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Executive Summary

The present deliverable 'D1.7 report on EU nutrient recovery technologies and derived products'
compiles information on nutrient recovery technologies and products across Europe from
regions own resources and from existing EU projects and nutrient recovery platforms.
Information was collected by each partner within the consortium by using a template Teagasc
created to collect available information. This deliverable will feed information for the rest of
WP1 activities, creating an easily accessible online inventory and mapping nutrient orientated

labs which a selected number will serve as lighthouse demos and will be strongly linked to
dissemination activities in WP6.
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1 Introduction

In line with the Zero Pollution action plan, the “Farm to Fork” strategy and the new Fertilising
Products Regulation, NOVAFERT will demonstrate the technical, economic, and environmental
feasibility and safe use of a wide portfolio of at least 25 alternative fertilising products, with the
goal of facilitating the replacement of synthetic and mineral fertiliser's to reduce environmental
impact and external nutrient dependency in Europe.

The objective of this deliverable is to build an inventory of current and promising alternative
fertilising products across Europe (Fig 1). The inventory will be later available online allowing
to easily access all the information (D1.2). Afterwards, at least 25 fertilising products will be
selected and evaluated with regard to their environmental impact and safety, as well included
in novel, circular and green business models in subsequent NOVAFERT studies.

The Alternative fertilising products are produced from different nutrient-rich side-streams.
When treating nutrient riche side streams with the aim to recover nutrients, the technology
chosen will vary depending mainly on the characteristics of the side stream, which will have a
strong influence on the composition and properties of the resulting fertiliser/end-product.
Therefore, NOVAFERT will promote the recovery and recycling of nutrients from 6 different
nutrient rich side streams in Europe. The selected side streams are those leading to
deterioration of the environment due to poor utilisation of their nutrients in representative
countries of Eastern, Western, Northern, and Southern Europe, and that are responsible of
creating nutrient hot spot areas. The selected regions and waste streams are:

e Biological by-products including i) Agricultural by-products (straw, green maize, grass,
waste water) and animal by-products (bones, blood, and manure): in Ireland

e Municipal biodegradable waste streams (bio-waste and sewage sludge): in Andalusia

e Bio-waste, animal manure and digestate: in Croatia

e Animal manures and digestate: in Flanders

e Municipal biodegradable waste streams (sewage sludge) and digestate and animal
manure: in Poland

e Manure, digestate and bio-waste: in Finland

The new Fertiliser Product Regulation (EU 2019/1009) implemented in the EU from July 2022
onwards sets criteria for CE-marked fertilisers, allowing free movement of alternative fertilising
products across the EU and encouraging their use. However, there is still low awareness
between the agricultural practitioners about these commercially “ready for practice”
technologies drawn from high maturity research and the derived products. It is essential to
spread the knowledge and information about the insufficiently exploited N/P recovery
innovations. Thus, this deliverable aims to providing some general information about the

regional distribution, characteristics, applications, availability and opportunities of the
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technologies and products, and to serve as the basis for the environmental analyses that will
be done in WP2.

There is a diverse range of technologies that can be applied for processing nutrient rich side
streams. However, not all of them can be considered as nutrient recovery technology. We
consider a nutrient recovery technology a process that creates an end-product with higher N
or P concentrations than the untreated stream, or that separates the N and P from organic
compounds, with the aim to produce an end-product that is fit for use in the chemical or
fertiliser industry or as a chemical fertiliser substitute. Based on their fertiliser composition, we
classified the current available recovered products as N&P, N or P products. For the purpose
of this deliverable an alternative fertilising product is defined as any product that is not
classified as a synthetic mineral fertiliser and is derived from a raw feedstock which has
undergone a nutrient recovery process to further refine the product into a more stable form
for land application. This can include by-products from technologies which main aim is not to
recover nutrients (e.g., the digestate produce after anaerobic digestion). The by-products from
non-specific nutrient recovery technologies (digestate, compost) would be also considered as
alternative fertilising products as they are included in the new Fertiliser regulation. However,
more concentrated fertilising products derived from nutrient recovery technologies (as define
above) may serve as an economic benefit for transportation costs, application to land etc.

NOVAFERT will create an Atlas of the nutrient-oriented living labs (also known as sites in the
new Soil mission lexicon) with the aim to support the development of sustainable local value
chains and existing best practices (later analyse in task 1.4). By regionally contextualizing and
interlinking all main recovering technologies and products, and technically connecting all value
chains and key relevant stakeholders. Moreover, Novafert develops a portfolio of support
policies and legislative instruments suitable for local deployment in the EU regions through 7
specific action plans and 4 policy briefs. Thereby Novafert brings together the necessary
information for efficient and safe use of alternative fertilising products to help decision-making
on valorisation employed in nutrient recovery.

Page 8 of 68

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do
not necessarily reflect those of the European Union or the European Research Executive Agency (REA). Neither
the European Union nor the granting authority can be held responsible for them.




Novafert
2 Methodology

Within the consortium, a variety of geo-climatological regions were represented. The map
below (Fig 1) represents each region contributing to task 1.1 and the main side stream covered
by each region. This report aims to satisfy the objective described in task 1.1: to map nutrient
recycling technologies and products from the regions own resources, nutrient orientated EU-
projects, thematic networks and EU nutrient platforms and associations (Fout!
Verwijzingsbron niet gevonden.).
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Targeted dary raw ial O “l";\g:::n ng 'W': Bio-waste, digestate & manure O
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Bio-waste & biological by-products 0 knowledge sharing with Key stakeholders in this region: .
Key stakeholders in this region: the * Ministry of Agriculture and Forestry of )
Finland
* Dept. of Agriculture, Food & Marine * Centra Union of Agricultural Producers and
* Irish Farmers Association Forest Owners
* Irish Nutrient Sustainability Platform * ProAgria
s Yara
/ CATALONIA (SPAIN) o POLAND
Targeted secondary raw material: ; N Y &
g ‘ Py - ¢ Ay Targeted dary raw fal: Sewage
Animal manure y i / 3
I A b p ¥ ™y sludge, animal manure & digestate
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+ Catalan Government, Department of Climate "J " - Key stakeholders in this region: ‘
Action, Food and Rural Agenda s 1 " * Ministry of Agriculture and Rural e
+ Catalan Federation of Cooperatives (FCAC) % = : J Development >
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livestock in Osona Brwindw .
¢ Fertinagro

4 * Grupa Azoty

FLANDERS (BELGIUM)

Targeted secondary raw material:
Animal manure & digestate

Targeted secondary raw material:
Bio-waste, animal manure & digestate

ANDALUCIA (SPAIN) 7 . ¥
Targeted secondary raw material: .(\
Wastewater & sewage sludge _!
Key stakeholders in this region: CROATIA 5 &

-
Key stakeholders in this region: ‘
* Viaamse Land Maatschapplj (VLM)
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« FERAGUA Key stakeholders in this region: 5 %)
* Spanish assoclation of agronutrients
producers (AEFA)

*  Kimitec

* The Ministry of Agriculture
* Croatian Chamber of Agriculture
* Timac Agro

Figure 1 overview of the secondary raw materials covered by each region

A methodological approach for collecting different existing and novel alternative fertilising
products was elaborated. The selection was based on following consecutive steps:

i) Teagasc created a first draft of a template to compile all available data from
technologies and fertilising products. The purpose of the template was to gather
information on technologies with a TRL of five and above. Type of information
collected from these technologies included: Processing conditions, processing
capacity, CAPEX & OPEX costs, Legal status, output & source material, country,
product characteristics including: DM%, humidity%, N, P, K, S, pH, organic carbon%,
form/state of the product, method of application, LCA reference, organic
certification?, availability and any results of agronomic performance using the type
of product.
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i) Feedback meetings were organised with the consortium to discuss which missing
information should be included in the template.

iii) Once the template was finalised in November 2022 with the agreed data to be
collected, it was distributed amongst the partners to fill it in with the information
from their own regions and from EU projects that covered the identified waste
stream for their own areas (e.g. projects that dealt with nutrient recovery from
wastewater were scrutinised by BIOAZUL)

iv) Monthly WP1 meetings were organised to help filling the template with the
information each partner collected and solve doubts.

V) Data from nutrient related EU projects that covered several regions or waste
streams (e.g., NUTRIMAN or FERTIMANURE) was added in the template by the
partner who participated (or led) the project, i.e., data from Nutriman was added by
UGENT and data from FERTIMANURE was added by BETA. Data was also added
from other EU projects and sources including Yara Eco ltd, Sea2land, Systemic,
Walnut, Nutri2cycle, ReNu2Farm, Lex4bio, Inagro, water2Return, RichWater,
DESERT, SABANA, INCOVER, ALGAENAUTS, REUTIVAR and ENRICH.

Vi) The JRC's STRUBIAS project and the SAFEMANURE project were also screened by
Teagasc throughout the process for compiling data on suitable products &
technologies.

vii) Furthermore, a Data Transfer Agreement was signed between the Novafert
consortium and the Lex4Bio project which allowed Novafert to screen the products
that they identified during their interviews.

*  LCAref * recovery: composting, anaerobic digestion.

*  Organic certification?

1
1 1
1 1
1 1
1 1
1 . 1
! EU nutrient related Each partner !
i projects targeted waste |
1 1
i i
1 1
1 . 1
' Strubias + Safe ESPP/other !
: Manure project networks inventory i
1 1
i i
1 1
1 1
1 1
1 1
1 1
i Parameters i
1 B . .
: identified Template Database Deliverable Public report i Summary Online Inventory
i i
1 1
: : « products origin: (i) digestate, (i )manure, (iii)
: : wastewater and sewage sludge, (iv) bio-waste and
i Minum info Product Technology ! . biologel byproducts
1
1 : * CAPEXand OPEX: production costs
" Product «  Nutrient content + TRL 1 « legal status (regional/national/EU)
1+ Country - pH *  Description process ! * Technology category:(i) thermochemical nutrient
e \Waste source . form + Processing capacity : recovery (ii) P precipitation (iii) physical-chemical
1+ Collection source + Spreading method + CAPEX, OPEX i nitrogen recovery (iv) biological nutrient
1 1
i i
1 1
1 1

*  Availability (volume)

S D1.1 -~ D1.2
Figure 2 T1.1 Novafert methodology

Information on technologies and products were gathered from Technology Readiness Level

(TRL) of 5 and above.
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The members of the consortium which participated in this task are as follows:

Table 1 Participating regions within the consortium

Region Expert representative

Ireland Agricultural research organisation Teagasc
Catalonia | Fundacio Universitaria Balmes

Andalucia | Biozul, SL

Finland Luonnonvarakeskus

Poland Instytut Gospodarki surowcami mineralnymi | Energia Pan
Flanders Universiteit Gent

Croatia IPS Konzalting Doo Za poslovne Usluge

Each region was tasked with compiling information on technologies and products from a
targeted waste stream as described above. This is a guideline used within the project to focus
on the waste streams which is more common in each region. However, when carrying out
research for this task, members from each region did not use this as a limiting factor to include
technologies and products from other waste streams also available within their region.

To consolidate the regional aspect of the task findings, the data compiled from each region
was divided into the geographic regions of Northern Europe, Southern Europe, Eastern Europe
and Western Europe, following the guidelines of the United Nations Statistics Division (United
Nations statistics division, 1999), (fig 1). Taking this approach for representing the data allows
to have both a European wide view and a European regional view and to include all
technologies and products derived from different waste streams. This approach was taken by
a consortium in another EU funded project “Nutri2cycle” which represented simplified and
quality data by using this method. The regions were divided as follows:

Northern Europe — Ireland & Finland

Western Europe — Flanders

Southern Europe — Catalonia, Andalucia & Croatia
Eastern Europe — Poland

The map below (fig 3) visually represents each region involved in task 1.1 which are divided
into geographic regions.
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Legend
[] Northern Europe
[ Western Europe
[T] Southern Europe

[ Eastern Europe
Figure 3 visual representation of the U.N geographic regions of Europe

The next section 3. Results & Discussion, summarises 47 technologies and 86 products
compiled throughout the data collection in task 1.1.
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3 Results & Discussion

The consortium compiled information on 47 nutrient recovery technologies and 86 associated
products which was provided to Teagasc, who screened it for any redundant or overlapping
information. The below graph (fig 4) represents the number and type of nutrient recovery
technologies which were found across Europe when carrying out this task.

Available nutrient recovery technologies across

Europe
Biological nutrient recovery 18
Physical-chemical nitrogen recovery 15
Thermochemical nutrient recovery 9
P precipitation 5
0 5 10 15 20

Number of technologies

Figure 4. Available nutrient recovery technologies in Europe

The most common technologies such as composting, anaerobic digestion, mechanical
separation were found in all regions. The readily available information on these technologies
and products is presented in this report, while more detailed information can be found in the
Annex. Below (fig 5) represents the total amount of the different types of products which were
derived from the nutrient recovery technologies displayed above. Products which were derived
from biological and physical-chemical nitrogen recovery were most commonly used across
Europe especially in intensive agricultural areas in Ireland, Flanders and Finland.
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Products being currently used across Europe

Bio-stimulants 2
Granular/pelletised & powder 22
Digestate, compost & other biomass 31
Ash 2
Struvite 3
Mineral concentrates 21

Biochar 5

0 5 10 15 20 25 30 35

Number of products

Figure 5. Products being currently used across Europe

The technologies and products were sorted by their respective regions, as described in
section 2, and the most commonly compiled ones by the consortium from EU platforms and
their own resources are documented in Tables 2, 3, 4 and 5.
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3.1 Northern Europe (Ireland and Finland)

The pre-identified waste sources for northern Europe were: Bio-waste and biological by-
products, digestates and manure. After the screening in task 1.1, these sources were still
identified as the most common to recover nutrients: Animal manure, digestate, green waste,
agricultural by products and household bio-waste. The graphs below represents the total
number and most common nutrient recovery technologies (Fig 6) and available products (fig
7) which are derived from the technologies in Northern Europe.

Technologies in Northern Europe Products in Northern Europe

2 22

Scrubber solution & mineral concentrates

P precipitation )
Granular/pelletised & powder

Thermochemical nutrient recovery .
Struvite

Physical-chemical nitrogen

recovery
Biological nutrient recovery

Biochar
Digestate, compost & other biomass

Figure 6. Types of technologies in Northern Europe Figure 7. Types of products in Northern Europe

There are a wide range of nutrient recovery technologies and derived products available on
the market across Northern Europe. The most common are: Drying & pelletising, composting,
air scrubbing and P precipitation with TRL varying from 6-8.

1- Drying, mixing, pelletising and granulation of raw materials such as chicken/horse
manure, biowaste such as seaweed, vinasse powder or potato starch, or biological
by-products such as feather meal, meat and bone meal, or blood meal, mixing them
with potassium sulphate, kieserite, or apatite. Each time a specific combination of
ingredients to produce the alternative fertilizer is used. E.g. in Finland the following
products are produced and available on the market and are manufactured for use in
various land use applications: i) Biolan Ravinnepuikko is a high Dry Matter (DM) %
granulated product that serves as a unique source of nitrogen (N), phosphorus (P),
potassium (K), and sulphur (S).ii) Biolan Hevonkakkalannoite and Biolan kanankakka are
granulated products that serves as sources of N, P, and K, but with different input
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sources, iii) Biolon Havu-ja rodolannoite is a high DM% powder product that is a
predominant source of N and K, with lower concentrations of P and S, iv) Biolan Marja-
ja hedelmalannoite, and Biolan Peruna — ja juureslannoite are granulated products that
serve as predominant sources of K with lower concentrations of N, P, and S, v) The Arvo
series of fertilisers, including Arvo 11-1-2-1, Arvo 3-1-7-3, Arvo 3-1-15-5, Arvo 4-1-3-
1, Arvo 4-1-6-2, Arvo 8-1-2-1 and Arvo 8-1-5-2, are granulated products with varying
concentrations of N, P, K and S using chicken manure as a primary ingredient, with
additional ingredients such as blood meal and potassium sulphate to add specific
nutrient content.

2- Composting is a popular technology in Northern Europe E.g., i) in Ireland a TRL 9
processing plant is composting and pelletising poultry manure, processing it into a
high DM% pelletised product which is a good source of N, P & K and can be easily
transported and applied to land. This processing plant has also scope to produce a
product for use in an organic system; ii) Composting of household bio-waste is carried
out in Finland to produce a solid material known as bio compost which is a source of
N, P, Kand S; iii) the mushroom industry in Ireland also produces a biological by product
known as spent mushroom compost. This product is used for mushroom production
and is a mixture of chopped wheaten straw, poultry manure, horse manure, and
gypsum. Once the mushroom compost leaves the facility as a by-product it is known
as spent mushroom compost, which is a fine/crumbly mass material that is a source of
N, P, K and S (Walsh, Grogan, Kelleger, Plunkett, & Lalor, 2013). Nutrient content in
spent mushroom compost varies from different DM % and storage facilities.

3- Another common technology found in In Finland is gas scrubbing. The common
practice is to convert ammonia gas that is released during chicken manure composting
into a liquid form using lactic acid, potassium sulphate, and water. This technology
produces products which are available on the market in Finland. These products are
liquid fertilisers and are a predominant source of N and K, and in some cases S.

4- Precipitation of P by cations is a common technology used by milk processing plants in
Ireland to recover P from wastewater produced from milk processing. The product
from this recovery stream is a semi-desiccated sludge which is a predominant source
of P and is spread on grassland and arable land. Recovering phosphorus and
ammonium sulphate from waste water into easily transported forms such as struvite or
pellets is also an increasing technology in Ireland and will be a significant source of
nutrients to reduce the reliance on imported fertilisers in the near future.

5- Anaerobic digestion is also widely used across Northern Europe with a variety of
different feedstock’s being used within this process. In the South of Ireland organic
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material from all sectors is used in anaerobic digestion to produce a by-product called
digestate, a semi desiccated material which is applied on local land for crop production.

Refer to

Table 2 Technologies & products in Northern Europbelow for more information on the nutrient
recovery technologies and products throughout Northern Europe.

Table 2 Technologies & products in Northern Europe

Technology Country TRL Sources Fertilising product Nutrients' Type Other
Nutrients characteristics
0?
Drying, mixing, Finland 9 Chicken Biolan Ravinnepuikko N, P, K, S Granulated High DM%
pelletizing and manure,
granulation seaweed,
(Side streams potato
that have to be starch
treated Horse Biolan N, P, K Granulated High DM%
according to the manure, Hevonkakkalannoite
(EY) N:o feather
1069/2009 and meal,
(EVU) 142/2011 potassium
are treated in sulphate
the dryer, Feather Biolan Havu- ja N, P & K Powder High DM%
possible other meal, meat  rodolannoite
raw materials and bone
are added and meal,
the mix is potassium
pelletised and sulphate,
granulated) vinasse
powder
Chicken Biolan Kanankakka N, P &K Granulated High DM%
manure,
seaweed Biolan N, P & K Granulated High DM%
Luonnonlannoite
Meat and Biolan K &S (N Powder High DM%
bone meal, Parvekekasvilannoite & P)
potassium Biolan Tomaatti- ja K&S (N Powder High DM%
sulphate, vihanneslannoite & P)
kieserite,
blood meal,
seaweed
Meat and Biolan Yrtti- ja N &K (P Powder High DM%
bone meal, taimilannoite &)
blood meal,
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potassium
sulphate
Chicken Biolan K(N, P& Granulated High DM%
manure, Kasvimaalannoite S)
potassium Biolan Peruna- ja K(N, P& Granulated High DM%
sulphate juureslannoite S)
Chicken Biolan Marja- ja K(N, P& Granulated High DM%
manure, hedelmalannoite S)
apatite,
feather
meal,
potassium
sulphate
Chicken Arvo 11-1-2-1 N (P,K & Granulated High DM%
manure, S)
blood meal,
potassium Arvo 8-1-5-2 N &K (P Granulated High DM%
sulphate &S)
Chicken Arvo 3-1-7-3 K(N,P& Granulated High DM%
manure, S)
potassium Arvo 3-1-15-5 K(N,P& Granulated High DM%
sulphate S)
Arvo 4-1-6-2 N &K (P Granulated High DM%
&s)
Chicken Arvo 4-1-3-1 N &K (P Granulated High DM%
manure &s)
Chicken Arvo 8-1-2-1 N
manure,
blood meal
Gas scrubber ( In Ammonia Novarbo Aino 3-0-3 N & K Liquid Suitable for
the production from use in organic
of the fertiliser, chicken production.
the ammonia manure
gas released composting,
during lactic acid,
composting has potassium
been used by sulphate,
turning it into a water
liquid form with potassium
the help of lactic sorbate
acid) Novarbo Aino 1-0-3 N & K Liquid
Novarbo Aino 5-0-0 N Liquid
Ammonia Biolan Ravinneneste N, K&S Liquid
from
chicken
manure
composting,
lactic acid,
water,
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potassium
sulphate,
potassium
sorbate,
seaweed
Precipitation of Ireland 6 Wastewater  Dissolved air flotation P Semi-desiccated
P by cations from dairy sludge material
processing
plant
Activated sludge N &P Semi-desiccated
material
Mechanical Ireland 6 Cattle Liquid and solid K(N, P& Liquid and solid
separation manure fraction of cattle S)
manure
Composting Ireland 6 Chopped Spent mushroom K (N &P) Fine/crumbly mass
wheaten compost material
straw,
poultry
manure,
horse
manure &
gypsum
Finland 9 Household Bio compost N,P,K&  Solid
bio-waste S
Small scale Ireland 5 Manure Poultry manure N, P, K&S Fine crumbly bulk
layers unit material
Drying, heating, Ireland 9 Broiler Dynamo N, P,K(S)  Pelleted High DM%
cooling, manure,
pelletising, seaweed, PK plus P&K(N  Pelleted High DM%
sieving and Bone meal &S)
bagging & blood
meal
Anaerobic Ireland 9 Organic Digestate & N, P &K Semi desiccated
digestion material & sometimes refined material & often
agricultural  further into forms further refined into
by-products  such as ammonium granules/pellets/liquid
from all sulphate pellets
sectors
Grass bio- Ireland 6 Grass Grass whey N, P &K liquid Comparable to
refinery cattle slurry
Drying & Ireland N/A Industrial Pellets N &S Pelleted
granulating waste water
Ostara’s Pearl Ireland 7 Urban Struvite P Struvite
phosphorus waste water
recovery
Pyrolysis Ireland 6 Rushes, Biochar N/A Charcoal like substance  Can be added
bracken, to other
hazel, furze biomass such
as manure,

crop residues
to improve the
soils carbon
store
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Ash2Phos Sweden 8 N/A Sewage sludge N/A Granulated Can also be
process used for
animal feed
Key:

Nutrients! - Predominant source of nutrients

Nutrients ()2— Low concentrate of nutrients

N — Nitrogen

P — Phosphorus

K — Potassium

S — Sulphur

N/A — No answer

Raw data from the template created by Teagasc on nutrient recovery technologies and
products throughout Northern Europe can be found in Annex 1.
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3.2 Southern Europe (Spain and Croatia)

The pre-identified waste sources for Southern Europe were: Bio-waste, animal manure,
digestates and predominantly wastewater and sewage sludge. After the screening in task 1.1,
these sources were still identified as the most common to recover nutrients within this region.
The graphs below represents the number and most common nutrient recovery technologies
(Fig. 8) and product (Fig. 9) derived from the technologies in Southern Europe.

Technologies in Southern Europe Products in Southern Europe
1 3
1
5 2
1
12 h
6

Scrubber solution & mineral

concentrates
Bio-stimulants

P precipitation Struvite
Thermochemical nutrient recovery Ash
Physical-chemical nitrogen recovery Digestate, compost & other biomass
Biological nutrient recovery

Figure 8. Types of technologies in Southern Europe Figure 9. Types of products in Southern Europe

There are several nutrient recovery technologies available in regions across Southern Europe.

1. Anaerobic digestion is also commonly found in Croatia where the byproduct digestate
is further refined into pellets which is a product that is a source of P and K. The product
has a high TRL of 9, indicating that it has been fully demonstrated and tested in its
intended environment.

2. Wastewater treatment In Spain (Andalusia region, Salteras municipality), the
sequencing batch reactor (SBR) and nutrients recovery module produce an enriched
reclaimed water that is a liquid fertilising product and a predominant source of N. The
product also has a TRL of 9.There are two technologies for nutrient recovery from
sludge by-product resulting from wastewater treatment via SBR from the slaughtering
industry in Spain (Andalusia region, Salteras municipality). One technology is the
fermentation process using Bacillus sp., which produces a liquid bio stimulant based on
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hydrolysed sludge and is a predominant source of N. The product has a TRL of 6. The
other technology is AlgaeBioGas (ABG) technology, which produces a liquid bio
stimulant based on algal biomass and is a predominant source of N. Likewise, this
technology is also at TRL 6. Technologies for nutrient recovery from urban waste water
is common in the Andalusia region, Algarrobo municipality. One technology produces
an enriched reclaimed water that is a liquid fertiliser product containing a source of N,
P, and K with a TRL of 6. The second technology integrates different technologies for N
and P recovery, such as struvite, ammonium nitrate, and sludge, in the Murcia Este
waste water treatment plant. The technology produces a liquid product that is a
potential source of N recovery up to 11% and P recovery up to 42% of input material.
The product has a TRL of 6 and is located in the Murcia region, which borders Andalusia
to the East. There are also two technologies located in the Andalusia region, America
municipality that recovers nutrients from wastewater-based algae bio-refinery (WWAB)
and High Rate Algae Pond system (HRAP). The WWAB technology produces a
microalgae hydrolysate that is a source of nutrients. The HRAP system produces a
product which is a predominant source of P from urban wastewater. Both technologies
are at a TRL of 5 and 6, respectively.

3. Within Spain, there are four pilot technologies for nutrient recovery from solid pig
slurry fraction, poultry manure, solid fraction of fish sludge from Recirculating
Aquaculture System (RAS), and solid fraction of fish sludge collected in wastewater
treatment plants (WWTP) in the fish industry. The bio drying technology produces a
solid fertilising product that is a predominant source of K and S (for solid pig slurry
fraction) and N (for poultry manure and solid fraction of fish sludge from RAS and
WWTP.

4. Combustion technology produces an ash fertilising product that is a predominant
source of P and K from pig slurry and bio dried solid fractions.

5. Membrane systems technology produces a liquid fertilising product from the liquid
fraction of pig slurry that is a source of N, P, and K. Finally, a membrane contractor
technology produces a liquid fertilising product that is a predominant source of N from
the solid fraction of pig slurry.

6. In Italy two composting technologies produces granulated products from green
waste, digested mixed waste and food waste. The products have a nutrient source
of N, P, and K and are at a TRL of 9.

Below Table 3 Technologies & products in Southern Europe represents more detailed
information on technologies and products that were collected in regions across Southern
Europe.
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(Mediterranean
case study)

of fish sludge
from RAS

solid fraction

Technology Country TRL Sources Fertilising Nutrients' Type Other
product Nutrients characteristics
0?
Anaerobic digestion  Croatia 9 Digestate Organic- P&K Pelletised
mineral
Sequencing batch Spain (Andalusia 9 Wastewater Enriched N Liquid
reactor (SBR) + region, Salteras from the reclaimed
nutrients recovery municipality) slaughtering water
module industry
Fermentation Spain (Andalusia 6 Sludge by- Bio stimulant N Liquid
process using region, Salteras product based on
Bacillus sp. municipality) resulting from  hydrolysed
AlgaeBioGas (ABG) wastewater sludge
technology, treatment (via  Bio stimulant N
(validated in the an SBR) from based on
frame of Eco- the algal
innovation pilot and slaughtering biomass
market replication industry
project AlgaeBioGas
Waste water Spain (Andalusia 6 Urban waste Enriched N, P & K Liquid
treatment region, Algarrobo water reclaimed
municipality) water
Different Spain (Murcia 6 Urban waste Struvite, N &P Liquid & N recovery up
technologies for N & region - borders water ammonium granular to 11% and P
P recovery are Andalusia to the nitrate and recovery up to
integrated in the East -, Murcia sludge 42% of input
existing Murcia Este  municipality) material
WWTP.
Wastewater-based Spain (Andalusia 5 Wastewater Microalgae N/A N/A
algae bio-refinery region, Almeria (sewage, hydrolysate
(WWAB). municipality) centrate and
pig manure) +
marine water
Wastewater is Spain (Andalusia 6 Urban N/A P N/A
treated by a 3000 m2 region, Almeria wastewater
High Rate Algae municipality)
Pond (HRAP) system.
Thermal pre- Spain (Andalusia 6 Urban N/A N/A
treatment and region, Almeria wastewater
anaerobic co- municipality)
| _digestion
Bio drying Spain Pilot Solid pig Bio dried K&Ss Solid
slurry fraction  solid fraction
Poultry Bio dried N Solid
manure solid fraction
Spain Pilot Solid fraction Bio dried N &P Solid
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Spain (Fresh Pilot Solid fraction Bio dried N Solid
aquaculture case of fish sludge  solid fraction
study) collected in
WWTP in fish
transformation
industry
Membrane systems Spain Pilot Liquid fraction  Nutrient-rich N, P & K Liquid
(Microfiltration of pig slurry concentrate
couplefi to Reverse Spain Bench/lab Liquid fraction  Nutrient-rich  N/A Liquid Low
Osmosis and freeze . . .
. (Mediterranean of Fish sludge  concentrate concentrations
concentration) case study) from RAS of nutrients
Combustion Spain Pilot Pig slurry, bio  Ash P&K Fine milled
dried solid
fraction
Membrane Spain Pilot Pig slurry, Ammonium N N/A
contractor solid fraction salts
ACEA pinerolese Italy 9 Green waste Compost N, P &K Granulated
and digested
mixed waste
Biociclo Italy 9 Green waste Compost N, P &K Granulated
and food
waste

Key:

Nutrients ' - Predominant source of nutrients

Nutrients ()2 — Low concentrate of nutrients

N — Nitrogen

P — Phosphorus

K — Potassium

S — Sulphur

N/A — No answer

A more detailed description of the products and technologies can be found in Annex 2.
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3.3 Eastern Europe (Poland)

The pre-identified waste sources for Eastern Europe were: Animal manure, digestates and
sludge. After the screening in task 1.1, these sources were still identified as the most common
to recover nutrients along with other biological by-products from the agricultural industry. The
graph below (fig 10) represents the number of most commonly found nutrient recovery
technologies and product (Fig. 11) derived from the technologies in Eastern Europe.

Technologies in Eastern Europe Products in Eastern Europe

2
) 1
6 2
4
3 1
1
Biochar
P precipitation Mineral concentrates
Thermochemical nutrient recovery Struvite
Physical-chemical nitrogen recovery Ash
Biological nutrient recovery Digestate, compost & other biomass
Figure 9. Types of technologies in Eastern Europe Figure 10 . Types of products in Eastern Europe

Below the nutrient recovery technologies and derived products along with identifying the
feedstock is further explained.

1. PolFerAsh is a technology that used industrial sewage sludge to produce
Monommonium Phosphate (MAP) that is a solid material with a pH of 5. The technology
is at TRL 9 in Poland.

2. Another technology that has reached TRL 9 in Poland is FuelCAI® which uses sewage
sludge, biodegradable waste, and selected animal by products to produce organo-
mineral fertiliser, which is a powder product that has a high pH of 12.6 and is suitable
for acidic soil.
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3. Chicken manure is used in two different technologies — composting and air drying —
to produce organic fertilisers that are granulated products and a predominant source
of N & K. This technology is also considered to be at TRL 9 in Poland.

4. Manure heating-dispersing technology is used with cattle manure to produce liquid
fertilisers like AGROLINIJA-S, which is a liquid product with low concentrations of N, P
& K, and has reached TRL 9 in Poland.

5. Incineration is also used in Poland to produce P as an ash product from the processing
of bones and fish bones.

6. Pyrolysis technology in Hungary uses food grade animal bone to produce Bio-
phosphate, which is a granulated product with a high source of calcium and biochar is
also produced from wood chip following a Pyrolysis process.

Table 4 Technologies & products in Eastern Europe below provides additional information on
nutrient recovery technologies and derived products that is being used or being developed in
Eastern Europe. These products are being derived from various sources such as sewage
sludge, animal waste, biomass combustion, food grade animal bone, and wood chips.

Table 4 Technologies & products in Eastern Europe

Technology Country TRL Sources Fertilising product  Nutrients' Type Other
Nutrients()? characteristics

PolFerAsh - Polish Poland 9 Industrial Monoammonium N &P Pulp, solid, pH5

Fertilizers form Ash sewage phosphate (MAP) material
sludge

Stage | Poland 9 Sulphur Potassium K Liquid

A technology for the dioxide from thiosulfate

production of the

potassium sulfate installation for

(IV) was developed the

Stage Il production of

Potassium sulphuric acid

thiosulfate was

produced from

potassium (IV)

sulfate and sulphur

from the Claus

desulfurization

process.

FuelCAI® Poland 9 Sewage Organo-mineral N, P &K Powder pH 12.6
sludge, fertilizer OrCal® suitable for
biodegradable acidic soil
waste,
selected
animal by-
products
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not necessarily reflect those of the European Union or the European Research Executive Agency (REA). Neither
the European Union nor the granting authority can be held responsible for them.

Page 26 of 68




Novafert

Composting and air  Poland 9 Chicken BIOPOWER - P&K Granulated
drying manure organic fertiliser
ROLPOWER - P&K Granulated
organic fertiliser
Wastewater Poland 9 Sewage Granbial - organic N & K Granulated
Treatment sludge fertiliser
Bioral technology Poland 9 Sewage BIOROL Natural P&K Granulated
sludge, ashes  Fertiliser
from biomass
combustion
Manure heating- Poland 9 Cattle manure  AGROLINIJA-S Low Liquid
dispersing concentrations
technology of N, P & K
Incineration Poland N/A Ashes from N/A P Ash High source of
incinerated P
dried sludge
from sewage
treatment
plants and
products
resulting from
the
processing of
bones and
fish bones
N/A Poland N/A Sewage Fertiliser from N/A Granulated
sludge sewage sludge with
the addition of
dusty mineral
materials
Pyrolysis Hungary 8 Food grade Bio-phosphate N/A Granulated  High source of
animal bone calcium,
application
0.2-2.5T/Ha,
preformed in
field trials in
five different
countries
Wood chip Biochar N &P Granulated low
concentrates
of N &P,
suitable for
low input
organic system
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Key:

Nutrients ' - Predominant source of nutrients

Nutrients ()2 — Low concentrate of nutrients

N — Nitrogen

P — Phosphorus

K — Potassium

S — Sulphur

N/A — No answer

Refer to Annex 3 for more detailed information on the above list of nutrient recovery
technologies and derived products in Eastern Europe.

Page 28 of 68

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do
not necessarily reflect those of the European Union or the European Research Executive Agency (REA). Neither
the European Union nor the granting authority can be held responsible for them.




Novafert

3.4 Western Europe (Flanders, Belgium)

The pre-identified waste sources for Eastern Europe were: Animal manure and digestates. After
the screening in task 1.1, these sources were still identified as the most common to recover
nutrients along with bio-waste from the food industry. The graph below represents the types
and number of technologies (Fig.12) most commonly found and product (Fig. 13) derived from
the technologies in Western Europe.

Technolgies in Western Europe Products in Western Europe

12

P precipitation

. . Biochar
Thermochemical nutrient recovery

Scrubber solution & mineral concentrates

Physical-chemical nitrogen recovery Ash
Biological nutrient recovery Digestate, compost & other biomass
Figure 11. Types of technologies in Western Europe Figure 12. Types of products in Western Europe

There are a range of nutrient recovery technologies and derived products in regions across
Western Europe. Commonly found technologies within these regions include:

1. Stripping and scrubbing; the ammonia stripping-scrubbing approach is applied on a
digestate liquid fraction rich in nitrogen (N). Scrubbing and stripping of ammonia are
performed in a closed system, so emissions are generally low. This method is now used
in livestock operations to recover N from waste streams such as animal manure,
digestate, and their liquid fraction. The operation of (stripping-)scrubbing is that
ammonia (NH3) can be stripped by air, steam, or vacuum through an N-rich waste
stream in an NH3 stripping reactor, resulting in NH3 transfer from the aqueous phase
to the gas phase. The ammonia-saturated stripping gas is then brought into contact
with an acidic solution (often sulfuric acid, H2SO4). Ammonium sulphate solution is
generated when sulfuric acid is used for capturing ammonia. Optionally, nitric acid
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(HNO3) can be used to capture ammonia, resulting in ammonium nitrate, which is more
interesting for fertilising.

2. On-farm scrubbing; the product is a liquid fertiliser in the form of an ammonium
sulphate solution collected from the air from pig stable using an on-farm scrubbing
procedure. The NH3 emission from the pig stables is recovered by on-farm scrubbing
with sulphuric acid. This approach minimizes GHG emissions from pig farms and helps
to make agriculture more sustainable. Because ammonium sulphate contains more N
than animal manure, a less amount is required for agricultural use.

3. P precipitation; This approach recovers soluble phosphate from manure or digestate by
adding chemical solutions containing multivalent metal ions such as calcium,
magnesium, and iron, etc

4. Pyrolysis. The pyrolysis product biochar has more significant P and K contents than the
original manure or substrate. As a result, they're used as slow-release fertiliser to
improve soil fertility and crop yields.

5. Separation; to mechanically separate the raw digestate into its liquid and solid forms.
The screw press, centrifuge (decanter), and belt filter press are the most commonly used
techniques. The phase separation produces a solid fraction (SF) rich in P and a liquid
fraction (LF) rich in N and K. The SF has a high phosphorus and organic fraction content,
which is beneficial to soil characteristics and humus development. It can then be dried,
composted, granulated, or apply directly to the field as a soil amendment. With high
levels of plant-available N and K, the LF is more suitable as a fertilizer applied by soil
mixing (slurry cultivator), mechanical injection, drag hoses, or surface dressing.

6. Chemical nitrogen recovery; It uses sulphuric acid to reduce the pH since it is the most
concentrated and efficient acid to lower the pH. When the slurry enters the soil, the
ammonia is converted to ammonium and becomes readily available to the plants.

The raw input materials used by these technologies include, digested cattle and pig slurry,
poultry manure, raw solid and liquid fractions of animal manure and bio-waste from the
agro-food industry. The resulting products vary form and nutrient content, with some being
liquid or semi-desiccated and providing a predominant source of N, P, or K, while others are
fine or dried solids with a combination of P, K, and S. These technologies are being used and
adapted across Western Europe in regions such as the Netherlands, Belgium, and France. A
number of available technologies and products are listed from regions in Western Europe
below in Table 5 Technologies & products in Western Europe
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Technology Country TRL Sources Fertilising Nutrients’ Type Other
product Nutrients()? characteristics
Stripping & Netherlands  Pilot Digested Ammonium N&S Liquid
scrubbing cattle slurry sulphate solution
Potassium fertiliser K Liquid
Belgium Pilot Liquid Ammonium nitrate N Liquid
fraction of pig
slurry
France Pilot Pig manure Ammonium N &S Liquid
sulphate
France Pilot Exhaust pig K fertiliser K Liquid
slurry (pig
slurry after N
stripping)
Netherlands 9 Digestate, Ammonium K Liquid
liquid nitrate/sulphate
fraction, pre-
treated
manure
Belgium 9 Digestate or Ammonium N &S Liquid
manure sulphate
slurries
On-farm scrubbing Belgium 9 Pig manure Ammonium N N/A
sulphate
(recovered from
NH3 emissions)
P precipitation Netherlands  Pilot Digested Wet organic P Liquid
cattle slurry phosphorus rich
fertiliser
Pyrolysis France Pilot Poultry Biochar K Fine dry High DM%
manure material
Solid fraction  Biochar K Fine dry High DM%
of digestate material
Separation Belgium 7 Liquid N/A N/A Liquid pHof 7.5-85
fraction of
digestate
Thermochemical Netherlands 9 Poultry Ash P, K&S Ash
nutrient recovery manure
Composting Netherlands 9 Mix of Organic fertiliser P Semi-
composted +2:2 desiccated
poultry material
manure and
composted
pig manure
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France N/A Cattle manure  Compost N, P &K N/A
(local
composting
process under
aerobic
conditions)
Physical chemical Belgium 9 Raw pig Urine from pig K Liquid
nitrogen recovery manure manure
(VeDoWS adapted
stable construction
system)
Reverse osmosis, Netherlands 9 Raw pig Mineral nitrogen N Liquid
evaporation manure concentrates
Belgium 9 Bio-waste Evaporator N, P & K Solid
from agro concentrate, dried
food solid fraction of
industry digestate
Farm scale anaerobic  Belgium 7-9 Cattle slurry Digestate K (N &P) Semi
digestion desiccated
product
Pig slurry Digestate N, P &K Semi
desiccated
product
Key:

Nutrients ' - Predominant source of nutrients

Nutrients ()2 — Low concentrate of nutrients

N — Nitrogen

P — Phosphorus

K — Potassium

S — Sulphur

N/A — No answer

For more detailed information on the above nutrient recovery technologies and products refer
to Annex 4.
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4 Conclusion

In conclusion, the compilation of information on nutrient recovery technologies and products
across Europe reveals a growing trend towards sustainable and efficient use of resources in the
agricultural sector. This document highlights the diversity of nutrient recovery technologies
available, which can help extract valuable nutrients from different side streams (fig 14) and
reuse them in crop production.

Feedstocks which fertiliser is obtained from

Other
Sludge

Wastewater and sewage sludge

Feedstock

Digestate

Bio-waste & agricultural by products

0 10 20 30 40 50 60
Number of products

Figure 13 Most common feedstock’s available in Europe

The technologies discussed vary in complexity, availability and scalability, offering
opportunities for different agricultural operations to adopt nutrient recovery practices.
Assessing the European wide distribution of technologies and products a total of 47
technologies and 86 alternative fertilising products was located across Europe including
technologies such as composting, anaerobic digestion, P precipitation, thermochemical
nutrient recovery and physical chemical nitrogen recovery ranging with a TRL from 5 up to 9.
From analysing the above information it is clear that drying, mixing, pelletising and granulating
raw materials from waste streams such as bio-waste, digestate and manure is a common
technology used to produce nutrient rich products in Finland. When comparing this to other
regions in Northern Europe this type of technology is not as well adapted. Recovering nutrients
from raw materials through the use of gas scrubbers is also a well-adapted technology in
Finland. A variety of nutrient recovery technologies are available in Ireland, predominately at
pilot scale with some industrial scale anaerobic digesters, composting facilities and waste water
treatment plants. In addition, across the four European regions certain technologies are more
popular in certain regions. Anaerobic digestion, stripping and scrubbing, composting and
pyrolysis are more commonly found in regions across Western Europe. Likewise, in Eastern

Europe composting and pyrolysis were also common with Incineration.
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Overall, the findings suggest that nutrient recovery technologies and products that are
available have a promising role to play in creating a more sustainable and circular agricultural
system across Europe.
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Annex 1 - Raw data from technology & product template Northern Europe

Kg/tonne of DM
Dry
Short description of Processing Technology matter Organic Availibility Spreading LCA Organic  Comments inc. legal
1 | Ahernative fertilsing product Ti ology ¥ (include link) Source Country i 5% SOs  carbon pH Form estil aspects - website
Biolan Ravinneneste Bas scrubber NH, from the composting Ammoniafrom  Finland 26 1 62 liguid  =zvailable wvrw. biclan fi
reactor is scrubbed into lactic chickan manure
acid to get ammonium lactste composting,
liquid. Additionz| nutrients lactic acid,
mixed to the liquid water,
potassium
sulphate,
potassium
2 =nrhata
Biolan Ravinnepuikka Drying, mixing, Side streams that have to be Chicken manure, Finland 10 06 6.5 granular available vivrwr. biolan fi
pelletizing treated according to the (EY) seaweed,
N:c 1065/200% =nd [EU) potatostarch
142/2011 are treated in the
dryer, possible other raw
materials are added and the
3 mix is pallstized
Biolan Kanankakka Drying, mixing, Side streams that have to be Chicken manure, Finland 10 0,8 55 zranular svailable
pelletizing and treated according to the (EY) seaweed
granulation N:o 1069/2009 znd [EU)
142/2011 are treated in the
dryer, possible other raw
materials are added and the
mix is pallstized and
4 sranulated
Biolan Luonnanlznnoite Drying, mixing, Side streams that have to be Chicken manure, Finland 10 06 65 granular zvailable
pelletizing =2nd treated according to the (EY) seaweed
granulation N:c 1065/200% =nd [EU)
142/2011 are treated in the
dryer, possible other raw
materials are added and the
mix is pelletized and
£l eranulated
Biolan Hevonkakkalznnaite Drying, mixing, Side streams that have to be Horse manure, Finland 10 2,6 51 granular zvailable
pelletizing and treated according to the (EV) feather meal,
zranulation N:-o 1063/200% =nd [EU) potassium
142/2011 zre treated in the sulphate
dryer, possible other raw
materials are added and the
mix is pellatized and
& eranulated
Biolan Havu- ja redelannaite Mixing Side streams that have to be Feather meal, Finland 4 43 59 powder available www . biolan.fi
treated according to the (Ev) meat and bone
N:o 1069/2009 and (EU) meal, potassium
142/2011 are mixed sulphate,
T vinasse powdar
Biolan Parvekekasvilannaite Mixing Side streams that have to be Meatandbone Finland 4 7 6,2 powder available www . biolan.fi
treated according to the (EV) meal, potassium
N:o 1069/2009 and (EU) sulphate,
142/2011 zre mixed kiserite, blood
3 meal, seawead
Biolan Yrtti- ja taimilannoite Mixing Side streams that have to be Meatandbone Finland 2 22 6,1 powder available wiww . biolan.fi
treated according to the (EY) meal, blood
N:o 1065/2009 and (EU) meal, potassium
3 142/2011 are mixed sulphate
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pelletizing and
granulation

treated according to the [EY)
N:o 1068/2009 and [EU)
142/2011 are treated inthe
dryer, possible other raw
materials are added and the

mixis pelletized and

e
Side streams that have to be

142/2011 are treated in the
dryer, possible other raw
materials are added and the
mixis pelletized and
sranulsted

Kg/ftonne of DM
Dry
Short description of matter Organic Availibility Spreading LCA Organic  Comments inc. legal
1 | Alternative fertilsing product T ology y (include link) Source Country idity % % N% P% P20s K% K20 5% S03 carbon pH Form esti method referen certified aspects - wehsite
Biolan Tomaatti- ja vihanneslann Mixing Side streams that have to be Meatandbone Finland 4 36 & 2 3 7 6.2 powder available Fertilizer spreader wiwwi.biolan fi
treated according to the [EY) meal, potassium
N:o 1069/2009 and (EU} sulphate,
142/2011 are mixed kiserite, blood
meal, seaweed
Biolzan Kasvimaalannoite Dirying, mixing, Side streams that have to be Chicken manure, Finland 10 30 38 1 52 2,2 5.4 zranular available Fertilizer spreader
pelletizing and treated according to the [EY) potassium
granulation N:o 10692009 and (EU) sulphate
142/2011 are treated inthe
dryer, possible other raw
materials are sdded and the
mix is pelletized and
granulated
Biclan Marjz- ja hedelm3lannoite Drying, mixing, Side streams that have to be Chicken manure, Finland 10 90 5 3 7 3 E,6 granular available Fertilizer spreader www.biclan.fi

apatite, feather
meal, potasium
sulphate

Biolzn Peruna-jz juuraslannaite Drying, mixing, Chicken manure, Finland 10 90 El 1 7 2 55 sranular available Fertilizer spreader
pelletizing 2nd treated according to the [EY) potassium
granulation N:o 1069/2009 and (EU} sulphate
142/2011 are treated in the
dryer, possible other raw
materials are added and the
mix iz pelletized and
eranulated
Dirying, mixing, Side streams that have to be Chicken manure, Finland 10 30 11 1 2 1 X3 zranular available Fertilizer spreader
pelletizing and trested sccording to the [EY) blood meal,
granulation N:o 10692009 and (EU) potassium
1422011 are treated inthe sulphate
dryer, possible other raw
materials are sdded and the
mix is pelletized and
granulated
Drying, mixing, Side streams that have to be Chicken manure, Finland 10 90 3 1 7 2 €5 granular available Fertilizer spreader www.novarbo.fi
pelletizing snd treated sccording to the [EY) potassium
granulation N:o 1069/200% and [EU) sulphate
142/2011 are treated inthe
dryer, possible other raw
materials are added and the
mixis pelletized and
granulated
Drying, mixing, Side streams that have to be Chicken manure, Finland | 10 90 3 1 15 5 64 granular available Fertilizer spreader novarbo fi
pelletizing and treated according to the [EY) potassium
zranulation N-o 1063/2009 and [EU} sulphate
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Kg/tonne of DM
Dry
Short description of Processing Technology matter Organic Availibility Spreading LcA Organic  Comments inc. legal
1 | Alternative fertilsing product T ology y (include link) capacity status (TRL)  Project Source Country idity % % M% P% P20s K% K20 S% SOs carbon pH Form esti method referen certified aspects - website
Arva 4-1-3-1 Drying, mixing, Side streams thathave tobe Chicken manure Finland 10 50 4 1 E 1 65 granular availzble Fertilizer spreader novarbe.fi
pelletizing and treated according to the (EY)
granulation N:o 1068/2009 and [EU)
142/2011 are treated in the
dryer, possible other raw
materials are added and the
mix iz pelletized and
i eranulated
Arva 8-1-6-2 Drying, mixing, Side streams that have to be Chicken manure, Finland 10 90 38 1 6,2 2,2 54 granular availzble Fertilizer spreader
pelletizing and treated according to the (EY) potassium
granulation N:o 1069/2009 and [EU) sulphate
142/2011 are treated in the
dryer, possible other raw
materials are added and the
mix iz pelletized and
L eranulated
Arva 8-1-2-1 Drying, mixing, Side streams that have to be Chicken manure, Finland 10 90 81 09 1,9 0,6 54 granular availzble Fertilizer spreader
pelletizing and treated according to the (EY) blood meal
granulation N:o 1069/2009 and [EU)
142/2011 are treated in the
dryer, possible other raw
materials are added and the
mixis pelletized and
L eranulated
Arva 8-1-5-2 Drying, mixing, Side streams that have to be Chicken manure, Finland 10 90 78 07 s 1,3 23 granular availzble Fertilizer spreader
pelletizing and treated according to the (EY) blood meal,
granulation N:o 1069/2009 and [EU) potassium
142/2011 are treated in the sulphate
dryer, possible other raw
materials are added and the
mixis pelletized and
20 eranulated
Navarbo Aino 3-0-3 Gas scrubber NH, from the composting Ammoniafrom  Finland 90 10 3 0 El 1 50 Liquid  avsilable Liquid injection systems
reactor is scrubbed inte lactic chicken manura
acid ta zet ammonium lactate compaosting,
liquid. Additional nutrients lactic acid,
mixed to the liquid potassium
sulphate, watar
potassium
21

22

23

Novarbo Ainc 1-0-3 ‘Gas scrubber

Navarbo Aino 5-0-0 ‘Gas scrubber

NH, from the composting
reactor is scrubbed into lactic
acid to get smmonium |actate
liquid. Additional nutrients
mixed to the liquid

NH, from the composting
reactor is scrubbed into lactic
acid to get smmonium |actate
liquid. Additional nutrients
mixed to the liquid

Ammaniafrom  Finland Liguid  available Liquid injection systems
chicken manure
compesting,
lactic acid,
potassium
sulphate, water
potassium
sorbate
Ammaniafrom  Finland 94 3 5 a a [ 6.2 available

Liquid Liquid injection systems

chicken manure
compesting,
lactic acid,
water,
potassium
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Kg/tonne of DM
Dry
Short description of Processing Technology matter Organic Availibility Spreading LcA Organic  Comments inc. legal
1 | Alternative fertilsing product T ology y (include link) capacity status (TRL)  Project Source Country idity % % M% P% Pa0s K% K20 S% SOs carbon pH Form esti method referen certified aspects - website
Biocompost composting Composting, followed byfisld  10000t/a TRLZ Housshald Finland 37 63 244 88 204 18 13,3 51 127 326 E Solid  centinuously manure carbon yes
compasting for 2-8 months. biowaste availzble spreaders footprint
Sieving the final product with
24 212 mm sieve
Mineral NPKS Pelletizing Physical mixing of setof raw  25-30kt Available onthe YaraEco MBM Finland 8% 2% 10% 4% 1% 0,305 37-40% |NfA solid available Incorporation/  NfA Compatible
materials which are market Itd broadcasting with EU
subsequently pelletized regulation
2018/848 for
oreanic
25 farming
Biolan Ravinnaneste Gasscrubber NH, from the composting Ammaniafrom  Finland 86 18 1 Q 2 1 3 liquid  available Liquid injection systems
reactor is scrubbed inte lactic chickan manura
acid to get smmonium lactate composting,
liquid. Additional nutrients lactic acid,
mixed to the liquid water,
potassium
sulphate,
potassium
26 snrhata
Biclan Ravinnapuikks Drying, mixing, Side streams thathave tobe Chicken manure, Finland 10 30 4 1 2,7 0,6 65 granular availzble Fertilizer spreader
pelletizing treated according to the [EY) seaweed,
N:a 1069/2009 and [EU) potato starch
142/2011 aretreated in the
dryer, possible other raw
materials are added and the
2r mixis pelletized
Biolan Kanankakka Drying, mixing, Side streams that have to be Chicken manure, Finland 10 90 4 1 2,7 0,6 £S5 granular availzble Fertilizer spreader
pelletizing and treated according to the (EY) seaweed
granulation N:o 1069/2009 and [EU)
142/2011 are treated in the
dryer, possible other raw
materials are added and the
mix iz pelletized and
28 eranulated
Biglan Luonnonlannoite Drying, mixing, Side streams that have to be Chicken manure, Finland 10 90 4 1 2,7 0,6 £S5 granular availzble Fertilizer spreader
pelletizing and treated according to the (EY) seaweed
granulation N:o 1069/2009 and [EU)
142/2011 are treated in the
dryer, possible other raw
materials are added and the
mixis pelletized and
23 zranulated
Biolan Hevonkakkalannoite Drying, mixing, Side streams that have to be Horse manure,  Finland 10 90 El 1 e 2,6 5,1 granular availzble Fertilizer spreader
pelletizing and treated according to the (EY) feather meal,
granulation N:o 1069/2009 and [EU) potassium
142/2011 are treated in the sulphate
dryer, possible other raw
materials are added and the
mixis pelletized and
30 eranulated
Biolan Havu-ja rodolannoite Mixing Side streams that have to be Festhermesl,  Finland 4 96 84 13 8.2 43 X powder  avsilable Fertilizer sprezder
treated according to the [EY) meat and bone
N:o 1069/2009 and [EU) meal, potassium
142/2011 are mixed sulphate,
a vinasse powder
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Short description of

Dry

matter

Availibility

Form esti

Spreading LcA Organic  Comments inc. legal

y (include link)

Source Country idity % %

method referen certified aspects - website

Side streams that have to be
treated according to the [EY)
N:o 1068/2009 and [EU)

1 | Alternative fertilsing product T ology
Biolan Parvekekasvilannoite Mixing
142/2011 are mixed
Biolan ¥rtti-ja taimilannoite Mixing

Biolan Tomaatti- Ja vihanneslann Mixing

Biolan Kasvimaalannoite Drying, mixing,
pelletizing and
granulation

Biolan Marja- ja hedelm3lannoite Drying, mixing,
pelletizing and
zgranulation

Biolan Peruna- ja juuresiannoite Drying, mixing,
pelletizing and
granulation

Drying, mixing,
pelletizing and
granulation

Arvo 3-17-3 Drying, mixing,
pelletizing and
granulation

Side streams that have to be
treated according to the [EY)
N-o 1068/2009 and [EU)

011 are mixed

Side streams that have to be
treated according to the [EY)
N:o 1068/2003 and [EU)
142/2011 are mixed

Side streams that have to be
treated sccording to the [EY)
N:o 1068/2009 and (EU)
142/2011 are treated in the
dryer, possible other raw
materials are added and the
mix s pelletized and
sranulated

Side streams that have to be
treated sccording to the [EY)
N:o 1068/2009 and (EU)
142/2011 are treated in the
dryer, possible other raw
materials are added and the
mix s pelletized and
granulated

Side streams thathaveto be

treated according to the [EY)
N:o 1068/200% and [EU)
142/2011 are treated in the

dryer, possible other raw
materials are added and the
mixis pelletized and
granulated

Side streams that have to be
treated according to the [EY)
N:o 1068/2009 and [EU)
142/2011 are treated inthe
dryer, possible other raw
materials are added and the
mixis pelletized and
granulated

Side streams that have to be
treated according to the [EY)
N:o 1068/2009 and [EU)
142/2011 are treated inthe
dryer, possible other raw
materials are added and the
mixis pelletized and
granulated

Mestandbone  Finland ES
meal, potassium
sulphate,

kiserite, blood

meal, seawead
Mestandbone  Finland
mesal, blood

meal, potassium

S

w

97

Mestandbone Finland 4 ES
meal, potassium

sulphate,

kiserite, blood

meal, seaweed

Chicken manure, Finland 10 30
potassium

sulphate

Chicken manure, Finland 10 30
apatite, feather

meal, potasium

sulphate

Chicken manure, Finland 10 30
potassium
sulphate

Chicken manure, Finland 10 30
blood mesl,

potassium

sulphate

Chicken manure, Finland 10 30
potassium
sulphate

powder  availabla

powder  available

powder  ausilable

granular available

granular available

granular available

granular available

granular available

Fertilizer spreader olan fi

Fertilizer spreader

Fertilizer spreader

Fertilizer spreader

Fertilizer spreader www biolan fi

Fertilizar spreader

Fertilizar spreader www.novarbo.

Fertilizar spreader

Page 40 of 68

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the European Union or the European

Research Executive Agency (REA). Neither the European Union nor the granting authority can be held responsible for them.



Novafer

Alternative fertilsing product T ology

Short description of
y (include link)

Processing
capacity

Technology
status (TRL)

Project

Dry
matter
% N% P% P20s K% Ka0

Kgftonne of DM

Qrganic

Availibility Spreading LCcA Organic

Comments inc. legal
method referen certified

Source ‘Country

§% SO3 carbon pH

Form esti

40

#

42

4rvp 3-1-15.5 Drying, mixing,
pelletizing and

granulation

Biolan Kasvimazlannoite Drying, mixing,
pelletizing and

granulation

Arvo 4162 Drying, mixing,
pellztizing and

granulation

ArvpB-1-2-1 Drying, mixing,
pellstizing and

granulation

Side streams that have to be
treated according to the [EY)
N:o 1069/2009 and [EU}
1422011 are treated in the
dryer, possible other raw
materials are added znd the
mix iz pelletized and
sranulated

Side streams that have to be
treated according to the [EY)
N:o 1069/2009 and (EU}
142/2011 are treated inthe
dryer, possible other raw
materials are sdded znd the
mix is pelletized and
eranulated

Side streams that have to be
treated according to the [EY)
M:o 1069/2009 and [EU)
142/2011 are treated in the
dryer, passible other raw
materials are sdded and the
mix is pelletized and
sranulatad

Side streams that have to be
treated according to the [EY)
N:o 1069/2009 and [EU}
1422011 are treated in the

dryer, possible other raw

materials are added and the
mix is pelletized and

Chicken manure, Finland 10
patassium
sulphate

Chicken manure, Finland 10
potassium
sulphate

Chicken manure, Finland 10
potassium
sulphate

Chicken manure, Finland 10
blood meal

S0 3 1 15

50 45 0733 11,27

5 64

35 5,48

2,2 B4

aspects - website
Fertilizer spreader v

granular available v novarbo fi

granular available Fertilizer spreader woww. biolan.fi

granular available Fertilizer sprezder v novarbo fi

granular available Fartilizer sprezder wvaw.novarbo fi

44

45

46

Arvo B-1-5-2 Drying, mixing,
pelletizing and
granulation

Novarbo Aing 3-0-2 Gasscrubber

Novarbo Aine 1-0-3 Gasscrubber

Side stresms that have to be
treated according to the [EY)
N:o 1069/200% and (EU)

142/2011 are treated in the

dryer, possible ather raw
materials are zdded and the
mixis pelletized and
zranulated

NH, from the composting
reactor is scrubbed into lactic
acid to get ammenium lactate
liquid. Additional nutrients
mixed to the liquid

NH, from the composting
reactoris scrubbed into actic
acid to gt ammonium lactate
liquid. Additional nutrients
mixed to the liquid

Chicken manure, Finland 10
blood meal,

potassium

sulphate

Ammoniafrom  Finland 80
chicken manure
‘composting,
Iactic acid,
potassium
sulphate, water
potassium
sorbate
Ammoniafrom  Finland 50
chicken manure

composting,

lactic acid,

potassium

sulphate, water

potassium

sorbate

50 72 o7 5
10 E] o E]
10 1 o 3

15 66
1 50
1 5,4

granular available Fertilizer spreader

Liquid  available  Liguid injection systems. w.novarba fi

available

Liquid Liquid injection systems
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Kg/tonne of DM
Dry
Short description of Processing Technology matter Organic Availibility Spreading LCA Organic Comments inc. legal
1 | Alternative fertilsing product Technolagy ¥ (include link) capacity status (TRL)  Project Source Country  Humidity % % N% P3% PaOs K% Kal 5% 50s carbon pH Form estimate method reference certified aspects - website
Novarbo Aino 5-0-0 Gas scrubber NH, fromthe compasting Ammoniafrom  Finland 94 3 5 0 0 0 52 Liquid  available Liquid injection systems
reactoris scrubbed into lactic chicken manure

47

arid to ger ammonium lactate
liquid. Additional nutrients
mixed to the liquid
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composting,
lactic acid,
water,
potassium

www novarbo fi
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Alternative Technolo Processing Processi  Techn CAPE OPEX Legal | Output Project Source Count Humi Dry  Availabil g/tonne frash welght pH Orga Formistate  Type of LCA Organ Agrono Commenls
fertilsing gy conditions, ng ology X produc status  materi ™ dity  matte ity nic (liquickpelleti application refere ic mic inc. legal
product effectivene capacity status produc lion [region al 4 % estimate carbo zedsolidlgra methodimet nce certifi perform aspects -
ss to [TRL) tion costs  all tonnes n? nularfpowder hods for edlcon ance of website
convert costs national nationall etc. best ventio Fertilise
crude 1EU y environme nal r
material N ntal and [includ
into safe N inorg Amm economic e link)
and high organ anic oniu Nitra Nitrit performanc
quality N ic¥ % m2» te¥ e¥ P P:0s K3 K0 S S50 e
Dissalved A Precipitation B NutriZCy ‘Wastewater  Ireland 238 53 238 544753 12 141300311 07 1831 BEw 263 Semi-dessicated! FYMspreader
Flatation o P by cle From dairy T clumpy
Sludqe [DAF]  cations processing
Activated Precipitation B NutriZCy 'wastewater Ireland 0.2 6.1 4.9 N33z 16 19237825 0.6 15335 B9wi 310 Semi-dessicated! FYMspreader
Sludge of Phy cle from dairy clumpy
catians processing
Cattle Shrry 6 NutriZCy Cattle Ireland TTo 2Ttad3 05t 11455ta 35tod 421750 Odta 10125 B.8ta  323ta Shry Liquid maruire
cle 31 07 1E03T 4,82 0s 7T 318 inigction
Lime Trested 6 NutriZzCy Pigger Ireland 8.3 17 131 437421 7T 931517237 &2 20338 126 56.3 Slurry Liquid maruire
Pig Slurry cle inigction
Crab Shell Mt NutriZCy Shellfishdela  Ireland B2.4 223200 103 243713 086 0723 21 525 8.3 NiA Milled crab shell
cle Mer, NOT
Castletownber KHOW IF
e WALLE
REFERS
Biroiler Manure B NutriZCy Eroilers Ireland 45,3 51 myozs o 9z 7037096 3 TEM4 BESwd 1841 Manuwe F¥YM spreader
cle
Paoultry Eelt dryer B NutrizCy Poultry Ireland 84,7 307 10,0 229571 7.4 209343334 6.0 1803 T 30,8 Manure F¥M zpreader
Manure faaility cle
Spent Compasting 6 Own Ireland Mia 3 7 |07 30 36,15 [ A Contsin MI& Finelorumbly F¥M spreader
mushroom resourc slime mass material
Graszwhey  Grass 6 Own Grass Ireland 2-d Liquid injection
biorefinery resourc system
Sepearated  Seperators 3 Liquid& Own Cattle marure Ireland Liquid injection
cattle sy solid resourc system & FyYM
fractions e spreader
Pelletis=d Dirying, Discdrier-6 3 Pelletized Own Erciler manure  Ireland 4250007 40 M M 5 [N . 25 61 418 Pelletis=d Feniliser Both hups:ilsoilvon
broiler manure heating, Tihr, CPM fertiliser  resourc fuear spreader gt
(Dynams]  cooling, pellet e
pelletising, presses - 15
sieving and Tibr,
bagging Packaging -
30Tikr,
Bagging -
TiTihre
Biochar Puralysis Biochar  own Fushes, Ireland Biochar Lime spreader
resowrc  bracken,
e hazel, furze
Digestate Anasobic El Digestate Dwn Organic Ireland Semidessicated  FYM spreader
digestion resourc  materisl from all
e sectars
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Annex 2 - Raw data from technology & product template Southern Europe

1 MINIFIH INEC | TECHNOLOGY | PRODUCT
Alternative Country Project Technalogy Short description af technalogy (include Processing Technolagy Source Humidit Dry Kg/tonne of DM Form Awailibility  Spreading LcA Organic certified Comments inc. legal aspects -
fertilsing link} capacity status [TRL) ¥% matter estimate method reference website
product % Nkg TPlkg P05 Klkg  KzD(% Organic carbon
z T/Y)  TRft)  (%.db) TK/t) db]  S(kgS/t) S0 [kgC/r) pH
Hlutrient- Spain Fertimanure  Membrane systems The reverse asmosis produces anutrient- -2t year pilat manure. Liquid fractionpig slury 9668 3,32 38 05 3443 18 B.53¢4 04 13 77 liquid Availzble Crazz check with FPR being
tich [Micrefilration caupled o fichretentate which is further concenuated made taidentify CMC and FPC
concentrat Reverse Osmosisand | though a freeze ooncentration technology categories. Temptative CMC
e freeze concentation) 10. even though ABP end-
3 point reached
Biodiied  Spain Fertimanure  Biodruing The solid fraction of pig by feeds the  B.5-85tpear il pig sy, solid haction 438 502 fld 27 1232 5 12 ] 251 7.1 solid Ausilsble  Base feniization Cross check with FPR being
solid biodryingreactar, or trench, o remove: in soilbefore crop made taidentify CMC and FPC
fraction part of the moisture contained inthe sowing categories. Temptative CMC
stream and ooncentrate nutrients 10. even though ABP end-
4 pairt reached
Biodried Spain Fertimanure  Biodruing Paultry manure is trested inthe biodring £.5-5.5tyear  pilat Paltrymanure 48.3 g1 2z 36 1813 181 3797 4 2407 a6 =zolid Auailable Cross check with FPR being
salid reactor, to remove part of the maisture made toidentify CMC and FFC
fraction contained in the stream and oategories. Temptative CMC
consentrate AUtents 10. even though ABP end-
5 pairt reached
Phospharo  Spain Fertimanure  Combustion After the combustion of the biodried zolid 0.6-15tyear  pilat pigshurry, biedried solidfraction 0 100 - BE.4 B.206 SEZ BTTE W - na =zolid Auailable Includedin FERTIMAMURE  Cross check with FPR being
us [ashes] fractionin the boiler position paperinoreasing | made toidentify CME and FPC
the soope of BBFstobe  categories. Temptative CMG 13
usedinarganic farming
sector [cunendy dats
gathering tow ards the
inclusion of the product in
3 the positive list of EGTOR)
Ammonium | Spain Ferimanure  Membrane contactor The liquid raction of pig shurry is firstly | Ztyear pilat pig =y, solid fraction 9537 466 19a7 <1 <1 347 - 6,3 liquid Available Cover fertiisation Cross check with FPR being
sals weated through MF.. Then, the made teidentity CMC and FPC
membrane contactris fed with the caregories. Temptative CHC 15
perme ate from the previous unit (MF] and
ammorium sulphate solution is obtained
7 as produst
biastimulant Spain Fertimanure  Enzymatic hydrolysisof  The permeate obtained from the 06ryesr pilor manure 36 4 512 il il - - 79 Liquid Availsble Includedin FERTIMAMURE  Cross check with FPR being
s microslgae membrane systems is used a5 growth position paperincreasing | made toidentify CMC snd FPC
media to cultivate microalgae, which are thescope of BBFstobe  categories. Temptatve CMC 1,
then enzymatioally hydrolysed after used inorganic farming | ABP end-point needs to be
harvesting to ohtain bisstimulants sector [cunently data reached
gathering tow ards the
inclusion of the product in
3 the positive list of EGTOP)
Ammonium  Metherlands  Fertimanure  stipping and sombbing of The liquid fraction flaws tathe stipper 401ty pilot digested cattle shurry 573 327 6 00z 004 02 0074 73 07 55 Liquid  Available Cross check with FPR being
sulphate the liquid fraction of where ammonia is stipped outtathe gas made taidentify CMC and FRC
4 | solution digestate phase and subsequently sorubbed with categoiies. Temptative CHC 15
Liquid Metherlands  Ferimanuie  stippin and scrubbing  sulphuric acid into ammenium sulphate. | 1,712y pilor digested catle slurry #=3 dd 31 0.4 223 5 4536 0.4 ") 8.3 Liqud  Available Cross check with FPR being
potassium Exhaust digestate is rich in potassium made teidentify CMC and FPC
fertiliser and identified as liquid potassium oategories. CMCS, ABP end
i fertiliser point needs to be reached
Organic soil Metherlands  Fertimanure  solid liquid separation of  zolid fraction of the digestate ey pilor digested cattle slury 2.3 27 BS 23 1944 43 213 17 126 85 =olid Availsble Includedin FERTIMAMURE Cross check with FPR being
conditioner digestate position paperincreasing | made toidentify CMC snd FPC

the scope of BEFstobe  categories. CVMCS, ABP end
usedinorganicfaiming | point needs to be reached
seotor [ounently data
gathering tow srds the
inclusion of the product in

n the pasitive list of EGTOR
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Novafert

1 MIMIMUN INFO | TECHNOLOGY | PRODUCT
Alternative Country Project Technology Short description of technology [include Processing Technology Source Humidit Dry Kg/tonne of DM Form Availibility  Spreading LeA Organic certified Commentsinc. legal aspects-
fertilsing link} capacity status (TRL) 'S matter estimate method reference website
product % Mkg TPlkg Pz0s  Kikg Kz0[% Organic carban

2 TMfY) TP/t [s,db)  TKft) db)  S[kgS/t) SOz (kgCft) pH
‘Wetorganic Netherlands  Femimanure | precipitation The liquid raction of digestare = E pilot digested care shuny 07 793 62 31 7473 46 1832 15 [T 81 Liquid  Available Crass check with FPR being
phosphorus pumped to a settling (reactor) tank ta [slurmylike) made to identify CMC and FPC
tich feniliser zenle part of the remaining panicles categories, CMCS, ABP end

beforeitis treated inthe stipper. The point needs to be reached

settling [reactor) tark operates in
batohes and abase canbe addedto
taise the pH of ts content in such way

2 partof the P in solution precipitates
90: diied  Netherdands  Fertimanure  diving drying of the w et P fertilizer Ty pilot digested cattle sharry 10 a0 sl a5 zam i 1875 46 u7 & Selid Auzilable Cioss check with FPR being
organio made to identify CMC and FPC
phospharus categories. CHCS, ABF end
rich fertiliser point needs to be reached
1 [zale)
Biochar Germany Fertimarure  Thermo Catalutic Therma-catalutic refarming of pellstized  BSthy pilot eattle dung 2 a3 0.z 304 704 35 Tesz 2.5 333 123 Selid Ausilable Included in FERTIMANURE Cross check with FPR being
Refarming {and terated with citric acid) catde dung position paper increasing | made ta identify CMC and FPC
the soope of BBFstabe categories. Temptative CMC
usedin organic farming 4. End-point of ABP needs to
ssctor feurrently data be reached
gathering tow ards the
inclusion of the produstin
H the positive list of EGTOR)
Monoamma Germany Ferimanure  MAPF reactor MAP Reactor filed with perlite for the 150ty pilat aattle dung 1 33 3 198 45.8 0 o o a 415 Solid Auailable Cross check with FPR being
nium sdzcrption of rittogen in off gases of made to identify CMC and FPC
% | phosphate TCR ategories. Temptative CMC 15
Ammonium  Belgium Femimanure  stipping-serubbingof  After SIL separation, liquidhactionis 285y pilot liquid fraction of pig sy 6092 3308 1531 006 0035 055 O 037 0z 3 Liquid  Available Ciross check with FPR being
nitrate liquid fraction of pig treated in 3 strippinglsorubbing system made to identify CMC and FPC
® manure tarecover nittagen from it The exhaust categories. Temprative CMC 15
Ammonium  Belgium Femimanure  suipping-zerubbingof  material s weated then in s NON system  285-85,300uy  piler liquid fraction of pig slury 703 2891 T4 005 004 068 0283 813 0,82 57 Liguid  Available Cross check with FPR being
sulphate liquid fraction of pig coupled with contructed wetsnd mads to identify CMC and FPC
7 manure categories. Temptative CMC 15
Ammorium  Belgium Fertimanure  stripping-somibbing of T24ty pilat liquid fraction of pig slurry 58,2 003 053 0,55 0,56 03 Liqud  Avalable Cross cheok with FPR being
water liquid fraction of pig made to identify CMC and FPC
® manure categories. Temprative CMC 15
Bischar  France Fenimarure  Slow purclysis of poubry Sl purolysis of poulry marure, Mobile | 0.3-0.4 dy pilot paulry manure (zclid] 21 973 232 238 SEET 795 ATl T2 253 0,86 Selid Available Inchided in FERTIMANURE Cross check with FPR being
from poultry manure pilat plant position paper increasing  made to identify CMC and FPC
manure the scopeof BEFstobe  categories. Temptative CMC
(F00°C) vsedin organic farming 1. End-paint of ABP needs to
sector [ourrently data be reached
gathering tow srds the
incluzsion of the praductin
] the positive list of EGTOR)
Biachar France Fertimanure  Slow pyrolysis of solid Alter SIL separation. Slow pyrolysis of  0.3-0.4thy pilat solid fraction of digestate 444 3556 173 183 4523 M2 51 21 4365 005 Solid Awailable Included inFERTIMANURE Cross check with FPR being
fram fraction of digestate zolid fraction of digestate. Pobile pilot position paper increasing | made to identify CMC and FPC
digentate plant the scope of BEFztabe  categories. Temprative CMC
(550C) usedinorganic farming 14, End-point of ABP needs ta
sector (ourrently data be reached
gathering tow ards the
inclusion of the productin
20 the positive list of EGTOP)
Ammonium  France Fentimarure  Stripping scrubbing of pig Striping-senubbing systemin mabile pilor | 0.4-0.5tly pilot pig shurry ga71 3023 473 < 1306 « 45  Liqud  Avalable Cross check with FPR being
sulphate sl plant made to identify CMC and FPC
21 sategories. Temptative CME 15
K-feriliser  France Fenimanure  Stripping sorubbing of pig | Striping-sorubhing systemin mobile pilor 1.5 iy pilat pig slurty (after N stripping) 9843 157 229 012 175 279 71455 06 3 845 Liquid  Avalable Crass check with FPR being
slurmy [exhaust slurry] plant made to identify CMC and FPC
eategaries, CMCS, ABP end
22 point needs to be reached
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Novafert

MIMIMUN INFO | TECHNOLOGY | PRODUCT
Alternative Country Project Technalogy Shart description of technology (include Processing Technology Source Humidit Dry Kg/tonne of DM Form Availibility  Spreading LcA Organic certified Commentsinc. legal aspects-
fertilsing link) capacity status (TRL) ¥% matter estimate method referance website
product % Mkg TPlkg P20s  K{kg K20(% Organic carban
TH/Y)  TP/t)  [sdb) TKft) db)  S[kgS/t) S0z (kgC/t) pH
Mutrient- Spain Sealland  Mebrane systems [LF, Liquid fraction of fish sludge collectedin benchilab  Liquid fraction of Fish sludge from 0718 0,054 0,296 .88 Liquid Cioss check with FPR being
tich [Mediterranes RO soupledwithreeze  reciroulating aquaculture system is RAS made to identify CMC and FPC
concentrat | noase study) concentration trested with ulrafilration, reverse categories. Temprative CMC
& osmosis and both retentates are 0. even though ABP end-
valorised thiough freeze concentration pointreached
into nutrient rich concentrate
Biadried Spain Sealland  Biodrying Solid fraction of fish sludge collected in pilat Solid fraction of fish sludge from 45,4 546 1535 4108 1723 0BBE 01519 12544 .88 Cross check with FPR being
sclid [Meditsiranes recirculating aquaculturs systm is RAS made to identify CMC and FPC
fraction  ncase studyl treated by biodring categories. Temptative CMC
10. even though ABF end-
pointreached
Mutrient- SpainlFresh  SeaZland  Mebrame systems [UF, Liquid fraction of fish sludge collectedin benchilab  Liquid fractionfrom Wi TR inthe 97286 2734 182 013 1.081 0054 0238 Cross check with FPR being
rich aquaculture RO) coupled withfreeze W TP infish tanstormation industryis transformation industry of fish made to identify CMC and FPC
concenuat  case suudy) concentation wre ated with ulrafibration, reverse (aquaculture) categaries. Temprative CMC
e osmosis and both retentates are 0. even though ABF end-
walorised thowgh freeze conentration pointreached
into rutrient fick concentrate
Biadried SpainlFresh  SeaZland  Biodrying Solid fraction of fish sludge collected in pilat Solid fraction from WiW TPinthe 413 58,7 28,7 7428 23 281 058 258,72 T8 Cross check with FPR being
solid aquaculture WTP infizh ransformation industry iz rranztormation industry of fish made to idertify CMC and FPC
fraction case study) treated by biodiving lagquaculture) categaries, Temptative CMC

10. even though ABP end-

point rzached
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Alernative
Fertilsing
product

Enriched
reclaimed water
[rich in M
[ezpecially
organic
nitrogen), P and

Biostimulant
bazed on
hydrolysed
sludge

Biostimulant
bazed on algal
biomass

Enriched
reclaimed water

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necess

Technology

Sequencing batch reactor [SER)
+ nukrients recovery module

Fermentation process using
S o

AlgaeBioGaz [(ABG] technology,
walidated in the frame of Eco-
innowation pilat and mark.et
replication project AlgaeBioGaz

Riich ater® system

P ing diti ffecti w P ing capaci Technolo
covert crude material into safe and high gy status
quality fertilizing prod linclude link) (TRL)
W astewater from the slaughterhousze directly enters the | The raw material uzed in this project was slagutherwhousze Auailable on
SBR, awastewater treatment solution capable of watewater. The amaount of nutrients contained in the wastewater  the market
removing organic carbon, nutrients and suspended of each slaughterhouse depends a lat on the type of animals (TRL9)
=olids from wastewater in a single tank, while delivering | slaughtered, the protocols followed in the slaughterhouse, ete.
an effluent in line with legal requirements for discharge. | This concrete application in the selected slaughterhouse
The SBR haz a treatment capacity of 50m3 per day, and ! revealed a poor M and P composition of the concrete stream
afterwards goes through a nutrients recovery module, | treated, which does not necezzarily need to be the same asin
where a filtration process [microfiltration, ultrafiltration | other slaughterhouses. Thus, in this cage, the “zero kilometre”
and reverse osmosis) takes place. approach was selected, aiming to fertigate the fields with the
hittps:ftwaterZreturn.eufwater-lined enriched reclaimed water.
The zludge resulting from wastewater treatment [via an | The sludge, that initially had a dry matter of approsimately 20g/L, Demonstrate
SBR) goes through a first pre-treatment process where | was concentrated to 43.4 +0.84 giL. The concentration of dinrelevant
pathogenic microorganismes are eliminated and itz Saeies inthe product is relatively high, which makes thiz environment

itization iz achieved. Sub Iy, it enters a hydrolysed sludge a potential agronomic product with P GRE [TRLE)
fermentation unit compozsed of a bioreactar, where the | [Plant Growth Promoting Bacteria) properties.
sludge iz Fermented with Sacites or . Az aresult, a A biostimulant was formulated and produced from this
hydrolysed sludge with high availability of organic matter | hydrolysed slodge. The recommended rate was § Ltha (bath for
iz obtained, which can be used in ather biological irrigation and soil spraying application), being preferably applied
processes. on a reqular basis, anticipating critical moments of the crop
hittps:ftwaterZreturn.eutsludge-lined when the elements are blocked due to low temperatures ar

under stress conditions.

The zludge resuting from [viaan | The p iling species were from Spemegeams gemus | with Diemonstrate
SBR) and the hydrolysed sludge produced via occasional ewasnbeeniy gr . and filamentous din relevant
fermentation with Sacite on feed thiz algae system. | cyanobacteria. Ouring the whole study, the algal species environment
Algae are used to recover the remaining M and P from | compaosition remained the same, with slight morphological [TRLE)
the anagrobic digestate, acting as biostimulant in changes in the colony size (1, 2 or 4 cells]. This means we can
agricultural production. Az a result, an algal biomass expect repeatable quality of biomass material while applying the
with bioztimulnt properties is obtained. treatment.
ABG systern consisted of a 400 m2 main algal pond The biostimulant produced from the algal biomass resulted to
and two 3 m2 inoculation ponds for maintaining the hawe very positive effects in one special behaviour: flowering
inoculum culture, The cultures were mited by the and Fruit et [a known activity of macroalgae based
cugtom-made paddlewheels ta enable illumination to all | biostimulant). The recommended rate was 2 to 4 Ltha when
algal cellz and prevent the settlement or unmized irrigating, 2-4ccfL when running a foliar application.
anaerobic areas in the pond. The waste stream?s
treatment and main biomass production was performed
in the main pond.
hitps:ftwaterZreturn.euf algae-lined
The Rich'w ater® system iz bazed on a new The effluent produced i free of pathogens and rich in nutrients,  Demonstrate
groundbreaking system combining low-cost and energy | showing 39,993 of £ G remowal, B33 of total M recovery, dinrelevant
efficient Membrane Bioreactor [MER) treatment, a 802 of total P recovery and 943 of K recovery. environment
midule Far mixing the optimal fertigation water The average content of M in Richh ater® effluent was about [TRLE]

connected to the up-to-date irrigation technology and
an advanced monitoring feontrol module incloding soil
sensors to guarantee demand-driven and pathogen-free
fertigation. The MER has been designed for a 160
m3tday flow, and it work:s in a way that the nutrients it
contains [mainly b and P, but alzo other nutrients such
az K, Mg and Ca) remain after the treatment, whilst
pathogens are removed.

hittps:firichwater.eut

364 mall.
Riichw ater® technology obtained in 2020 the Environmental
Technology Yerification [ETWY], which iz a guarantee on the
technaology performance. ETY has been conducted by an
erternal and independent verification body, the Institute Far
Ecology of Industrial Areas [IETU] located in Poland, which
certified that Richiwater® iz able to treat urban wastewater up to
the necessarny quality standards required For irrigation.
hitps:fcircabe.europaeotuitgrouplcd5138da-9303-4dec b

i 4543001214 d-46; i

d7d3eTib4fbe?p= 1in= 10&zor=modified_DESC20

CAPEX
production
cost

OPEX production cost

Diepends on the flow | Oepends on the flow to be treated
to be treated

Busine=s plan show
that Rich' ater
solution requires a
high inwestment of
approgimately 200 -
2B0m | For treating
and reuse urban
wastewater from
1,000 inhabitants.
Benefits obtained
for uzing the water in
irrigation [estimated
at 0.2010m3] result in
a pay-back period of
B.33 years when
adding reuse to
conventional
wastewater
treatment.

Research Executive Agency (REA). Neither the European Union nor the granting authority can be held responsible for them.

Novafert

Legal status
[regionallnationallEU)

The enriched reclaimed water fulfils all
requirements set by the coresponding
applicable legislation, ie., the Council

Directive on May 21zt, 1991 9427 HEEC

CMC10: Derived products within the
meaning of Regulation [EC) Mo 106342003:
An EU fertilising product may contain
derived products within the meaning of
Fiequlation [EC) Mo 10632003, having
reached the end point in the manufacturing
chain as determined in accordance with that
Fiequlation.

The Ssciies Lichenionmis iz notincluded
in the list of microorganisms categorised as
CMC 7. To be used in a fertilizer, its

incluzion in this category must be requested.

CMC10: Derived products within the
meaning of Regulation [EC) Mo 106342003:
An EU fertilising product may contain
derived products within the meaning of
Regulation [EC) Mo 1083{2009, having
reached the end point in the manufacturing
chain as determined in accordance with that
Fiequlation.

CMC 4: An EU fertilizing product may
contain digestate obtained through
anaerobic digestion of excluzively one ar
more of the plants or plant parts grown to
produce biogas. To thiz point, plants include
algae and exclude blue-green algae.

DOutput
material

Enriched
reclaimed
water

Hydrolyzed
sludge

Algal
biomass

Enriched
reclaimed
water
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Alternative
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product

Enriched
reclaimed water

Eniched
reclaimed water

Recovered W
and P - struvite,
Ammonium
nitrate and
shudge
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Technology

1. Secondary wastewater
treatment with ultrafiltration,
active carbon and reverse
osmosis [Ow)]

2 Secondary wastewater
treatment mized with brine (R

Optimig ation of the reclamation
treatment for the specific use of
the olive growe based ona
=ettling pond, a storage hasin
with ultrasonic reatment and 2
ring filtration system

Different technologies for M P
recowery are integrated in the
exizting Murcia Este Ww TR,
First, an elutriation process full-
scale wa implemented, in 2
rewversible configuration, bo
extract and concentrate
phosphates before they enter
anaerobic digestion, were
uncontrolled P precipitation
=tarts causing operational
problems. Phosphates
concentrate in the supernatant of
primary thickeners can feed the P
recovery unit for studite
production,

P 5 dici Flect

F w0

covert crude material into safe and high
quality Fertilizing products linclude link)

Treated effluent from the Roldin-Balsicas wastewater
treatment plant is reclsimed using a prototype module
and then used for agricultural irrigation by the Irigation
District of Campo de Cartagena. Cultivation techniques
include horticultural erops (59 3], citrus trees (30 %],
fruit trees [4 %] and greenhouses (7 %), Greenhouses
cover about 1,300 ha of irigated land, with about 36 » of
that surface devated to pepper cultivation; the rest is
dewoted to cultivation of 2ucchini, tomata and
ornamental lowers. Cultivation is mainly (33 3]
conducted using drip imigation techniques.

e v aterjpi.eutioi llstjoi ll-2015:
waterworks-20Mdesert
https:tfwww researchgate netfpublicationd 330374676_LI
sing_saline_reclsimed_water_on_almend_grown_in_M
editenranean_conditions_deficit_irrigation_strategies_a
nd_salinity_effects

The wastewater treated at Montilla WwTR, by means of
a prolonged low-load aeration process and subsequent
secondary decantation, is sent to a decantation pond in
sechar | of the TR TIMTIR. This pond has a useful
capacity of 3,143.45 m3, being used For irrigating a
surface of B60.53 hectares.

The water coming from the settiing pond accumulates
in the storage pond, with a useful capacity of 222,604
m?, being uzed For irrigating a surface of 150 hectares.
Twiultrazound units are installed in the storage pond
for the elimination of microalgas.

The water from the storage pond, taken via  floating
water intake, is filtered by means of rings, consisting of
several units of automatic filkers of 120 microns, self-
cleaning by opening the package of rings,
hitps:iireutivar.eut

https:iireutivar eutup-
contentfuploadsi 202 105 Reutivar_ Resumen-
Ejecutiva_ud.pdf

Depending on the configuration of the Wi TR,
phosphate can accumulate in centrates of in the
supernatant from primary thickeners, so bath sheams
were Fed to the P recovery unit, where ammonium
accumulates in higher concentrations, allowing struvite
production. M recovery was assessed in centrates
stream, since it aceumnulates ammonium in high
concentrations allowing high M recovery rates.
Alogether, LIFE EMRICH integrated Pl recoveny
solution enables a flexible and robust process that
mazimises nutrient recoveny

http:ttu life-enrich eufwp-contentiuploadsiLIFE-
EMRICH_Laymans-Fieport.pdf

The new fertilizers were used as raw materials For manufacturing
the optimal nutrient solution for fertigation of three horticultural
c1op species.

Three different compositions of nutrient solution were tested,
differing an the

F and M sources:

1. Struvite. With 10037 and 17+234 of F and M recovered source,
respectively.

2. Struvite and ammaonium nitrate. With 1005 and 34265 of F and
Mrecovered source, respectively,

3. The conuentional Fertilization uzing solely synthetic fertilisers.
The recovered sources were the P and M from ground struvite
and the M-MH4+ from liquid ammonium nitrate. The reference P
Fertilizer conventional nutrient solution was KHZPD4, Other
commercial fertilizers were used to complete the nutrient
=olution and to lower the pH.

Murcia Este full-seale projection will produce 1100 ty of struvite
and 1937 by of ammonium nitrate [2154w), which accounts far
4220 of P recovery and 1122 of B recovery (342 as AN) of total P
and M present in wastewater influent, under a Favorable scenario
of high bic-P remoual and 9.1malL of Prat in Wi TR influent.
Considering market prices of 350 and 410 1#t of struvite and
AMmonium nitrate, revenues would be of 385 kifty and 734 klty,
respectively (tatal of 117 M)

Technolo
gy status
(TRL)

Demanstrate
dinrelevant
enuiranment
(TALE)

Demanstrate
dinrelevant
environment
(TRLE)

Demanstrate
dinrelevant
enuiranment
(TALE)

CAPEX
production
cost

The estimated
CAPEX willbe of

& 76 M for

struvite production
(76 ki for elutriation
process) and 1.33 M|
for ammonium
nitrate production
[rotal of 6.15 1M|)

OPEX production cost

{regionalinationallEU) materia

Enriched
reclaimed
water

The minimurm requirements for the water Enriched
reuse established in the majority of existing  reclaimed
regulations, like RO 162002007 and the new  water
Fegulation (ELI| 20204741, must be applied

aslong as reclaimed water from municipal

sewage treatment plants is used For

irrigation in agriculture, in accordance with

Directive 3Z7YEEC.

The quality of the reclzimed water complies

with the quality criteria established in annex

L&, Quality 2.3 of ROB20/2007, related to

eggs of intestinal nematades, E. coli and

solids in suspension, which quarantees that

said water can be used with security For

agricultural irrigation of the olive grove, also

ensuring a level of environmental protection,

human health and animal health,

Regarding operational costs of nutrient
recavery technologies, OPEX for struvite
produstionis 202 kify (183 1) and For R,

The recaovered struvite and ammanium
nitrate were characterized to aceomplish the
legislative requirements for new Fertilising

Struvite,
AMMenium
nitrate and

531 kIfy (460 ft], being the main costs
WHOZ and zeclites [M recovery] and MaOH
[P recowery] over other chemicals and
energy consumption,

Also, this nutrient recovery process has
ather benefits regarding Ww TF
performanee, which translate in OPEX
sauings For the installation. They come
from improving sludge dewaterability,
awciding uncentrolled P precipitation
problems, and reduce the M ioad to
biclogical reactors. Fesults pointed out
that, at full-zeale for marimize Pk
recoweny, Murcia Este Wi TR would benefit
from sawings of 7.4% in aeration
requirements [nitrification] (ki) 17.952in
dewatering energy consumption (Skify), 273
in polymer requirement For dewtering (52
klty). 2054 in sludge management (119 kify).
85:in antiscaling and maintenance dus to
uncontrolled P precipitation [1kIf and ¥ kify
respectively). This is a total savings of 235
kity. Owerall, 2 positive margin of 322 kily
would be achieved

materials (EU 2013A1003) sludge

Research Executive Agency (REA). Neither the European Union nor the granting authority can be held responsible for them.
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Alternative
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product

Hicioslgse
hydralysate

a
Phospharaus
0
Hutrients
recaversd

Technology P i diti fecti to

P

covert crude material into safe and high
quality fertilizing products (include link)

‘W astewater-based algae
bicrefinery [WWwAE]. Upto 17 ha
of raceway and tubular reactors
located inzside a greenhouse were
inztalled to produce biomass for
agriculture and aquaculture
related applications.

Using marine water and
wastewater the plant is managing
up to 2000 m® of
microalgaecultures.

bttt al estzabanalprojec
H

Wl aztewater is treated by a 2000
m? High Fiate Algae Pond
[HRAF) and tertiary treatment
compased of 250 mF planted
Filker with natural material for
enhaneing phosphorous
recavery. lirigation water is finally
obtained and reused with a solar
anodic: axidtion dizinfection and
=mart irrigation system. The
biomass obtained iz
anaercbically digested and
biomethane is produced by an
innowative biogas upgrading
system.
https:ffincover-project.eufcase-
studyfcase-study-2

Two 500 m* HRAPS reat
wastewater and the algae
biomass used is harvested and
transformed into biogas through
thermal pre-treatment and
anaerabic co-digestion. A 260 m
euaparative system is used For
the digestate stabilization and
nutrient recavery, with 2ero liquid
discharge
https:tincover-project eulcase-
studylcase-study-2

Technolo CAPEX
gy status  production
(TRL) cost

OPEX production cost

Walidated in
releuant
environment
[TRLE)

Diemonstrate
din relevant
environment
[TRLE)

Diemonstrate
din relevant
environment
[TRLE)

Legal status
[regionallnationallEL)

Novafert

Output
material

Wicroalgae
hydralysate
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Alternative  Technology P ing diti Frecti w P ing capaci Technolo CAPEX OPEX production cost Legal status Dutput
Fertilsing covert crude material into safe and high gy status  production [regionallnationallEU) material
product quality fertilizing products [include link] (TRL) cost
1

Biofertilizers and Five selected strains with proven  Microalgae systems optimised will be able to operate in Demonstrate Algal
biostimulant antifungal, antibacterial and continuous mode For siz months without collapses, at din biomass
products biostimulant activity will be productivities kigher tan 70 Whasyear, with power operational

cultivated using wastewater. consUMptions lower than 5 #m?, and recovering more environment

Culture conditions and than 802 of nutrients contained into wastes. Up ta 10t [TRL7)

operational aspects of thasyear and 2 tPhasyear will be recovered at biomass

microalgas production will be  production cost below 10 .

optimized, and the yield and The harvesting process will allow recovering more than

efficiency of large-zcale 953 of produced biomass, with power consumptions

production systems. Wastewater  helow 0.1 kWhim3. Mild processing technologies will be
and maine water will be used to ysed o ewtract up to 805 of high-value products from
achieve sustainable proceszes.  the microalgae biomass, without damaging the residusl
biomass For its latter utilisation to produce
biofertilizers. Only wet processes will be used to
enhance the sustainability of the process, the utilisation
of non-safe soluents being disregarded.
https:tfwe. algaenauts.eufd
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Alternative
fertilsing
product

Enriched
reciaimed water
[richinh
[especially
organic
nitrogen), F and

Bfiostimulant
based on
hydrolysed
sludge

Bfostimulant
based on algal
biomass

Enriched
reclaimed water

Project

Water2FRE
urn (H2020
project,
G.A
730298)

Water2FRE
urn (H2020
project,
G.A
730298)

Water2FiEt
um (H2020
project,
GA
T20292]

Rich ater
{Hz020
projest,
GA
BA1402)

Source

W astewater
from the
slaughtering
industry

Sludge by-
product
resulting irom
wastewater
treatment [via
an SBR) from
the
slaughtering
industry

Sludge by-
product
resulting from
wastewater
trestment [uia
an SER) irom
the
slaughtering
industry «
hydrolysed
sludge
produced via
Fermentation
with Sscitls
S

Urban
wastewater

Country

Spain
[Andalusia
regian,
Salteras
municipality]

Spain
[Andalusia
regian,
Salteras
municipality]

Spain
(Andalusia
region,
Salteras
municipality]

Spain
[Andalusia
region,
Algarrobo
municipality]

Hum Dry | Av

ity

idity matt estimate

“ er ¥ Tonnes

nationally

Organic
nitrogen
007
0.02%
[pfe)

Crganic
nitrogen
00Es
0.03%
[pip)

Ammoni
um
fuerage
Ammonia
M weekly
measured
fram
Seprember
202010
March
2022,
21mgfL
Ammaniac
al nitrogen
0.05:0.01
s ph]

Ammanias
al nitrogen
00001
(pip)

Novafert

Keftonne of DM Formistate  Type of LCA Organ Ag i Ci
hauidioell licati i i F ol
tized!solidlg methodimeth e iser (include

Organ ranularlpow  ods for best
ic der etc. environmental

Hitrate  Nitrite carbo and economic

. % Px P:0s K» K:0 Sx 503 nx pH performance

Awerage M- Auerage Liquid Irrigation ‘W ater2RE

NO3 Taral M mLayman's

weskly  weekly report

messured measured

from from June

September 2021 to

2020 ta March

March 20zz;

202z: a1mgiL

11mafL

6,83 Liquid Irrigation Water2RE
Soil sprauing mLayman's

report
E01 Liquid Irrigation W ater2REw
Foliar spraying mLayman's

report

Rlitrates, TatalP, TotalK, 791 Liquid Irigatian

923 434 443

i3 aim3 ahm
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Altermnative
fertilsing
product

Enriched
reclaimed water

Enriched
reclaimed water

Fecaversd M
and F - struvite,
ammonium
nitrate and
shidge

Project Source Country  Hum Dry  Availibilicy
idity matt estimate
* er % Tonnes
nationally
N ]
organi inorgani Ammoni Mitrate  Mitrite
N c¥ c ¥ um ¥ “

DESERT  Urban Spain 1. O, IOy,
[Water  wastewster | [Murcia 1GEs:
Works region - z53malt
2004-2019 borders 5 . s,
in Suppart Andalusia to e
aFthe the East -, "
Water JP, Foldan 828 mal
Mumber: W
aterdPl-JC-
2015-03)
REUTI¥A  Urban Spain
R wastewater | [Andalusia
[FEADER region,
2014-20, Montilla
EIP-Agri municipality)
aperationa
I groups,
Rieference
rumber:
GOP3-5E-
1E-0005)
EMRICH  Urban Spain Potentia
(LIFE Wastewater (Murcia I
project, region - recovery
G.A, barders ofupta
LIFETE Andalusia to 1
EMYIESID the East -,
00375] Murcia

municipality)

Kg/ftonne of DM

mgl!

Fatentia
|

recoveny
ofupto
23

K
1.0W,
20672
a8 mal
:

2 R,
4276

E30mgh
.

KzD

503

Drgan

carbo
n¥

Formistate Type of LCA
iqui I licati f

Novafert

of

methodimeth e
ods for best

tizedisolidig
ranularipow

der ete. environmental
and economic
performance

Liquid Dirip and sprinker
iimigation

Liquid

Liguid (injection  The fertigation EMNRICH
of water-soluble  sustem was Layman's
fertilisersinto  establishedby2  report
theirrigation  tanks per
system) treatment,

containing

concentrated
nutrient zolution
00 1o

be releasedinto
passing rrigatian
water thraugh
wenturi system
with automatic
cantral of
irrigation,

fertiliser (include
k)

certifi
edico
nventi
onal

The results of the
AQIonomic aszays
revealed that struvite and
ammenium nitrate used
as fertilisers in fertigation
systems for tomato,
broceoli, cauliflower and
lettuce craps were equally
effective in total yield
[fresh or dry matter) and
quality product ta
conventional Fertilisers,
bothin the greenhiouse
and open-air conditions.
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Alternative |Project Source Country  Hum Dry  Availibility Keg/tonne of DM Formistate Type of LCA Oigan A i C
Fertilsing idity matt estimate [liquidipell. pplicati F ic peif of
product ¥  er¥ Tonnes tizedlsolidlg methodimeth e certifi Fertiliser linclude
nationally Organ ranularipow  ods for best edlico link)
N N ic deretc. environmental nuenti
organi inorgani Ammoni Nitrate  Mitrite carbo and economic onal
1 N c¢x o um % “ “x Px Pz0s Kx K:0 5% 50: nix oH performance
Microalgae SABAMA  Wastewater | Spain Field trials were performed
hydrolysate [Hz0z0 [sewage, [Andalusia to evaluate the benefits of
project, centrate and | region, micioalgae hydrolysate in
G.A, pig manure) + | Almeria thee vield and quality of
T278T4)  marine water | municipality) fruits in different crops.
Different formulations
were evaluated, and it was
obserued that both Fruits
yield and quality largely
increased when prowiding
microalgae based
products. This behaviour
was observed in largely
different crops such az
tomate, pepper, but also
in grapes, olive trees,
orange and maize.
http:ttwwwZ ualesisabana
fup-
contentiuploadsi2021003¢
SABANA-Eth-g-bulletin-
o cuaderno-ulpdf
Fhosphorous INCOVER  Urban Spain Mo agronomic studies
[H2020 wastewater | [Andalusia were conducted inthe
project, region, framework of the project
G.A. Chiclana de
E33242) |3 Frontera
muricipality)
10
Mutrients INCOYER  Urban Spain
recovered [Hz0z0 wastewater | [Andalusia
project, region,
G.A. Almeria
589242 municipality]
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Alternative | Project Source Country Hum Dry Availibility Kg/tonne of DM Formistate Type of LCA Organ Ag i C.
Fenilsing idity mart estimate liqui 1l pplicati F ic perf of
product 4 er % Tonnes tized!solidlg method!meth e centifi  Fertiliser linclude
nationally Organ ranularlpow ods for best edlco link)
N N ic der etc. environmental nuenti
organi inorgani Ammoni Mitrate  Nitrite carbo and economic onal
1 N c X -3 um x * *x P P:0s K K20 S5 S0z n¥ pH performance
Biotertilizers and| ALGAEM  Urban Spain Final products formulated
bicstimulant AUTS wastewater + | [Andalusia [biopesticides and
products [European marine water ' region, bicfertiisers] will be
Maritime Almeria walidated through field
and municipality] trials at real crop
Fizheries conditions. Field trials will
Fund be developed in an
(EMFF) Experimental Center with
project, fully monitored conditions
GA, inhorticultural and Froits
101038250] crops. Additionally, target

products will be evaluated
and validated with end-
users such as distributors
and farmers.
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Alernati Technol Processing Proces Technolog CAPEX OPEX Legal Output Proje  Source Count Humid Dry  Av Kgftonne of DM Formistate  Type of LCA Organi Agronomi Comme
ve ogy conditions, sing y status producti producti status materia ot " ity % matt estimate (iquidfpelle application refere ¢ [ nts
Fertilsil flect to  capacit [TRL) oncost oncost [regional | er¥ Tonnes tized!solid! methodimethod nce  certifie performan
product covert crude v Inational nationally granularfpo s for best dicone ce of

material into safe {EU wder etc. environmental ention  fertiliser

and high quality Organ and economic al (include

fertilizing N N ie performance link)

products (include organ inorgan Ammoni Nitrat HNitrite carbo

link) Nx e e um¥X e¥x % Px P:0s Kx K:0 5% S0: n% pH
Organic Anserobic iz extremely suitable for Awailabke on the Digestate Croatia 85 2 7 27 7 peletized Pre sowing should be Organic  hittps:ffecodip
mineral digestion acidic soils because its market (TRL9) introduced into the certified e/

seed layer, for

composition is pH neutral
and has excellent Fertlising it is
recommended to

solubility.
incorporate into the
soil.
Organic Anserobic  Itis extremely suitable for Boailable on the Digestate Croatia 85 2 5 a EH 7 pelletized Pre-sowing should be Onganic | hitps//ecodig
mineral digestion  acidic soils because its market (TRL 3] introduced into the certified | euf
composition is pH neutral seed layer for
and has excellent Fertilising it is

recommended to

solublity.
incorporate into the
soil
in 1 https:/het e Auailable on the K contains specidl supplements  Crostia Organic
conditioner niproducts soil miarket (TRL9) Mescal and Physio + complex. centified

conditionersscil PHYSIO +
conditioner/physic-max- - apowerful arganic biostimulant
for root strengthening that allows
the efficient intake of nutrients
and water from the soil

- amingpurines stimulate root
system growth and allow
increased uptake of Fand K

- accelerates the initial growth,
improves the plant resistance to

975/

stresstul conditions such as
drought, low temperatures, ete.,
and allows a stable and quality
yiekd in different weather
conditions

MESCAL

greater cakium absorption
required for root and root hair
development

- better activity of microorganisms
in the soil

-improves bacterial environment,
&g micro-pH for bacterial activity
- better storage of nutrients, e.g..
B K within the clay-humic
complex
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Annex 3 - Raw data from technology & product template Eastern Europe

Al Technolo [P i diti P i [Technolo [CAPEX  [OPEX [Legal Output [Project | Source | Count [Humidit [Dry Keftonne of DM Formistate [Type of LCA [Organic  |Agronomi |Comments
fertilsing  [ay effectiveness to covert |ng gy status |productio |producti|status | material v y% matter iquidipell lic ati refere ifiedlc |c
product crude material into capacity |[TRL) n cost on cost ([regional! > estimate hod!meth |nce F
safe and high quality nationall Tonnes digranular |ods for best 1 nce of
fer ing products EU nationall Digan Ipowder environmenta fertiliser
(include link) y N N e, eto. 1and (include
organ |inorga [Ammon |Nitrat |Nitrite carbo economic link)
1 H¥% |icx |nicX |iumX |lex |% Px |P20s[K% |Ke0 |S% [SOz n% |pH performance
i PolFarizh - 24 Available on the Thi idy was | Ach from | Poland 5 Pulp, Selid
phasphate with mineral acid market (TRL 3] pported by | industrial
(MaF) Wetpdbinn transfer.codu plplide] The Nationsl | sewage
ap-pelfarach-afarta- Cantre far ludgs
-palitechniki- PReesearch and
krakoszhie],135.chtm; Development
Wetpshiuc s nbus. griathen 201 Ipras (NEBIR)
sedingzlpdiziAthenz201T_Goraada thraugh the
_Tarke_'Warch_Nowak_Kulcaycka rezsarch grant
_Smol_Henclik.pdf PESNANSI201
Zand by The
Natinal Centre
far Rescarch
and
Duvelopment
rogather
with Mational
Fund for
Environmental
Pratsction and
Water
Management
thraugh the
rezsarch grant
GEKONE/OSIE
683 1E201
2
Sragel Thiz Preparation of PThioz Sulfur Pokund Tiquid Froject Me.
A technology For the production of | technalogy will a patent dioside POIR.01.02.00-00-
patassium sulfate [I¥] was be spplication Far from the 00B1T received Funding
devsloped, and produced 3z 3 implemented in | the tachuology inztallation Fram the Mational Center
rezult of the absorption of sulfur the busir of producing far the for Rezearch and
dicid from the instalation for the | actvii patassium production Development under the
production of sulfuric acid. Aza | Grupa thiszulfate of zulfuric secroral program
rezul, emiszions of zulfur dioxide | “Fozfory™ 3p. |(TRL 3) acid CINNOCHER™, Meazurs
and nitregen exides inta the 2e.e.asan 1.2 "Fectoral RED
atmazphere were reduced by industrial programs" of the Smart
approximately 30%, which haz o allation Girevith Operatianal
meazurable impact on reduci with 2 planned Program 2014-2020. The|
gresnhouze gas capacity of 10 wark was carried ouk by
impraving s quality snd iz i ine. | 000 ty. Grups Azaty Zakiady
with the principles of the circular Azorows "Pusiey” i
¢ 3 project leader and
Grupa Aoty Zakiady
Fasforowe Gdwisk Sp. =
produced from pota: o0
zulfate and zulfur from the Claus The 50% potazsium
desulfurization pre " thiosulfate salution
the imnawative Rechnolagy, o praduced in this made
praduct of vary high purity and, can b ceparated ¢ an
mast impartantly, high anca to independent patazzioms
U radiation was obtained. salfur Fertiizer liquid, and]
Wtpsitnaszarals pliiosiarezan- canalsa be introduced 12
petacu-plynny-nawaal ; araw matarial for the
s hitpidtumr. Foctary phifunduze- praduction of compound
Grgano-mineral | FUslGAIS | The principle of operation of the “Fvaiable on the v Seuage | Pohind 50w [ (TS E|Powdsr - 50,37%, CalOHE -
Fertilizer DrCal® rachnology iz bazed on a cantralled market (TRL 3) sludge, 42.11% Ca- 22.02%,
slectranic cxotharmic reaction, biodegrad Organic subzrance -
which takes place with the able waste, 35,50%
participation of 5 certificd selected
‘WapCal® reagent. animal by-
+ horniteen) slttusleal ducee
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Agronomi | Comments
o

Al ive |Technolo [P i diti P i [Technolo [CAPEX  |OPEX |Legal Output |Project | Source |Count Availi Kefoonne of oM Formlstate | Type of
fertilsing oy effectiveness to covert [ng gy status |productio |producti|status material ™ y* matter |ty (liquidipell | application
product orude material into capaoity |(TAL) n cost on cost |(regionall P astimate izedisoli hod!
safe and high quality nationall Tonnes dlgranular |ods for best 1 nce of
ferl ing products EU nationall Organ ipowder envilonmenta fertiliser
linclude link) ¥ N N i etc. land clude
economic

Ammon carbo
jumz |es  |x P |Pa0s |[Kx |Kz0 |52 |S50: [m3  |pH performance
Granular Composting | Fermented chicken manure after Amailable on the V Chicken | Polund T W E Granular o o
EICPOWER - |and i dning | ring and aranultion, s narket [TFL3) e

crgunic Frtfoee eolagied prasucs

hetpati e (P iuneg. pulsiey. pltfertd
fertaspit showstrue

ROLPOWER - | Gomposting | Paultry manure iz obkaincd from Arailable on the 0 Chicken, | Folnd a30% B3 EJ E] EQ 55 | Granuhr
argqunic Fertilizer |and air drying | Free-range Farmz. The manure is market [TRL 3] manre
<omposted ond then sir-dried [ne:
dryer iz uzed), then undergose 3
granulation pracezz. In the final
=tage, high tempsrature <lmi
andlesirable pathoger

ar eqgs or young
development. sl o
sadwnictme. pliwidome:

ges of insect

Granbil - Actinated “Waztewater entering the trestment | Carrently, in | Awailable on the Sewage | Fohnd 2 50% GE0% Granular Organic cubztance - 40%
erganic fartilicer | zludge phnt andorgass Mlany thesewags | market [TRL 3] chidge
waztowater | technological changss basedon | treatment plant
treatment mechanical and biological treatment | bclonging to
methads In the individual tages of | Wadscisgl

the process, depo:
ehich ars the basis for the speos
production of ferilizer, After around 4,000
dehpdrating them to spproz. 20% | tonnec of
i, are direstod to the dryer, The | Granbial
sludge iz drid on heating trags at 3 | erganic
temperature of approx. 20S+TO . | Fertilizer are
The temperature of the granulez [ produced
sfter drying is spproz. 100G The | annuslly.
dried sludge

2 are Formed, | Bintastockic

discharged to 3
and then to storage

organiczny-pradukowany ;
Wtpstiwien wob pllimagesaferta
ISprocdss_wawosy_orgunicanegol
BIOROL Natural | Brorol echnoled The Biarol technology iz 2 pro
Fert

Capacity up ta | Goth the Bioral | 5 min = (106 Development of | Sewage | Pofnd 120% T20% Granukr

technology and | minl) innorative and

the Biaral environmentally

arcin Friendly

of technolegy for
n

to produce a product that

magikg. Pb ¢ 6.4 maikg,
retS maihg, Mi<3 3
mglkg

fert
from 150-400 | the pros
kgih patent
ized municipl zewage eludge pratection
ting from biomazs because they
ian. The Technological Line are registered
5 of the following madules: with the Patent
1. Preparation of the mixture for Office of the
drying together with warshouses Riepublic of
for raw materisks and tranzmizsion, Pelund (TALS) technologii
2. Diying 5 ztandardized mizture of wytwarzania
wasts; bionawosuz

3. Pachaging of the final product - sdpadin)
biafertiliser,
4_Purification of i dusts

nd

Fromthe drying proc.
feeding the dryer,

5. Contrel and meszurement
squipment.
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Al Technolo |Pi i diti [ i [Technolo |[CAPEX |OPEX |Legal Output |Project  |Source |Count [r——— Formistate | Type of LCA |Diganic  |Agronomi |Comments
fertilsing oy effectiveness to covert [ng gy status |productio |producti|status material "w -4 matter liquit licatie refere ifiedic |c
product crude material into capacity |[TRL) n cost on cost x estimate i i hodh h [nce i f
safe and high quality nationall Tonnes digranular |ods for best 1 nce of
fertilizing products EU nationall Organ fpowder environmenta fertiliser
include link) ¥ N N e etc. land linclude
organ |inorga |Ammon |Mitrat |Nitrite carbo economic link)
1 N% licx |nic% |um3% |ex |% P% |P:0s K2 |Ke0 |S% [S0: [n%  |pH performance
liquid fert Tianure heating-| Drganic fertilier abtained by means| Awvailable on the Cattle | Polund 0.17% 5 T 108 5t | Liquid Organic matter on dry
AGROLINIAS o an innavatine - bydrodynanic market [TRL3) manure biaziz [the ach content
cxwitation tachnalogy of manurs wac datarmined 3t the
from bect cattle bedding and huic temperature +500 "C) -
acid from leonardits humatas, 65,85, Organic matter -
3T, molcturs - 14,3%,
ccolagical Fertilizer iz obtained in dry matter - 5,75, Tatal
concentrate with 5 vary barge Hunic acidz on dry basis
amount af Fuliic and humic acidz, 52,6%, Total humic adids
tich in micts -5.0%,B- 4,3 matka,
hetp e Mn - &Tmatkg, Mo
<Imgrhg, Cocimgikg, Cu
22mgthg. 20 -39
maikg, Fe - 116 matkg, ui
-2.8 mgtha, Mg - 487
a maikg
Phozphariz Fracotary of phozphoriz from bath Biatert - fches from| Foland
bones and ash from sewage shidge Renewable | incinerated
incineration, Bacteris ars used Far sourcezof | dried
thiz purpose. It i known that it phocphoruz - [ zludge
accompanies tooth - carics resource base | from
inyoung children, Thess bacteria ars faranew zowage
4 to changs the prapartias of guneration [ treatmant
phaphats raw makerials, The fertilizer Plank wnd
bactaria makez it cazier for plintz (Odrawising
ta abzorb them, hitps:¥spalarnio- réda fastoru -
cdpadon plfsfor naniwasy- bas;
adayckivany-2-adpadowt urowans
nowve generacii
nawozin]
10
Fertiizer from hitpdtzeidel- Derclopment of | Sewage | Palund Grandkr
zewrage shidge prayuschl.cut2020/03 2 naw e anorganic [ zludge
with the addition ergaicane-mineralny-a-ocadoi- minoral ertilizer
of dusty mincral seickamych! based on
materils zewage sludge
with the
adddition of
minaral
micronutrients
(Opracowanic
nawom
arganicana-
minerainege na
i« acadin
scickaupch =
dodathiam
mikroclamantd
@ w mineraluyeh)
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Annex 4 - Raw data from technology & product template Western Europe

al iv Technolog P i diti Hecti to covert P i Techn CAPEX OPEX Legal Outpu Projec Sourc Count Humid Dry  Availib Kg/tonneof DM Formista Typeof LCA  Organic Agronomi Comment
e erude material into safe and high quality capacity ology producti producti status  t t e ™ ity % mart y e applicati referen certified ¢ s
fertilsing fertilizing products (include link) status ongost oncost [region materi er estima (liquidlp on ce leonven performan
product (TAL) altnatio al e Orga elletized method! tional  ceof
nallEU Tonne Amma nic Isolidlgr methods feniliser
s orga nium carbe anularlp for best (inolude
1 e mie N % % ex % P P:0s Kx K:0 Sx S0z nx pH " . oy
Ammaniam | Stipping &Mz an end-product af [sripping-sciibbing technalegy. | The avalsble | 7 FotnZC Digests Belgum MG WA Rid 13- ] [1] ] ] T [ B Ol Low FuiZCy | Comeentio The
rinate (M) | and This technelagy is currently spplied in livestock sperstions  scale of pele  teor 202 emmision | cle sl law product
scrubbing  torecover M irom waste streams such 23 snimal manure, | operationsin manure liquid Dieliversb | inpur does not
with HNOS  digestate and their respective liquid fractions. The livestaok sectar shuries injection | 2034 contain P
aperating principle of [stipping-Jscrubbing is that is =till an pilet systems orCand as
ammenia (NH3) can be stipped by air, steam or vacuum  scale with suchhas
through the M rich waste stream in anMH3 stripping capacity to treat some
teactor, resulting in NH3 transfer from the aqueous phase  around 30 000 similar traits
to agas phase, The released WH3 s removed in a tonnes - 40 000 as
whemical sit scrubber by wazhing it with & strong acidic tannes of Mrich synthetic M
selution such as nitic acid (HMO3), resulting in AN, waste StUeam per tertilizers.
uear [case study
in Flanders,
Eielgium)
http: fwww diges
mart. guldocume
ntosi03. 3% 20Fi
nalz Zhiepan2
Dor20ther: 20
trial=20-
s 2hechnologie
s Z20forz Z0nutr
ient: Z0recouer
2 i 20from 20di
Ammanium | Stipping AS s an end-product of [ztripping-lscrubbing technolagy. Currenty this 3 MurrizC Digesta Belaium KA ST 3-9 a a a a a 1 [R5 Liquid Law Muri2Cy  Conventio Ammaonium
sulphate and It ean be obtained fram serubbing smmonia (MH3) ich st product is pele  teor emmision | cle sl law sulphate is
(a3 sorubbing  From livestock operational units[ie. stables, duingand  produced at manure liquid Dieliversb | inpur aliquid end-
with composting] ar from stipping and serubbingMH3Rom  large number of slurties injection (12035 product
[MH$2504  nitrogen (Nl rich w aste stieams. Inthe case of air cleaning,  livestock farms in systems that can
the aif from animal stables is blown into the system either  Flanders by zontain 3=
horizontally [eross-current] or upw ards [counter-cunent],  treating air I of total
and senubbedin 2 scrubbing reactor by means of from livestack N
sulphuric cid (H2504). The second option ista fist siip operationsl completely
HHS from Miich waste str=ams, by adjusting pH andler— units. On present in
temperature levels, 1o achisve NHE ranster from liquid s average 151 of mineral
gaseous phase. Onee stripped, the NH3 in gaseous form | H2504 is form. The
istranstemed o a soubbing column whers it gets spplied to product
senbbed with H2504. remave Tha of does nat
MH3 eontain P
which resultzin orCand as
spprosimately suchhas
30L of AS, some
depending an similar traits
the amount of az
HH3 to ke syrithetio W
removed and fertilizers.
the amount of
MH3 that can be authority
insenbbing permitin
water before itis Flanders,
satrated. butnatan
Furopean
3 level
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e crude material into safe and high quality capacity ology producti producti status t e ] ity man ility te applicati referen centified ¢ s
Fenilsing fenilizing products (include link) status oncost oncost [region materi el estima Uiquidlp on ce lconven performan
product (TRL) alinatio  al te Orga elletized method! tional  ceof
nallEU Tonne N Ammo | o nic tsolidigr methods feniliser
s organi inorga nium  Nitrat Nitrite carbo anularlp for best [include
1 o N nic % % ex % P% P:0s K% K:0 S% SO0z n% pH " : ity
Tiquid Solid-Liquid | Sehd-Liquid separation is the most requent frst stepin | Forthe pear 7 otz Oigests Belgium MG FIA | RiA TE- Liqud
hactionof  separation | digestate processing andis uswally carried out on-site to | 2016, in Flanders wcle teor 8.5
digestate reduce transportation costs for disposal, to free up starage | alone, the total manure
space of for further upgrading (such as nutrient processing shurigs
extraction). To mechanically separate the raw digestate | capacity of liquid
inke its liquid and solid forms. The most commonly used digestate was
techniques are the sorew -press, the centrifuge [decanter] reportedto be
andthe belt fiter press. The phase separationleads ta 3 P- 71373 tonnes
rich solid fraction [SF] and & M and K-rich liquid fraction [5nd 55,782
(LF). The SF contains high phospharous and organic torines of salid
fractiones, whichis interecting bor soi properties and humus | digestate) In
formation. It can be further dried, composted, granulated | Flanders, in
or directly applied to the field as soil amendment. The LF, 2017, the:
with high contents of plant-available M and K. is more quantity of
suitable a5 2 fertilizer pplisd vis zoil mixing (shumy processed input
cultivater), mechanicalinjsction, drag hoses or surface matenial for
dressing separation inte
SF andLF
ranged hom
23,500 [low end)
o 225,000
tannes (highest].
Fbiogas plants
arereported to
separats
digestate into LF
and 5F tatalling
2,214,000
4 ronnes of fresh
Digestate MutiZC Marure Wetherl
5 ycle ands
wolid fraction ButiZC Manure Nether
& |of digestate wcle ands
Membrane HutizC Manure Netherl
7 | filzation vele ands
Reverse MuriZC Manure Netherl
osmosis pele ands
8 | concentiat
High NP oo- The digestate is separated into aliquid and a solid fraction. Produstion of T 3800 423 We'wle Digesta MUTRIM Mnaure Belgium 30 5.5% 284 |37 257 40 85— pelletized low input,
pelletized  digestion+ | The liquid fraction is concentrated via Reverse Osmosis | 30.000 tonnes Wito'e Belt | ; reincl AN and 33 conventio
digestate  digestate (RO, B0% water and 403 ‘concentrate” an ammoniacal | digestates per filker Input:orga high organic nal
post teatme nitogen liquid wear press, nic waste P~ aste
nts (animal manure-status Arbio). This concentrate is then 75.0005  steams. dried digestat
separation, |'back mized into the drying of the salid fraction digestate - 50,0001, 153 25T digestat e
concentrati | miking of the minersl concentrate (N and K) over the solid &, = pellst
onand fraction just befare it 200.0001, Output: =
backmixing | goesto a (belt) dryer. I, finslly, pelletised this results in an Backmix  Liquid
sy to distribute Fertilizer-peliet with an optimised (Wgher 35.0001,  fraction
MIP-content el druer: | digestare
4000003 5kon
8000001
9
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e crude material into safe and high quality capacity ology producti producti status  t t e "y ity % matt te applicati referen certified ¢ s
Fenilsing fenilizing products linclude link) status on cost oncost (region  materi ery estima Uiquidlp on ce lconven performan
product (TRL) alinatio al e Orga elletized method! tonal ceof
HEU T N N\ Ammo nie tsalidh thad fenil
nal onne |7 " ) . solidlgr methods ertiliser
. organi inorga nium  Miuat Nitrice carbo alarlp for best {include
1 i M% 0% niex % ex % Pz P:0s K% K:0 S% SOs n% pH a N Kt
PE fertlizer | Thermoshe | The PE fertiiser is derived from hydrated ash of incinerated Every pear El PK MUTRIM Ash Mether 1] e 2 T conwentio INFO SHEET The
from ashaf | mizal poultry manure. Poulty manure is obtained from pouliry | incinerates fertliser AN from  ands nal [nutiman.ns  fertiiser
rutrient farmsin about 430,000 paltry ]
poum recavery | the Netherlands meeting EU compliances for animal tonnes poulin manire neutralizing
marnre production. Main nutrients sre phosphoniz and potassium, liter and walue dus
The fetilizer produces tothe
has & neutalizing value due to the presence of hydrated | 232000 Minh presence
burnt lime and the fertiiser contains secondary and micte | gross and of hwdrated
nutrients. 57 000rannes burnt lime
PK fertiliser andthe
Feriliser
contains
secondany
i
micro nutris
s
in
Organic  Composting | The composting tskes 3 Mol Metherd [53 7 i 30kgh 184 1Gkgh Ekgh 412 Corwentio Extratichin
fenilizer+2: 2 place in 4 conttalled batoh process, using Foroed compos ands hitps: i mallow phasphate.
aeriation, Temperanre snd moisture content re red timan.ne inpLt
gonstantly monitored. poultry tfarmer-
marre platform!
and producti
“ campos 4451
mineral [ETEERY Fromthe reactortankthe manure goss to the sieve belt 135,000 Ausilabl raw pig  Mether 5-ES 0-0.1 B3 32 Liquid Open fisld Cormentio
nitogen  osmosis. | press. Within this pres the liquid pan of the manure, with | m3lvesrinput = anthe manure | snds kgl kgl kah | kghen
concentat minerals is separated from the solid manure, liquid fraction marcket
- send e flatation urit and then to paper filter where lehe
ower organic materials are fitered out Then it goes
through reverse osmosis where membrane filtration
separtes wlean filtration separates clean water from the
mineral concentrate.
[
Solid beltpress The process starts in s reactor tank where sulphuric acid 135, 000 Auailabl Salid Slurryl | Mether 30 1335 & 51 25 Salid Open field Conuentio DOue tathe
fracion  sieue andiron sulphate are sdded to the shum. From the reactor | m3luesr input 2 on the manre mante | snds kgitan kghton kg'tor nal organic
from tark the manure goes to the sisve belt press. Witkin this marcket fraction from originof the
livestock press the liquid part of the manure, with minerals is . pigs fertilizer.
marre separated from the solid manure, which willlater be mineral and nutrient
pasteurized for export and sales as oiganic phosphate concen cattles content
fertilizer. trate may vary
and
clean
water
[
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e crude material into safe and high quality capacity ology producti producti status ¢ t e "y ity XX mat e applicati referen certified o s
fertilsing fertilizing products linclude link) status oncost oncost [region materi erx (liquidip on ce fconven performan
product (TRL) alinatic al Orga elletized method! tional  ceof
nallEU NN Ammo | o nic Isolidlgr methods feriliser
s organi inorga nium  Nitrat Nitrite carbo anularlp  for best (include
1 iam M2 €% nicx ¥ ex = Px P:0s K¥x K:0 Sx S50: nx pH a , P
Ammerium  AMFER The AMFER® nitrogen stripper operates as abatchor TroS00tonthr  Auailabl Digesta Mether B a a Liquid Green Corwentio
nitratetsulp  swipping | (semi-l centinuous system,. Digestate (or other liquids) is ean te, ands hause and nal, law
hatefrom  process sprayed in the tank and aerated to stip the ammania ta the. marcket liquid open field input
1aw air. The air is sorubbed with an acid, ta praduce the fraction
digestate nitrogen fertlizer, which oan be ammenium nitrate ar Lpre-
ammonium sulphate. treated
manure
)
Compast  Local T from the b Cattle  France 03 aT 132 23
composting | serobic activity (bacteria, fungi, yeast.) and is maintained maEnure
process showe SO°C for at least 4-5weeks
[
Urinefiom  Physic- | By adaptionof a stable sustem. pig manure is being 2000 Awallabl | 90-TI00 B0-30 urine FRaw pig Belgium zaTa 3.26- 0ok 00 421 786~ BT0-
pigmanure  chemical | primary separatedin solid manure and urine in Tormestyear  eon  pigplace | ewroper marire kalton a70 013 013 kghen 052 926
rittogen the stable. This primary separation of manure in the cellar Marcket pig place alkg alkg  kglon
recauery is the basiz of lower smmaonia emissions. Thers is no need an
from fiar chemic als by using this technique. operation
manure: al
primany expendin
separation re:
[WeDotwS" maximum
adapted 150 euros
stable per pig
construction place
& = uerly
Liquid Stipping Buincreasingthe temperature andfor pH of the sluru the  static units can - Availabl Ammoni Separat Mether| T-16 a Liquid
ammonium | 2nd ammenium-Huillum into gas be prafitsble um ed ands
sumphste  scrubbing | Depending on the svailsbiit of hest from CHP sndthe | when the famer marcket sulphat fiquid
withHZ504 | capacitywe add some alkaline (CADH] 1 has production eor slurry
ammonium orHNO3 | incresse the pH. This gas will go intothe sitstream thatis | of ¢000 kg M and ammani
nitrate: Blown in the opposite wa. This zirwill g into more (> 1000 it
awasher. Here the washw ateris low in pH due to the tons e
added acid (H2504 or HNO3) henoe liquidizing the marreldigestat
ammonia again (MH3 to NHD ). For lower
than 4000 kg =
mabile Cireular
Walues sohution
can it
”
Ammonium  On-fam | At the pig fam orned bu M. Kris Casier, NH3 emission Awailabl Fig  Belgium 20 410 46- Liquidin Corwentio Agronomic
sulphate  sorubbing | from the pig manure is recovered by serubbing with can marre 61 lightbrown nal walues may
from pig sulphuric marcket color wary slightly
manure scid T due ta the
onfarm
sonditions
andinput
materials
[
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e crude material into safe and high quality capacity ology producti producti status ¢ t e "y ity XX mat e applicati referen certified o s
fertilsing fertilizing products linclude link) status oncost oncost [region materi erx estima (liquidip on ce fconven performan
product (TRL) alinatic al e Orga elletized method! tional  ceof
nallEU Tonne NN Ammo | o nic Isolidlgr methods feriliser
s organi inorga nium  Nitrat Nitrite carbo anularlp  for best (include
1 % _e¥X  nick % ex = Px P:0s K¥ K:0 Sx S0: nx pH a , P
Devican 005 000ty Avail=kl Inorgani Mutima Liquid | Belgium 015 [1] [
=tipping inorganic son fraction
and fertilizer marcket fertilizer of
sorubbing production manure
[ process .
Mineral WEMERANE | Anasrobic digestion Pig Fdn g 004 004 03 03 liguid
concentrat  FILTRATION manure
= =
20 product
Ammonium  Evaporste | Liquid faction of the anaerobioally digested pig shry and | 50000 tandyr 2,100,001 Ammoni MutiZs Bielgium LEE] 003gl 007 <01 <02 Corwentio
suphate digestate [LF)is produced in an anaercbic digester that um ucle alkg | alg Ko og oKz oig nal
operates under 36 °C (30-day retention time). Ammenium suphat
sulphate w as produced from heating LF to volatilize El
n 2 4-stage t |uacuum svaparation
system results in & gas stream. This stream was washed by
H2304 salution to dizzalue the ammanis. This resuled in
the firnal produst ammanium sulphare.
bl
Struavite The The digestate leaving the methanogenic reactor is Triday T Depends | 200,001 Stuvite | NuwiZze  Digesta | Spain o 280 [ Powder or Conventio
crystallizatio inoducedinto a crystallization unit and converted to aon plant ycle te from little salid
nofnittogen | struvite Imagnesium ammonium phosphate) taking capacity pig patticles
et advantage of its nutrient content. This procedure allows to (2,000,00 manure
phospherus | recover, joirtly, the phospharus contsined inthe digestats Oifor 650
in the farm of | (an undenisbly scarce component) and nitogen, inthe Hyaf
magnesium | form of  sompound with fertilizing properies that oan be struie)
ammonium | usedin agriculure. T
phosphate
henahudrate
22
Digestate of Smal-Farm | Faim scale AD s characterized by the use of on-faim 5000 Trod  10-20kW, Digesta Inagra  Cattle 654 391 14 4.33 453
catlle slumy | scale residues to produce on-fam energy, The fermentation | tonnesyear. 150,000 - ool (ving | shuny kahon kahon kghon
snasrobic | process tzkes place in 3 large reactorinthe sheence of 200.0001 cattle | lab)
digestion oxygen. During fermentstion, arganic matter iz corwerted 20-30kw: slurry
inte biogas. The biogas mainly consising out of methans] 200,000 -
is subsequently burned in 3 combined he st snd power unit 300.0001
[CHPF) and results in a renew able energy source in the form 30-40
ot heat and electiicity. The fermented biomass is called 200.000 -
digestate and can be used onthe farm as organic fenilizer, 350.0001
2
Digestate of Smal-Farm | Famscale A0 s characteized by the use of on-faim Tl  10-Z0kWw, Digeste Inagra  Pig Eielgium 15.03 a.60 760 575 10.53
pigshuny  scale residues to produce on-farm energy., |t has 3 masimalinput| tonneshuear. 150,000 - tolpig (ving sl kahon kghon kghon v
anasrobic  of 5000 200.0001 sy 1ab] Pig
digestion  tennesiesr. 20-30 kit manre
200.000 -
300.0001
30-40
200.000 -
o 350.0001
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e crude material into safe and high quality capacity ology producti producti status 1t v e v ity % mare ility e applicati referen cenified © s
fentilsing fertilizing products linclude link) status oncost oncost [region materi er¥ estima liquidip on ce tconven performan
product (TALY altnatio al te Orga elletized method! tional  ceof
nallEU Tonne N N Ammo nic Isolidlgr methods fertliser
s organi inorga nium  Niuat Nitrite carbo anulardp for best (include
1 iom M3 €% nicx ¥ ex = Px P:0s Kx K:0 Sx S50: nx pH . N P
Hrecouery  Chemical | The Swel system sutomatically defines andlowers the 00000 mawpr | 3 Z00.0001 2000017 THE,  Tuima Pig  Denmar
sddition | pH of the shurr. It uses sulphuric scidto lower the pH, 35 system - 138 e s n sy k
Ammanium thisis 1004 erviormentally balanced praduct systems
and the most concentrated and effective acidta lower the
pH. The smmoria is thus tramsformed to
ammonium and readily available tothe plants after
application. when the slury penetrates the sail.
25
Vegeta
ble oil
waste
with pig
2 manure
Digestate  Two-phase  WALUWOIL technology demenstrates the visblity of the S0 3 Tutrima Spain (A 0.2 i3 powder ar Coneentia
snaerabic | improved anserhic digestion pracess for biofuel n firle sail nal
digestion | production andthe potentisl uses of the organic by- panticles
products o stimulating plant grow th and a2 compost for
improving seils
2
Erviched  Withmi The installed stipping prottupe recovered 80 % of the 1ud & Enriche Mutrima digestat Spain 0 4z av pellzt Conventio
compost  fertilizer rittgen Fram the liquid fraction of 4 n & o pig nal
biclogical  the pig manure. oompos manure
an t .
stipping chicken
process manure
from
poultry
28 Arm.
HH3- Fhysic- | Solid iquid separation: The input manure is separatedina 50,000, E] Mineral- Mutrima pig 3 [ [ Liquid Conventio Currently
water!Serb chemical flztation unit and in & belt fiter prezz which rezultz in 2 125.000, and n manure nal man 170 ka
berwster  nirogen liquid and = solid fraction of 3002 dry matter (OM]. The zolid 250,000 Potaszi B Mihs 32
recovery | fractionis diied on a belt dryer to 3057 OM. Fleverse tontyesr um- digestar fivestack
from osmasis; The liquid fraction (1,772 OM) goes o a reverse concen e manure
manure, osmosis (RO] process where a retentate cancentrated- tate, (230-250
digestate | MIK20 product (3,43 DM) and a permeate are produced, NH3- kg Miha for
evaparator with mechanical vapour recompression. water, derogation
wastew sters | Heating the liquid in the evaporator causes waterta Ammeni farms in hL)
B evaparate. & vacuum lowers the boiling peint, less energy um
solidliquid | is needed than when svaporating at normal stmospheric sulphat
separation, | pressure. The smmoniainthe incoming liquid i removed o
reverse fram the product ow by stripping and concentrated into Clesn
osmosis, | MH3-water (1432 N). The evaparator further produces a disehar
stipping patassium concentrate (253 OM) and an ammanium geable
sulphate solution by serubbing the vapour coming out of water
the evaporator. The condensate from the Evaporatar!
Strippenl Serubber (55 unit and the permeate from the
ROz eleansd in the RO water polisher
and the ion exchanger (AD-Eto achisve the right quslity
for discharge inta surface waters
2
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P il diti flectit [ P il Techn CAPEX OPEX Legal
covert crude material into safe and high capacity ology product product status
quality Fertilizing products linclude link] status ion cost ion cost [region
(TRL) alinatio
nallEU

DOutpu
3
materi
al

Proje Sourc Count Humi Dry Kg/tonne of DM Formlst Typeof LCA Organic Agrenomi Commen
ct - ™y dity > matt ate applicati referen certifie ¢ ts
er¥ estim tp on ce diconve performan
ate N Orga elletized method! ntional ce of
Tonne N inorg  Ammo nic Isolidlgr methods
s organ anic  nium il carb anularlp for best linclude
nation N% e = %z ex % P Pz:0s Kx Kz:0 5% S03: on*X pH gwder i linkl
8%

30

3l

a2

Ammonium | digestate by

suphate  Biogas
Eree"
process

-RO Mictofiltratic
CONCENtIate  nand reverse
- 5F of asmosis, ion
digestate  evchangs,
~LowF 5ol RePeat
imprauer system

Frecipitated
P zalt

-Evaporstar Evaparation,
concentrate  reverse

- Dried SF of  osmasiz
digestate

The digestate coming from the manure-input ine = submitted 3
t0 & diying prowess (with heat from a bingas fueled CHP) more
particularly a belt dryer (Dorset) [oi

: ilaco. i
echnische-fiche-banddroger-10- 16 pdf). The end product is
dried digestate. Throughout 20132020 a new dryer, type
fluidised bed dier wil be installed for greater capavity (35
Rt o 32000 tan liquid Fractiondy)
P ulato betsi i
hnische-fiok

10142016 p).
The exhaust air is saturated with ammonia which s being
Gaptured by 2 chemival air sorubber. In 3 shemisal soiubber,
acid is added to the washing water to remove the smmonia
and & part of the adour compounds fom the erhaust air
Wiater, acidified with sulphuric acid (38 3¢ or 98 %), Hows
Gontinuously over the filter pack.age. This humidifies the fiter
The acidic: washing water reacts with the ammania in the air. &
salk [ammonium sulphate] is Formed. T

The MR process sansist of teo independent AR systems. | Feedstack Availabl
Inthe GEMIUS system, digestate s first separated into 3 solid | quantity= 115 kiy-1 & anthe
[SF) and a liquid fraction [LF] of digestate by a decanter market
centrifuge. The SF of digestate is subsequently processad by (TFL3)
the FeFeat system, The RePeat system separates the P from

the organic matter thiough leacking with water and sulphuric

acid. Two sequential leaching steps remawe in total 70-30% of

the F present in the ingoing digestate, thereby producing alow-

P sailimprover. The dissolved P subsequently precipitates

through addition of lime (C3(0H)2) of magnesium hydrovide

[Ma[OH)2]. thereby

producing precipitated P sals. Part of the sulphate, which was

added a5 sulphuris 3cid, precipitates with calcium a5 gupsum.

The gypsum partly ends up in precipitated F salts and partlyin 2

separated organic QupsumHich shidge which can be used a5

fertiizer. "Water is continuously reused within the process,

thereby preventing the creation of 3 waste stream. The LF of

digestate is Further provessed by the rest of the GERILS

system:  secand decanter centrifuge, a misrafiltation [MF)

unit, twa RO units placed in series and ion exchangers. The

fallowing end products are thereby prodused: RO concentrate,

tich in M and potassium (K],

purified water and 3 blend of the SF of the secand decanter

centrifuge and MF cancentrate

The decanter centrifuge. with addition of polymet flocculant b | Feedstack Availabl
improe separation, separates the digestate in an SF andan | quantity= 134 kty- & anthe
LF of digestate, 2 market
+ Ais i the previous provess, the SF of digestate (25-305 DM (TFL3)
i dried up o 80-805% DM,

+ The LF of digestate [3.5-4.55 OM) Aows into an seidification

tank where addition of sulphuric s6id lowers the pH to B5-7 1o

preuent ammonia losses in the Subsequent ey sporation step.

Compared to the previous NRR system, the amount of

polymer fceulant nesded decre szed from B3 to 38 tannes

pe year.

+ The wapour produced by the VaCUUM ewaparatar, Containing

<01 mineral M, is condensed 10 Form sondensed water

Curmently, the condensed water is reused to 2.0, dile the

digester feedstock, make the polymer Hocculant saiution or

clean the ewaparator plates. In the future, the Fil unit (57 ki)

will proce s it into dissharge able purifisd water.

+ The euaporator oncentrate, which has 3 DM content » 103,

will be blendzd with the dried SF of digestate into an organic

M Fertiliser and applisd on agricultural land. Each of the two

evaporatar units require sbout 381 ke and 1500 kidth, which is

a It mare than the DAF unit did require.

Hutima | mizof | Belgiom B Liquid, Tow Input,
n manure, transparent Bonventio

orgaric nal

wastes

[okr

Ylarema

[Flander

=] and

positive

list oD

Bl

andfor

eneigy

maize

Systemi Fig  Mletherla 37,91, (RS 05, 4. 15,19 14, 242, Al
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From April 2006 onwards, the plant has operated as follows
[Figure 3]

* Feedstock [organic wastelis collected in basins located
in 2 closed building to prevent the release of odour, 4
binfilter placed on the roof of the building purifies the
erhausted si

* The organic waste s thenheated and mived with
digestate from the third digester;

* The mired feedstock then undergoes thermophilic AD
[mirimum retention time of 20 days at atemperature of 55
“Clwhich ensures hygienisation of the ingoing sewage
shudge;

= The system of digesters is equipped with a side-stream M-
stripper, inwhich NH3 iz stripped from the stipping agent,
biogas. This is done by leading biogas thraugh 505
sulphuric scid resulting in 3n ammonium sulphate solution,
+ Far the previous sbsorprion urit biogas was used as
stipping agent, For the new Mserubber, biogas has been
replaced by s, Morecver, the novel N-absorber i made of
the high-performance material Alloy 525, which allows
higher process temperatures.

- The novel absorber design ensbles 5 higher gas flow
tate, thereby increasing the recouvery of HHA-K from the
digestae entering the M-stripper to up ta 357 Wit the
previous absorption unit an MH4-M recovery of just about
2024 was achieved.

- Both the digestate and the ammenium sulphate solution
are stored in clase tanks,

Afer storage inthe post-digesters, the digestare is
separated by the first sorew press in a liquid fraction [LF)
and solid fraction [SF) which both are applied on
sgriculuralland. & second wau of processing s 2lso
possible: in an internal recirculation loop., digestate is fed
to the FiberPlus system for remaual of MH3 (detailed
dezaription below]. Inthis sustem, MH3 and carban dioxide
are brought into contact with gupsUm resulting in
ammorium sulphate solution snd calsium carbonate
shudge [Figure 2). The produced M-stipped digestate is
separatedinto an SF and LF, the latter is fed back to the
digester. The SF is further processed in 2 fibre moulding
=nd papermaking machine. The resulting produst is dried,
with excess heat fram the CHP instalation taremoue
residusl moisture, tathe end praduct low-Nfibres. The
fibres are suitable for ditferent applications sush 25
production of paper. mulch mats or plant pots.
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