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1 Summary

Struvite is considered a source of recovered phosphorus, that can replace phosphate rock in the production
of fertilisers. The ongoing revision of the fertiliser directive may enable the inclusion of struvite into the
legislation for the production of secondary raw material-based fertiliser. Evidence from the SUSFERT project
indicates that 13 of the 14 struvite samples analysed can meet the proposed chemical fertilizer requirements
of recovered phosphorus (Deliverable 1.3 and upcoming publications). However, the physical properties of
the struvite may affect the further utilisation of struvite. As it is the aim of the SUSFERT project to develop
multi-purpose bio-based fertilizers, the objective of this deliverable is to indicate possible routes for struvite
to replace phosphate rock in the commercial N-P-K (nitrogen, phosphorus, and potassium) fertiliser
manufacturing processes depending on its physical properties. The key physical properties that are
suggested to determine the further manufacturing route are granule size and shape. Two pathways for using
struvite as P-source in the fertilizers manufacturing processes have been identified:

a. Direct blending: Spherical granules of >1Tmm can be directly blended to produce NPK
fertilisers

b. Granulation: Granules of <1Tmm or granules that are not spherical must be reprocessed, likely
through granulation

Of the two processes, blending is suggested to be the preferred process as the exposure of struvite to heat
during the granulation process is likely to affect its chemical structure. Results of the Deliverable 1.3 of
SUSFERT indicated that struvite produced from digestate cannot be used directly for blending in N-P-K
fertilisers as the granules are not spherical and mainly below 1 mm. Blending is the most suitable pathways
for struvite produced from centrate of anaerobically digested sewage sludge. Struvite from potato
wastewater treated in an Up-flow anaerobic sludge blanket (UASB) may be suitable for blending, but tends to
have most granules below the desired 1 mm. Struvite that cannot be blended is suggested to be used in the
granulation process or in specialised applications, such as growing media. Further researches should be
directed towards struvite precipitation processes optimisation to seek to increase granule size reliably to
>1mm, especially for struvite originating from potato wastewater.

The sole responsibility of this publication lies with the author. The European Union is not responsible for any
use that may be made of the information contained therein.
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2 Introduction

To the knowledge of the authors, struvite production from wastewater is currently implemented and
operational at industrial scale in at least 26 wastewater treatment plants and 4 potato wastewater treatment
plants in Europe. A first wave of struvite reactor implementation took place in the period from 2005-2010. The
driver for this implementation was mainly an effective removal of P from digester effluent. Furthermore,
controlled struvite precipitation was implemented to reduce the spontaneous precipitation of struvite in pipes
and pumps and hence to minimise operation and maintenance costs. Similarly, struvite precipitated on
digestate as a substrate also enhanced dewaterability of the sludge (3-5%), thus reducing maintenance costs,
sludge disposal and polymer dosing for wastewater treatment plants (Li et al. 2017). Parallel to this
development, struvite received also increasing interest as a fertiliser, with several studies providing evidence
for good slow release fertiliser properties of the struvite and a relatively low contamination with heavy metals.
Eventually, this interest, in combination with a looming decline of quality and quantity of P resources globally,
has now led to the ongoing process of revising the EU fertiliser directive (EC No 2003/2003) to include also
secondary raw material-based fertiliser products (European Parliament 2003, Huygens et al. 2018). The final
objective of the new directive is to replace P-rock as a raw material in fertilisers originating from recovered
sources, one of which is struvite. For the first time, Deliverable 1.3 and upcoming scientific publications of the
SUSFERT project (hereinafter simply referred to as D1.3) detailed the physico-chemical aspects of struvite
currently available from industrial facilities in Europe. A key finding of the project is that 13 of the 14 analysed
samples meet all the legal requirements proposed by the STRUBIAS working group (Huygens et al., 2018).

For the perspective of commercial exploitation of the produced struvite, the findings of the D1.3 are extremely
positive as they suggest that, from a legal perspective, nearly all struvite sampled can be directly utilised either
as fertiliser or as P source in the fertiliser manufacturing. These findings show that struvite production has
become a mature technology and it lines up with the findings of Egle et al. (2016) who concluded that struvite
crystallization research concentrates on improving process conditions (temperature, foreign ions, pH etc.),
reactor design and applicability to different wastewater streams. The results of D1.3 further demonstrate that
the complexities of struvite production that are governed by several interacting parameters such as: pH,
concentrations of Mg?*, NH4* and PO ions, temperature, mixing energy, the presence of Ca®* ions and
alkalinity have been successfully combined to produce a struvite of mainly good chemical quality (Hutnik et al.
2011). Another implication is that the suggested presence of impurities and contaminants such as total
suspended solids and heavy metals in the substrate is not a concern for the chemical quality of the final product
as far as meeting legal limits is concerned (Li et al. (2016), Ping et al. (2016), Taddeo et al. (2018).

However, while these conclusions suggest an overall good chemical quality, high variability has been found in
the physical properties of the sampled struvite. The major parameters are:

e Size of the struvite granules
e Shape of the struvite granules

These physical properties affect the final usability of struvite and hence the commercial exploitation pathway
that can be targeted. Modern fertiliser application equipment requires specific granule sizes for application in
rows (small granules 1-2.5 mm), spreading (macro granules 2-3.5 mm) or can make use of smaller granules (<1
mm) in specialised application such as growing media (Grunert et al. 2019). In addition, land application of
fertilisers relies on a relatively homogenous size distribution and a spherical shape of the granules to ensure
optimal application. Finally, if struvite is to be used in an N-P-K fertiliser, the P contained in struvite must either
be incorporated into a complex granule or blended with other N and K granules (section: 5). In particular for
blending, the physical properties (i.e. size and shape) need to be similar to those of the N and K granules.

Given the importance of the physical properties, it is the objective of this deliverable to indicate possible routes
for struvite to replace phosphate rock in commercial fertiliser manufacturing processes as a function of its physical
properties (i.e. granular size and shape).

This project has received funding from the Bio Based Industries Joint Undertaking (JU) under grant agreement No 792021. The JU
receives support from the European Union’s Horizon 2020 research and innovation programme and the Bio Based, Industries Consortium.

P Horizon 2020 . . 0
PSRN European Union Funding %\B|O based Industries RD' 3
4 |

for Research & Innovation



&Y SUSFERT

3 Description of struvite granules

Fehler! Verweisquelle konnte nicht gefunden werden. shows the particle size distribution of 14 different
struvite samples. It distinguishes between struvite from:

e type I: struvite precipitated from solid-liquid separated wastewater streams such as centrate of
municipal wastewater treatment,

e type Il: Up-flow Anaerobic Sludge Blanket reactor (UASB) effluent (i.e. solid-liquid separation in the
reactor) of potato wastewater treatment and,

e type lll: struvite precipitated directly from digestate (after a continuous stirred anaerobic reactor) of
municipal wastewater treatment.
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Figure 1: Mass fraction distribution per particle size for all analysed struvite samples. Coloured bars represent struvite
from centrate (type 1), bars with the black outline only indicates struvite from UASB effluent (type Il), struvite with a
pattern fill is sourced from digestate (type IIl).

In the 14 analysed struvite samples most of the granules are between 0.5 and 2 mm (on average 84%).
However, an average of 12% of the mass of these granules are smaller than 0.5mm, while only 3% reach sizes
>2mm (Fehler! Verweisquelle konnte nicht gefunden werden.). Investigating the different struvite types
more closely shows that except for one sample, the struvite from centrate (type I) have more than 60% of the
mass of granules in the 1-2mm size range (Figure 2). Granules from UASB effluent (type Il) tend to be
somewhat smaller with a peak in the 0.5 — Tmm range and only about 30% of the struvite mass in the size
range from 1-2mm. Struvite from digestate (type Ill) has only between 5.7-27.4% of the granules in this size
range. Granule sizes above 2mm were found in a total of 11 samples, they mostly constitute a share lower
than the 5% of the samples overall mass. Three samples deviate from this finding. One sample from centrate
showed peak values in the 1.6-2mm size ranges, and 12% of the total mass in the range of 2-2.5 mm.
Therefore, this sample had the largest granules. The other two samples (originating from digestate and
potato wastewater) were rather heterogeneous with a distribution of granules across the available range. One

This project has received funding from the Bio Based Industries Joint Undertaking (JU) under grant agreement No 792021. The JU
receives support from the European Union’s Horizon 2020 research and innovation programme and the Bio Based, Industries Consortium.
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of these samples had no distinct stable granules, but rather a floc like structure that lumped together and
tended to disintegrate.

These results suggest that samples sourced from centrate of municipal wastewater do currently most reliably
fall in the 1-2mm size range, with at least one sample approaching the 2-2.5mm granule size range. Potato
struvite (type Il) has granules that are somewhat smaller, one sample also demonstrated a poorer quality.
Struvite directly precipitated from digestate (type Ill samples), tend to be more heterogeneous and to have
most granules in the 0.5-1mm size range. Digestate has higher total suspended solids (TSS) concentrations
than centrate or UASB effluent. This TSS may act as a precipitation nucleus in the precipitation process
resulting in small and more irregular granules (Ping et al. 2016).
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Figure 2: Percent of mass in the size range 1-2 mm. Blue bars represent struvite from centrate (type 1), bars with the black
outline only indicates struvite from UASB effluent (type Il), struvite with a pattern fill is sourced from digestate (type IIl).

Figure 3 shows another generally observed difference between struvite precipitates. As reported also by Ping
et al. (2016), it was found that struvite crystals from centrate or UASB (type |+1l) appear macroscopically (not
considering smaller than 0.2mm) spherical, while crystals sourced from digestate (type Ill) appear more rod-

shaped with pointed ends. One specific sample from potato wastewater could not be classified in this binary
category, as it showed a different shape and structure.

Figure 3: Comparison of physical appearance of struvite from digestate (left) and centrate (right).

This project has received funding from the Bio Based Industries Joint Undertaking (JU) under grant agreement No 792021. The JU
receives support from the European Union’s Horizon 2020 research and innovation programme and the Bio Based Industries Consortium.
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4 Implications of characteristics of struvite
granules

As pointed out above, modern fertiliser application equipment requires specific physical characteristics of
fertiliser granules for optimal performance. The SUSFERT project aims to produce micro granules of 1 mm
and larger conventional granules of 3 mm. Furthermore, the granules must be spherical to ensure optimal
application. The evidence presented above suggest that both criteria cannot be met by all types of struvite
sampled. Type | struvite from centrate tends to meet the criteria for size and shape, while also being rather
homogenous. Type Il struvite from potato has an appropriate shape but shows somewhat smaller granule
sizes. Finally, type Ill struvite directly sourced from digestate, cannot meet the requirements of granular size,
shape and homogeneity. The implications for use of these three different types of struvite in fertilisers
manufacturing are discussed in the following.

There are three pathways to produce P-fertiliser from phosphate rock (European Phosphate Fertilizer Alliance
2019). These pathways involve the chemical transformation of P-rock, from poorly soluble and plant
available, into more dissolvable and plant available forms.

About two-thirds of the phosphate fertilisers' production is currently performed through a treatment of
phosphate rock with sulfuric acid to create phosphoric acid, which is then used to produce diammonium
phosphate (DAP) or monoammonium phosphate (MAP). DAP is typically 18-46-0 (i.e. contains 18% N, 46%
P.Os and 0% K:O), whereas MAP can be between 10-50-0 and 11-55-0. MAP and DAP can be used as the
final fertiliser or as input for NPKs (European Phosphate Fertilizer Alliance 2019).

Another route also uses sulfuric acid, but in smaller quantities in relation to phosphate rock, which results in
superphosphate (SSP, typically between 0-16-0 and 0-22-0) or triple phosphate (TSP, typically ranging
between 0-44-0 and 0-48-0). These can be used as final fertilisers, or as inputs for NPK fertilisers.

The third route consists of treating phosphate rock with nitric acid to obtain compound fertilisers. Phosphoric
acid and calcium nitrate are formed as intermediary products, which then react.

The resulting materials from these three routes can then be used to produce NPK fertilisers. In general, they
can be divided into blended, compound and complex NPK fertilisers (Huygens et al., 2018).

¢ NPK Blends are physical mixes of different fertilisers (e.g. ammonium nitrate (AN), monoammonium
phosphate (MAP) or potassium chloride (KCl)), so that the proportions of N, P and K correspond to
the desired value..

e Compound NPK fertilisers are physical mixes. Ingredients such as AN, MAP and KCl can be mixed in
the correct proportions for the amounts of N, P and K required. This mix is then ground down to a
fine powder, thoroughly mixed and granulated. This ensures that the desired N, P and K proportions
are present in each granule, but without the involvement of wet chemistry.

e Complex NPK fertilisers are produced by a chemical reaction in a chemical plant. For example, an
NPK fertiliser can be made by reacting nitric acid with phosphate rock to make an ammoniated
phosphate, followed by the addition of KCI and granulation. The resulting product will have the same
proportions of N, P and K in each granule.

Figure 4 shows two potential routes how struvite can enter the fertilisers’ manufacturing processes. Struvite
can either be used as a P rich raw material in the granulation process, or it can be used to be blended as it is.
Which route is to be chosen, and therefore which fertiliser product to target depends of the physical
properties of struvite. Although, to the authors knowledge, blending is more generally applied for granule
sizes larger than 2mm, type | and Il struvite precipitates are suggested to be physically mixed with other
fertilisers (blended) as they have spherical shape (e.g. for example for application in rows where smaller
granules can be applied — section 1). Moreover, struvite samples form 6 specific sites resulted in granules

This project has received funding from the Bio Based Industries Joint Undertaking (JU) under grant agreement No 792021. The JU
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sizes close to the ones used for blending (>1-2mm) for more than 50% of their granules. However, a sieving
process can be implemented before blending to exclude smaller or very large granules. The unusable fraction
from sieving may enter a granulator together with type Il struvite. However, although this route for struvite
processing provides the manufacturer the full control over the physical properties of the final granule, several
trade-offs are associated with the granulation process.

Granulation involves heating of struvite to more than 40°C. Huygens et al. (2018) suggested that struvite
should not be heated above this temperature as this will result in the volatilization of NH3, leading to a loss
of valuable nitrogen and potential environmental damages if emitted: particulate matter formation,
acidification of soils and nitrogen pollution. Furthermore, heating struvite above 40°C is likely to change the
chemical structure of the struvite crystal. In alignment with other studies (Doyle and Parsons 2002), the
ongoing research of SUSFERT indicates that heating results in the transformation of crystalline compounds to
more amorphous species. The impact this may have on the solubility kinetics of struvite is currently
investigated in the SUSFERT project.

Given the potential disadvantages of granulation, one further alternative for struvite utilisation could be
specialised applications such as mixing struvite as a P source into growing media (Grunert et al. 2019).
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Figure 4: Potential routes for processing struvite into an NPK fertiliser, production process simplified (adapted from
European Phosphate Fertilizer Alliance 2019).

5 Summary of recommendations

Fertiliser manufacturing processes and types of struvite should be appropriately matched. Specifically:

a. Spherical granules of >1Tmm or above should be directly blended to produce NPK
fertilisers where possible.

This project has received funding from the Bio Based Industries Joint Undertaking (JU) under grant agreement No 792021. The JU
receives support from the European Union’s Horizon 2020 research and innovation programme and the Bio Based, Industries Consortium.
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b. Granules <Tmm or granules that are not spherical should be reprocessed, likely through
granulation or they can be applied in specialised applications (growing media).

In this context, struvite producers should consider operational parameters or reactor types with specific
applications in mind. Current evidence suggests that struvite from digestate cannot be used for blending
mainly due to the shape of the crystals. For struvite produced on substrate, such as centrate or UASB effluent,
blending is likely to be considered the preferred route. However, a number of these processes need
improvement to allow a reliable increase to a granule size of >1Tmm or even >2mm. This may be realised
through optimisation of operational parameters such as an increase of granule retention time, influent P
concentrations, purity of influent (other ions and TSS) and pH (Hao et al. 2008, Matynia et al. 2013, Ping et al.
2016).

This project has received funding from the Bio Based Industries Joint Undertaking (JU) under grant agreement No 792021. The JU
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