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SUMMARY.

Turning waste into resources is key to a circular economy. The recovery of
bio-waste is generating numerous possibilities to produce chemicals, fuels
and valuable products. However, there are still technological and market
challenges before achieving large-scale commercialisation of the developed
products can be achieved. In this sense, the B-FERST project was born with
the idea of developing a novel industrial process focused on establishing
an innovative concept for the fertiliser industry through a new waste value
chain based on nutrient recovery towards bio processes. This innovation,
to be introduced into existing industrial processes is intended to replace
part of the mineral raw material used currently by a biobased material
with a complex matrix influence.

A number of factors have been identified as being the most important in
influencing in the use of these new biowastes: quality, regulation, security,
processing feasibility, logistics-availability, product stability, economic
feasibility and carbon footprint.

A new versatile nutrient extraction process has been validated at pilot
plant scale, and is currently being upscaled into a demonstration plant
with 500 kg/h capacity at Fertiberia’s facilities in Huelva Plant (Spain).
This process uses as raw material ashes produced in the combustion of
sludges from Waste water treatment Plants, manure or slaughterhouses. It
works in a closed circuit to be environmentally sustainable without
generating liquid effluents. The designed reactor allows heat exchange that
makes the application of energy to the process unnecessary.

Likewise, a new flexible coating demonstration plant is currently being
built, using the results from the pilot plant scale, validating the application
of biodegradable materials in the fertiliser’s surface, enhancing their
agronomic efficiency.

The replacement of part of the conventional mineral raw materials with
bio-based material as nutrient sources and Non-Microbial Plant
Biostimulant (NMPB) or Microbial Plant Biostimulant (MPB) additives has
been demonstrated in the pilot plant scale fertiliser manufacturing process.
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1. INTRODUCTION.

The European Union (EU) aims to promote sustainability through the
European Circular Economy Package and in this way the relationship
between farmers and bio-based industries is an important objective. The EU
depends strongly on non-renewable external resources for the supply of key
fertilisers used in agriculture, and on the other hand EU waste management
policies aim to reduce the environmental and health impacts of waste and
improve resource efficiency (FAO, 2015).

Turning waste into resources is key to a circular economy. Biowaste
valorisation is an attractive approach which can offer potentially useful
alternatives for dealing with residues. Basic valorisation strategies, including
composting, reusing and incineration, are well known and accepted
worldwide practises which, however, are only able to recover/convert a
fraction of the waste into useful products. Valorising biowaste components
could in fact lead to numerous possibilities to produce valuable chemicals,
fuels and products. Therefore, these strategies can diversify the generation of
multiple products from a single feedstock. However, critical technological,
political and market challenges remain before full-scale commercialisation of
the developed products can be achieved.

Consequently, the fertiliser industry and farming sector must answer the
challenge in a sustainable way, increasing its productivity and the efficient use
of nutrients. The industry, therefore, must collaborate in this challenge by
producing fertilisers that provide specialised nutrients and with a
personalised dosage adapted to the needs of the farmer.

Due to concerns about the rate of consumption and limited reserves, mainly in
EU countries, it is urgent to recover P from urban and industrial flows. One of
the most promising recovery strategies is based on thermal treatments
(e.g. incineration or sludge pyrolysis) followed by leaching, precipitation and
chemical adsorption (Santos et al, 2021).

Currently, a large part of the phosphorus recovery processes is based on
crystallisation or precipitation of the supernatant of the Waste water treatment
plant (WWTP) digester to recover struvite. The recovery rate of phosphorus
from the liquid phase is lower (10-60% from the WWTP influent) than from
the sludge (35-70%) and from the sludge ash (70-98%) (Chrispim ef al, 2019).
Also, other investigated processes use Municipal Solid Waste (MSW)
incineration ashes as a possible source of phosphorus using acidic leaching—
precipitation or and acidic-alkaline leaching (Kalmykov and Karlfeldt, 2013).

From this foundation the B-FERST project was born.
The most important points to consider are:

i) Sustainable and more efficient use of resources. The farming and fertiliser
sectors must act together to achieve more sustainable management
programmes as the fertiliser sector supplies products to about 12 million
farms in the EU, to fertilise approximately 175 MHa of agricultural land,
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directly employing around 130.000 people (EC, 2016). This situation makes
it essential to ensure the availability of plant nutrients resources at
affordable prices to safeguard the sustainability of the agricultural systems.

ii) Efficient sourcing, cost-effective logistics. At this moment, improved
logistics are required for a green circular approach. For this issue,
diversity is the key. The next generation of fertiliser plants must deal
with multiple biomass feedstocks, either via a single process or through a
combination of several integrated ones. Recycling and the use of wastes
must be sourced in terms of collection, storage, transport, and pre-
treatment, taking into account biomass volumes and location.

iii) Maintenance or improvement of soil quality and, if possible, an
improvement in fertilisation through the products obtained in the new
manufacturing processes. Products made using traditional inorganic
fertilisers or with materials obtained from residues are improved by
adding soil stimulants such as Non-Microbial Plant Biostimulant
(NMPB), or by introducing beneficial microorganisms (MOs) into the soil
to transform in-situ the non-available nutrients present into forms that
plants can absorb by Microbial Plant Biostimulant (MPB).

ﬁ
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Other industries

Figure 1: New circular interaction between farmers, fertiliser and bio-based
industries.

In this sense, the new industrial process to be developed is focused on
establishing a new concept of the fertiliser industry through a new waste
value chain based on nutrient recovery towards bio processes. The innovation
to be introduced to existing industrial processes is intended to replace part of
the mineral raw material currently used by a biobased material with a
complex matrix influence.

2. OBJECTIVE.

B-FERST’s main objective is to integrate the valorisation of bio-wastes in
agriculture management plans to create new circular and bio-based value
chains from bio-waste, municipal waste management and agri-food industries
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into the fertiliser value chain, considering a bilateral interaction between the
farming and fertiliser sectors. It is focused on a paradigm shift in the fertiliser
value chain, with specialised fertilisers that combine biowastes with available
nutrients, biostimulants and biodegradable coatings. For this reason, a
nutrient recovery demonstration plant and a bio-coating demonstration plant
are currently being built at Fertiberia’s facilities in their Huelva Plant (Spain).

3. BIO-WASTES SELECTION CRITERIA TOWARDS INDUSTRIAL
IMPLEMENTATION.

Europe faces great challenges: first, in the EU regions, large amounts of
nutrient-rich currents are dispersing into the environment through a wide
variety of both mineral residues (for example, phosphorus-P) and as organic.
Second, the EU relies heavily on non-renewable external resources for the
supply of key fertilisers used in agriculture.

Some of these sources of nutrients are included in secondary materials such as
struvite, biowastes like ashes from different sources of agri-food industry
waste and WWTP sludge and composts.

Complex NPK fertilisers often have a high nutrient concentration. Therefore,
highly concentrated raw materials are also needed.

On the other hand, due to the NPK concentrated formulations, the percentage
of filler material is low. This fact again reinforces the need to find nutrient
concentrated biowastes or secondary materials.

As a result of considering the incorporation of new bio-based materials into
the value chain of the fertiliser industry, a list of requirements has been
identified as being the most influential on the success of using of these kinds
of materials in conventional processes. They can be summarised as follows:

3.1. Quality.

Nutrient concentration and solubility are the main factors to consider after the
identification of a potential biobased material. Nutrient concentration should be
high enough to be able to incorporate at least 1-2% of N, P,Os or K,O within the
NPK fertiliser. Furthermore, these nutrients must be available for plants: water
soluble and/or soluble in neutral ammonium citrate, citric acid, etc. which will
ensure the final nutrient quality in the new biobased NPK formulations.

3.2. Regulation.

New fertiliser regulation 2019/1009 (FPR) must also be part of the selection.
Every biowaste should comply with the defined parameters depending on the

kind of Component Material Categories (CMC), or even Product Function
Categories (PCEF).

Moreover, the national regulatory system should be also taken into account.



3.3. Security.

In this sense and having the current regulations as the basis, the importance of
the absence of pathogens and a low heavy metals concentration, as well as
compliance with other safety-related parameters, is clear.

3.4. Processing feasibility.

The physical and chemical properties and composition of the biobased
material are highly influencing. How to handle and feed the material into the
granulation process and how to keep or increase the nutrient availability in it
constitutes one of the main considerations to assess.

Parameters such as moisture content, granulometry and density need to be
assessed, and are directly related to the success of the implementation of a
new raw material.

3.5. Logistics and Availability.

Potential new raw materials must be able to ensure a continuous supply. This
means that the biobased source ought to be available in sufficient volumes
throughout the year, being aware that they are biowastes or come from
biowastes.

This requirement is directly related to the Regulation and it is very important
that it is reviewed and updated frequently enough, given that the market and
the international situation are changing.

In the same way, the location is a key parameter that directly influences the
economic balance, carbon footprint and regulatory aspects: transport costs
and environmental impact, regulation needs for transportation, type of
transport, charge and discharge, etc.

3.6. Stability.
Linked with security and availability, the biobased material has to be stable in
terms of its composition, biological activity and supply.

Regarding the physical and chemical properties and composition, the best
scenario is the stable homogeneity of the biowaste. This is a challenging
parameter that must be considered from the very beginning.

The absence of pathogens must be ensured within the whole fertiliser value
chain.

The new material supply should be continuous or clearly defined.

3.7. Economic feasibility.

All the above factors are related to the price of the biobased material, which
should not be higher than nutrient’s market prices. The exercise of comparing
the conventional raw material fertilising unit cost versus biobased material
fertilising unit cost must be carried out.

The avoidance of waste management costs might be applied in some cases,
leading to an easily affordable material from the economic point of view.



The economic feasibility of the use of biobased material is of course required.

3.8. Carbon footprint.

The reduction of the environmental impacts and carbon footprint in the
fertiliser manufacturing processes are becoming nowadays one of the main
targets to reach. Therefore, the carbon footprint calculations would help in the
final decision of selecting a new biowaste as part of the fertilisers, in

comparison with the conventional raw materials results.

Table 1. Guidelines for biowastes selection. All principal and secondary
nutrients as well as micronutrient [imits are considered as available. Blue
letters: mandatory requirements under Regulation 2019/1009. Dark red

4.

letters: desirable.

Parameter Value range Parameter Value range
N*/ P,Os5 / KO >10 % Granulometry 0.4-1.0mm
MgO >10 % Density 1000 kg/m?®
CaO >10 % Moisture <1%
SO; >10 % Supply > 2,000 tly
Cr <400 mg/L Location Close to fertiliser plant
Cr (VI) <2 mg/L Transport costs < 15 €/t
CMC12 < 3%
Corg CMC12 < 3% Cost** <50 €/t
CMC14:; ****
Hg <1 mg/L CO2-eq < 95% of conventional
Ni <100 mg/L Pb <120 mg/L
ClOs < 50 mg/kg dry matter As <40 mg/L
Tr < 2 mg/kg dry matter Ca*** 20-40 mg/kg P,0s
CI < 30 g/kg dry matter Biuret < 12 g/kg dry matter
\% ;gggrmg/kg dry PAH 6 < 6 mg/kg dry matter
Salmonella Absence in 25 g PCDD/F < 20 ng/kg dry matter

Enterobacteriaceae

M=300in 1g

* N content if the biowaste material is not an ash. If it is an ash, N<0.5%.
** Depending on the cost of one fertilising unit.

k%

**** Check Regulation 2021/2088.

If the biowaste contains more than 5% P,0s, otherwise: Cd < 3 mg/L.

HURDLES AND BOTTLENECKS IN INDUSTRIAL
IMPLEMENTATION.

Validation of biobased materials for their incorporation within the fertiliser
industry is not a simple task, as it is not a traditional business model, in which
the logistics channels and the business network are not established.



Throughout the project, different barrier factors have been found as the main
bottlenecks that must be assessed and overcome.

1)

Nutrient concentration. Producing high nutrient concentrated NPK
fertilisers means that all raw materials fed should also be highly
concentrated. When working with biobased materials, this is a tricky
aspect that strongly influences their use. The higher the nutrient
proportion they have, the higher their incorporation within the NPK
fertiliser can be. In the B-FERST project, products have been formulated
with 10-65% of biobased materials in their matrix.

2) Variability. Unlike mining or chemical processes, obtaining nutrients by

biological processes or from biowastes implies a high dependence on the
starting waste. This effect can be clearly seen in the case of ashes and
compost, for example, where the combustion or composted initial
materials determine the abundance of nutrients in the final product. The
lack of homogeneity in biowastes could become an issue to solve.

3) Location, Production and Quality. One of the difficulties regarding the

location is the availability of sources as well as the production rates. It is
not only important to find a point where the desired biobased material is
produced and at the optimum distance. The quantities required for the
industrial and sustainable production of fertilisers require contributions of
thousands of tons per year that are not always available in just one source.
For example, there are many struvite production spots in Europe, but they
normally produce less than 900 t/y of struvite.

The concepts of quality and concentration are correlated with the number
of available resources. It is important that the characteristic of the biobased
material meets the requirements specified by the fertiliser manufacturers to
fit the quality requirements and fertiliser production process. Unsorted,
uncompacted, and high hydrated biobased resources, such as compost, are
usually uneconomic from a logistic point of view when long distances
must be considered under the Life Cycle Analysis (LCA).

4) Regulation. Adaptation to the new European Regulation is one of the key

factors, not only for the fertiliser industry, but also for all companies likely
to produce potential biobased resources. Such regulation can be different
between neighbour countries regarding safety and logistic measures so the
international legislation frame plays an important role in the biobased
material exploitation.

Energy consumption. The global carbon footprint would increase when
higher energy consumption per fertiliser unit occurs. Furthermore, although
this factor affects every part of the value chain, when the expenses due to the
energy costs are related to biobased resources and therefore their price
increases, the cost of every fertiliser unit also increases, making it more
difficult to include in the fertiliser manufacturing process.



6) Biobased resources hot-spot selection: To support the decision-making
process to evaluate when a new hot-spot / biobased material could meet
the expectations of inclusion in the industrial chain, it is necessary to create
a flowchart in which the main factors of the quality requirements are
considered. The general flow-chart must be reviewed and adapted to the
different possible scenarios, biobased resources characteristics /requests
and target countries. Figure 2 represents the decision-making model
followed in the B-FERST project.

NEW HOTSPOT

. ©)
Periodic Review ] EVALUATION NO 5 DISCARDED: to review in the future |
- SOLVABLE NONCONFORMITY? NO alart back to suppliers
YES —
YES @ OPTIMIZATION COEFFICIENTS o o “
- Analitical Composition
- Production RECONSIDER: New optimization coefficients
' - Logistics
: TEST AGREEMENT - Legal frame
- NPK unit price
Review of the
DEIE AN No optimization coefficients
i WP2: Nutrients extraction
| YES (Validation) . Ashes with available nutrients
'
SUPPLY AGREEMENT
e RODUCHION - Distibution of responsabilities WP4: Direct NPK formulation

. 2 & s
Price agreement Ashes with available nutrients, compost and struvite

Figure 2: Decision-making and logistics model for biobased materials
implementation.

5. SOLUBILISING NUTRIENTS FROM BIOWASTES INTO
AVAILABLE NUTRIENTS: REPHOVERY PROCESS AT
DEMONSTRATION SCALE.

One of the main identified factors for the success of the implementation of
biobased materials in the fertiliser manufacturing process is the quality of the
nutrients. The incorporation of soluble nutrients is crucial for the final
fertiliser acceptance by the end-user.

Ashes produced in the combustion of sludges from WWTP, manure or
slaughterhouse are abundant in Europe. Many of them contain high
concentration in P,Os, but in insoluble forms, being only soluble in strong acid
solutions.

In this sense, a novel P extraction process from ashes have been developed
and validated at pilot plant scale. After finalising Basic and Detailed
Engineering Packages, a demonstration plant with 500 kg/h capacity is
currently being built at Fertiberia facilities in Huelva Plant (Spain).

The Rephovery Process (Figure 3) consist of 4 main stages:
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CALCIUM
PHOSPHATE

Scrubber
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Figure 3: Rephovery Process. Lines in red colour: streams related to Digestion
(Reactor 1); Lines in green colour: streams related to Neutralisation
(Reactor 2); Lines in blue colour: cleaning system.

1) Digestion of the ashes (Reactor 1) by a phosphate, chloride, and nitrate free
acid leaching liquor, which acts to form a solid phase containing the
impurities, and a first liquid phase rich in phosphate ions. The use of
sulphuric acid (H,SO,) as a digester in the leach liquor is due to its
efficiency in extracting the different elements contained in the ashes,
besides making the process less expensive than with other acids. The
temperature used is between 60 and 75°C and HRT 1 hour.

2) Continuous separation of the solid and liquid phases with low energy
consumption. This separation can be carried out by means of decantation,
or filtration. The supernatant obtained contains the phosphate ions present
in the ash, without most of the impurities present, now in the solid phase.

Ash + H20 + acid = Solution rich in P20s + impurities

3) Addition of Ca(OH), to the liquid coming from the filtration (step 2, Reactor
2) produces a chemical precipitation of the phosphate ions contained in the
liquid phase, resulting in a second acidic liquid phase and a second solid
phase containing the separated phosphate ions. This precipitation is
coupled thermally to the digestion of the ash (first step) in the same vessel.

P20s5 + 3H20 > 2 H3POq4
Ca(OH)2 + 2 H3PO4 - Ca(H2P04)2-:2H20
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4) Another continuous separation of a second liquid phase and a second solid
phase, rich in mono and di-calcium phosphates. As in step 2), this separation
can be performed by decantation or filtration. The liquid phase is acidic and
can be recirculated back to step 1). The solid phase is a mixture of
monocalcium phosphate, dicalcium phosphate and calcium sulphate.

The closed circuit is an innovative advantage for this process, being
environmentally sustainable without generating liquid effluents. The heat
exchange between Reactor 1 and Reactor 2 makes it unnecessary to apply
energy to the process, since the reactions taking place in Reactor 1 are strongly
exothermic, while the reactions occurring in Reactor 2, although also
exothermic, do not exceed 50°C. Thus, it is necessary to cool Reactor 1 and to
heat Reactor 2 so that both reach optimum operating temperatures. This
objective is achieved by the special design of the reactors.

A large number of tests were carried out at the pilot plant scale. They are
summarised and divided in 5 groups, depending on the acid or proportion of
acid that is used to extract the phosphorus from the ashes. The acids used
were sulphuric acid (96%), hydrochloric acid (37%) and combinations of these
in different proportions (Figure 4).

100%
80%
60%
40%
20%
0% 0 0

DIG1 DIG 2 DIG 3 DIG 4 DIG 5

H% HCl ®% H2504

Figure 4: Percentage of each acid in the five different types of digestion

performed (DIG 1-DIG 5). The difference between DIG 1 and DIG 2 is the
amount of ash and acid in the total volume of liquid phase (DIG1 has half

amount of ashes and double volume of liguid phase compared to DIG2,
but both were performed with 100% H,SO,)

Based on these results obtained for the distinct types of digestions (Table 2), it
was determined that DIG 1 produced a percentage of phosphorus extraction
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of 70%, this value being very inferior to the one obtained in the rest of the tests
(>90%). In addition, the sulphate/phosphate ratio for this type of digestion is
very high, leaving many sulphates dissolved in the water, which are
subsequently precipitated together with the calcium added in the
neutralisation stage, diluting the final product greatly in terms of phosphates
(sulphate/phosphate ratio = 24). This type of digestion was therefore
eliminated from the process.

Table 2: Average result for each of the five types of digestion carried out.

DIGESTION P;0s(mg/L) P20srecovery (%) Sulphate/phosphate ratio

DIG 1 12 70 24
DIG 2 58 95 4
DIG 3 67 91 0
DIG 4 71 90 0
DIG 5 74 94 0

Regarding the rest of the digestions carried out (DIG 2 - DIG 5), the results of
the percentage of phosphorus extraction from the ashes are in all cases higher
than 90% and very similar to each other. This indicates that both sulphuric
acid and hydrochloric acid, as well as the combinations of both acids at
different percentages, are optimal for carrying out the ash digestion process
from the chemical point of view.

For the sulphate/phosphate ratio, as was obvious, it is higher in the case of
DIG 2 digestions, in which only sulphuric acid is used, than in those
digestions with a combination of acids (DIG 4 and DIG 5) or in which only
hydrochloric acid is used (DIG 3). Even so, this ratio is perfectly acceptable
from the point of view of the quality and concentration of phosphates in the
final product. In order to determine whether the use of both types of acids
independently and/or their possible combinations is acceptable from an
energy point of view, temperature monitoring was carried out during the
digestion process in all cases (Figure 5).

Digestion with only sulphuric acid (DIG 2) reaches a higher temperature than
the rest of the digestions throughout the course of the process. In the case of the
combinations of both acids (DIG 4 and DIG 5), both digestions are similar from
the thermal point of view, starting and ending at very similar temperatures.
And in the case of using only hydrochloric acid to conduct the digestion
(DIG 3), it can be observed that both the starting temperature and the final
temperature are somewhat lower than the rest of the cases. Digestion only with
sulphuric acid (DIG 2) reaches a higher temperature than the rest of the
digestions throughout the course of the digestion. In the case of the
combinations of both acids (DIG 4 and DIG 5), both digestions were similar
from the thermal point of view, starting and ending at almost the same
temperatures. And in the case of using only hydrochloric acid to conduct the
digestion (DIG 3), it can be observed that both the starting temperature and the
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final temperature are somewhat lower than in the rest of the cases. Therefore,
the conditions of DIG 3 are those that were considered most appropriate.

After the validation of the four types of digestions, the neutralisation process
was also tested, optimised and then validated. All neutralisations had
efficiencies above 99.4%, except those carried out using ammonia as a pH
raising agent, where efficiencies remained around 98.9%, regardless of the
acid or combination of acids used during the digestion stage. Table 3
summarised the main results.

Figure 5. 7emperature (°C) monitoring during digestion (DIG2-DIGD5).

80 r

-o-DIG2 -e-DIG3 -=-DIG4 DIG 5

Temperature (°C)

40 | | | | | |
0 10 20 30 40 50 60
Time (min)

Table 3. Average result for each of the nine types of neutralisation carried out.

NEUT  Sample P,Os P,Os P05 SO, SO~ Sulphate/phospate

total avail. ratio
(9) (%) (%) (9) (%) (9)

NEUT1 67.9 11.9 10.4 8.0 61.2 41.6 5.1
NEUT2 57.6 16.6 16.0 9.6 61.5 354 3.6
NEUT3 58.0 16.1 15.0 9.3 36.1 20.9 2.2
NEUT4 29.6 221 20.1 6.5 3.6 1.0 0.1
NEUT5 27.3 27.2 26.6 7.4 3.8 1.0 0.1
NEUT6 34.6 24.5 23.8 8.5 1.3 04 0.0
NEUT7 24.8 14.9 13.4 3.7 0.0 0.0 0.0
NEUT8 41.7 20.3 18.1 8.4 0.0 0.0 0.0
NEUT9 35.9 23.0 21.1 8.2 0.0 0.0 0.0

The NEUTS5 process had the highest percentage of P,Os in the final product of
all those tested (27.2%). This reason, together with the fact that it is thermally
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suitable for the use of the reactors, made it one of the chosen processes to be
upscaled.

6. BIOBASED COATINGS AT DEMONSTRATION SCALE (ECOAT
PLANT).

The B-FERST project aims to demonstrate the feasibility of producing
innovative biobased fertiliser products. These fertiliser products will be
manufactured in one demonstration plant covering three main stages:
(1) A nutrient recovery stage (mainly P and K); (2) a granulation stage, and
(3) an addition of biostimulant (Non-microbial plant biostimulant (NMPB) or
Microbial plant biostimulant (MPB)) with the requirement of a coating stage.
It will be validated within the B-FERST project at a 1 ton/h demonstration
production scale (1:15), paving the way towards full industrialisation. Figure 6
shows this global integration towards the production of biobased fertilisers.

Nutrient
Recovery
Process

WWTP- Sewage
Sludge

Animal by- Agriculture

products Foae Fertiliser Advanced

Agricultural by- Industry Fertilisers
products

Precision

Agri-food Agriculture

industry

Biostimulants

Coating Agents

Figure 6: Fertiliser demonstration plant integrated system.

Satellite

Technologies
(ICT)

The demonstration Coating plant has been designed with the flexibility to coat
1.0-1.5 t/h of biobased fertilisers and organo-mineral biobased fertilisers with
different coating agents (biodegradable) as well as with the addition of liquid
biostimulants (NMPB or MPB).

In order to achieve the maximum operational flexibility in the coating plant,
three coaters are being installed, allowing the addition of different kinds of
coating agents that can be added at low or moderate temperatures, or are very
viscous, or solids, even suspensions.

It will allow the successive feeding of several layers of different types of
coating agents combined with the addition of biostimulants. Thus, for
example, in the case of MPB, the fertiliser granules can be coated with a
previous layer before adding the MPB to ensure the conservation and
development of microorganisms in the soil.
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The selected developed coating materials will be introduced into the
respective tanks to coat the surface of the fertiliser granules by spraying
systems. The properties of the biodegradable compounds (temperature,
viscosity, adherence) must be such that they allow a homogeneous and good
coating quality around the granule, avoiding an increase in the temperature
and humidity of the fertiliser. The finished coating at room temperature will
prevent compaction of the granules, allowing their good preservation during
storage. Figure 7 shows a summarised flow diagram of the coating plant.

Solid additives

Screening
~ system
- -

Scrubber

Uncoated
Biobased NPK
1t/h

>

Liquid Additives:
MPBs, NMPBs,
others

[ Liquid Additives:

MPBs, NMPBs,
Biodegradable others
coatings

Figure 7: Flow diagram of the coating demonstration plant.

Trials carried out with the pilot plant have provided a basis for the
development and implementation of the coating demonstration plant. These
trials also helped in the final definition and optimisation of the selected
additives: MPBs, NMPBs and biodegradable coatings.

7. CONCLUSIONS.

The promotion of the circular economy in the production of fertilisers from
biowaste can be an interesting alternative to reduce dependence on nutrients
from abroad and the C footprint.

A list of optimised selection criteria and models to identify the most
promising biobased sources have been validated: biowaste quality, security,
regulation, processing feasibility, logistics-availability, stability, economic
feasibility and carbon footprint. A requirement table has been developed.

Composition concentration, variability and homogeneity, location,
production, quality, regulatory aspects and energy consumption have been
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identified as the main bottlenecks for the implementation of the biobased
sources within the fertiliser industry value chain.

A new versatile nutrient extraction process has been validated at pilot plant
scale, and is currently being upscaled into a demonstration plant.

A new flexible coating demonstration plant is currently being built, using the
results from the pilot plant scale.

Effective replacement of part of the conventional mineral raw materials by
biobased material as nutrient sources and special additives has been
demonstrated in the fertiliser manufacturing process at pilot plant scale,
reaching the incorporation up to 65% biobased materials.
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