommended to recover struvite from wastewater.

In addition, the result also showed that more than 60% variation in PV is from market variables, while for the
technical process, the struvite recovery P efficiency and enrichment efficiency contribute the most to PV
change, indicating that future research on improving the efficiency of recovery and enrichment is more
valuable than other techniques.

It's also worth noting that the investment is not taken into account in this analysis, which would make most
scenarios unprofitable in a strict economic sense. However, this problem can be ameliorated by preferential
borrowing conditions for investors in phosphorus recovery endorsed by the governments or tax credits offered
for Wastewater treatment plant operators for investing in P recovery units.




Step 7: Risk analysis

Every regulatory advice and technology needs to be evaluated and the possible risks involved need to be
identified in order to make effective decision making. A tool for risk-based decision making is a risk analysis
(Rowe, 1992). Such a risk analysis will consider the PESTLE aspects in its evaluation. Each recommendation will
undergo analysis and its significant risks will be identified, weighted and briefly discussed. Based on the
outcomes of the risk analysis decisions will be made to choose the most promising recommendations. The risk
analysis is further discussed in chapter 4.




Appendix 2: P technology chart

Waste Sources Phase Technology Technical Principle Product Operation Status
slurry low emission application manure incorporation and injection into farmland slurry full-scale
dried manure Hitachi Zosen solid/liquid separation, pyrolysis biochar pilot plant

Agro America pilot plant
- / solid/liquid separation, clarification by flotation technology, two-stage
Manure liquid maure, membrane filtration. -
digestate GENIAAL N-K fertilizer solution; P-rich full-scale
organic fertilizer; clean water
dissolving of nutrients into liquid, solid/liquid separation; (solid) precipitated phosphate salts;
manure BioEcoSim superheated stream drying, pyrolysis; (liquid) chemical precipitation, ammonium sulphate; K-rich pilot plant
membrane distillation, crystallization; solution; biochar
Ostara Pearl crystallization struvite full-scale
NuReSys precipitation/crystallization struvite full-scale
AirPrex precipitation/crystallization struvite full-scale
liquid (digested Crystalactor crystallization calcium phosphate full-scale
supernatant/efflu
ent) PHOSPAQ precipitation/crystallization struvite full-scale
P-roc crystallization calcium phosphate/struvite pilot plant
ePhos electrochemical struvite precipitation struvite/K-struvite full-scale
Extraphos Liquefied CO2 extraction calcium phosphate pilot plant
Pyreg pyrolysis biochar full-scale
Gifhorn wet-chemical extraction, sulfidic precipitation of interfering ions, precipitatic struvite full-scale
Stuttgart wet-chemical extraction, complexation of interfering ions, precipitation struvite pilot plant
Aqua Reci supercritical water oxidation, acidic/alkaline leaching, precipitation calcium phosphate pilot plant
Phoxnan wet-oxidation, precipitation struvite pilot plant
sewage sludge (SS)
RAVITA post-precipitation, acidic wet-chemical leaching, solvent-solvent extraction  phosphoric acid/ammonium phosp pilot plant
TerraNova hydrothermal hydrolysis carbonization, acid extraction, precipitation calcium/magnesium phosphate full-scale
Wastewater
EuPhore thermo-chemical, heavy metal/organic compound depollution depolluted ash pilot plant
MePhrec metallurgic smelt-grassing process P-rich slag pilot plant
Kubota full-scale
LeachPhos acidic wet-chemical leaching, precipitation calcium phosphate/struvite pilot plant
EcoPhos acidic wet-chemical leaching, heavy metal removal through ion-exchange phosphoric acid/calcium phosphate full-scale
Ash2Phos acidic wet-chemical leaching, extraction and re-extraction mono-ammonium phosphate pilot plant
Phos4Life acidic wet-chemical leaching, extraction and evaporation phosphoric acid pilot plant
TetraPhos acidic wet-chemical leaching, precipitation, ion-exchange/membrane phosphoric acid pilot plant
filtration
sewage sludge parforce acidic w?t—chemicalllelaching, ion exchange/solvent extraction, membrane phosphoric acid Batch pilot
ash (SSA) electrodialysis, precipitation.
AshDec thermo-chemical, heavy metal depollution depolluted ash pilot plant
Thermphos thermo-electric process P4 pilot plant
Phos4Green P/NPK fertilizer pilot plant

acidic wet-chemical treatment

Recophos DE TSP industrial scale
ICL fertilizer sSSP industrial scale
Meat and Bone MBM ash ICL fertilizer acidic wet-chemical treatment SSp industrial scale
ICL fertilizer acidic wet-chemical treatment sSSP industrial scale
) A Susphos acidic wet-chemical treatment phosphoric acid pilot
Struvite solid
calcination, acidic wet-chemical leaching, membrane electrodialysis, L .
Parforce o 8 4 phosphoric acid Batch pilot
precipitation.
Municipal Traditional composting
solid . . . . . .
biodegradable solid Biodegradation by earthworms or microorganisms Biomass from compost full-scale
waste

Vermicomposting
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