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Executive Summary  
 
 

The present deliverable 'D1.1 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: 

• Biological by-products including i) Agricultural by-products (straw, green maize, grass, 

waste water) and animal by-products (bones, blood, and manure): in Ireland 

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

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

• Animal manures and digestate: in Flanders 

• Municipal biodegradable waste streams (sewage sludge) and digestate and animal 

manure: in Poland 

• 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. 
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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.).  

 

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. 

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

Information on technologies and products were gathered from Technology Readiness Level 

(TRL) of 5 and above.  

Figure 2 T1.1 Novafert methodology 
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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 

Andalucía Biozul, SL 

Finland Luonnonvarakeskus  

Poland Instytut Gospodarki surowcami mineralnymi I 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, Andalucía & 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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The next section 3. Results & Discussion, summarises 47 technologies and 86 products 

compiled throughout the data collection in task 1.1.  

 

 

 

 

 

 

 

 

 

 

 

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

 

 

 

 

 

 

 

 

 

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. 

5

9

15

18

0 5 10 15 20

P precipitation

Thermochemical nutrient recovery

Physical-chemical nitrogen recovery

Biological nutrient recovery

Number of technologies

Available nutrient recovery technologies across 
Europe

Figure 4. Available nutrient recovery technologies in Europe 
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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.  

 

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 

2

2
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7
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P precipitation

Thermochemical nutrient recovery
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Biological nutrient recovery
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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, K and 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 Nutrients1 

Nutrients 

()2 

Type Other 

characteristics 

Drying, mixing, 

pelletizing and 

granulation 

(Side streams 

that have to be 

treated 

according to the 

(EY) N:o 

1069/2009 and 

(EU) 142/2011 

are treated in 

the dryer, 

possible other 

raw materials 

are added and 

the mix is 

pelletised and 

granulated) 

 

 

 

Finland  

 

9 

 

Chicken 

manure, 

seaweed, 

potato 

starch 

Biolan Ravinnepuikko N, P, K, S Granulated High DM%  

Horse 

manure, 

feather 

meal, 

potassium 

sulphate 

Biolan 

Hevonkakkalannoite 

N, P, K Granulated 

 

High DM%  

Feather 

meal, meat 

and bone 

meal, 

potassium 

sulphate, 

vinasse 

powder 

Biolan Havu- ja 

rodolannoite 

N, P & K Powder 

 

High DM% 

Chicken 

manure, 

seaweed 

 

Biolan Kanankakka N, P & K Granulated 

 

High DM%  

Biolan 

Luonnonlannoite 

N, P & K Granulated High DM%  

Meat and 

bone meal, 

potassium 

sulphate, 

kieserite, 

blood meal, 

seaweed 

 

Biolan 

Parvekekasvilannoite 

K & S (N 

& P) 

Powder 

 

High DM%  

Biolan Tomaatti- ja 

vihanneslannoite 

K & S (N 

& P) 

Powder High DM% 

Meat and 

bone meal, 

blood meal, 

Biolan Yrtti- ja 

taimilannoite 

N & K (P 

& S) 

Powder High DM% 
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potassium 

sulphate 

Chicken 

manure, 

potassium 

sulphate 

 

Biolan 

Kasvimaalannoite 

K (N, P & 

S) 

Granulated High DM% 

Biolan Peruna- ja 

juureslannoite 

K (N, P & 

S) 

Granulated High DM% 

Chicken 

manure, 

apatite, 

feather 

meal, 

potassium 

sulphate 

 

Biolan Marja- ja 

hedelmälannoite 

K (N, P & 

S) 

Granulated High DM% 

Chicken 

manure, 

blood meal, 

potassium 

sulphate 

Arvo 11-1-2-1 

 

 

N (P,K & 

S) 

Granulated High DM% 

Arvo 8-1-5-2 N & K (P 

&S) 

Granulated High DM% 

 Chicken 

manure, 

potassium 

sulphate 

Arvo 3-1-7-3 K (N, P & 

S) 

Granulated High DM% 

Arvo 3-1-15-5 K (N, P & 

S) 

Granulated High DM% 

  Arvo 4-1-6-2 N & K (P 

& S) 

Granulated High DM% 

Chicken 

manure 

Arvo 4-1-3-1 N & K (P 

& S) 

Granulated High DM% 

Chicken 

manure, 

blood meal 

Arvo 8-1-2-1 N   

Gas scrubber ( In 

the production 

of the fertiliser, 

the ammonia 

gas released 

during  

composting has 

been used by 

turning it into a 

liquid form with 

the help of lactic 

acid)  

Finland 9 Ammonia 

from 

chicken 

manure 

composting, 

lactic acid, 

potassium 

sulphate, 

water 

potassium 

sorbate 

Novarbo Aino 3-0-3 N & K Liquid Suitable for 

use in organic 

production. 

 

 

 

 

 

 

 Novarbo Aino 1-0-3 N & K Liquid  

 Novarbo Aino 5-0-0 N Liquid  

Ammonia 

from 

chicken 

manure 

composting, 

lactic acid, 

water, 

Biolan Ravinneneste N, K & S Liquid  
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potassium 

sulphate, 

potassium 

sorbate, 

seaweed 

Precipitation of 

P by cations 

Ireland 6 Wastewater 

from dairy 

processing 

plant 

Dissolved air flotation 

sludge 

P Semi-desiccated 

material 

 

 Activated sludge N & P Semi-desiccated 

material 

 

Mechanical 

separation  

Ireland 6 Cattle 

manure 

Liquid and solid 

fraction of cattle 

manure 

K (N, P & 

S) 

Liquid and solid  

Composting Ireland  6 Chopped 

wheaten 

straw, 

poultry 

manure, 

horse 

manure & 

gypsum 

Spent mushroom 

compost 

K (N & P) Fine/crumbly mass 

material 

 

Finland 9 Household 

bio-waste 

Bio compost N, P , K & 

S 

Solid  

Small scale 

layers unit 

Ireland 5 Manure Poultry manure N, P, K & S Fine crumbly bulk 

material 

 

Drying, heating, 

cooling, 

pelletising, 

sieving and 

bagging 

Ireland 9 Broiler 

manure, 

seaweed, 

Bone meal 

& blood 

meal 

Dynamo N, P, K (S) Pelleted High DM% 

PK plus P & K (N 

& S) 

Pelleted High DM% 

Anaerobic 

digestion 

Ireland 9 Organic 

material & 

agricultural 

by-products 

from all 

sectors 

Digestate & 

sometimes refined 

further into forms 

such as ammonium 

sulphate pellets 

N, P & K Semi desiccated 

material & often 

further refined into 

granules/pellets/liquid 

 

Grass bio-

refinery 

Ireland 6 Grass Grass whey N, P & K liquid Comparable to 

cattle slurry 

Drying & 

granulating 

Ireland N/A Industrial 

waste water 

Pellets N & S Pelleted  

Ostara’s Pearl 

phosphorus 

recovery 

Ireland 7 Urban 

waste water 

Struvite P Struvite  

Pyrolysis Ireland  6 Rushes, 

bracken, 

hazel, furze 

Biochar N/A Charcoal like substance  Can be added 

to other 

biomass such 

as manure, 

crop residues 

to improve the 

soils carbon 

store 
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Key:  

Nutrients1  - 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. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ash2Phos 

process 

Sweden 8 N/A Sewage sludge N/A Granulated Can also be 

used for 

animal feed 
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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. 

  

 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 

1
1

6

6

Technologies in Southern Europe

P precipitation

Thermochemical nutrient recovery

Physical-chemical nitrogen recovery

Biological nutrient recovery

Figure 8. Types of technologies in Southern Europe 

3

2

1

1
12

Products in Southern Europe

Scrubber solution & mineral
concentrates
Bio-stimulants

Struvite

Ash

Digestate, compost & other biomass

Figure 9. Types of products in Southern Europe 
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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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Table 3 Technologies & products in Southern Europe 

Technology Country TRL Sources Fertilising 

product 

Nutrients1 

Nutrients 

()2 

Type Other 

characteristics 

Anaerobic digestion Croatia 9 Digestate Organic-

mineral 

P & K Pelletised  

Sequencing batch 

reactor (SBR) + 

nutrients recovery 

module 

Spain (Andalusia 

region, Salteras 

municipality) 

9 Wastewater 

from the 

slaughtering 

industry 

Enriched 

reclaimed 

water 

N Liquid  

Fermentation 

process using 

Bacillus sp. 

AlgaeBioGas (ABG) 

technology, 

(validated in the 

frame of Eco-

innovation pilot and 

market replication 

project AlgaeBioGas 

Spain (Andalusia 

region, Salteras 

municipality) 

6 Sludge by-

product 

resulting from 

wastewater 

treatment (via 

an SBR) from 

the  

slaughtering 

industry 

Bio stimulant 

based on 

hydrolysed 

sludge 

N Liquid  

Bio stimulant 

based on 

algal 

biomass 

N   

Waste water 

treatment 

Spain (Andalusia 

region, Algarrobo 

municipality) 

6 Urban waste 

water 

Enriched 

reclaimed 

water 

N, P & K Liquid  

Different 

technologies for N & 

P recovery are 

integrated in the 

existing Murcia Este 

WWTP. 

Spain (Murcia 

region - borders 

Andalusia to the 

East - , Murcia 

municipality) 

6 Urban waste 

water 

Struvite, 

ammonium 

nitrate and 

sludge 

N & P Liquid & 

granular 

N recovery up 

to 11% and P 

recovery up to 

42% of input 

material 

Wastewater-based 

algae bio-refinery 

(WWAB).  

 

Spain (Andalusia 

region, Almeria 

municipality) 

5 Wastewater 

(sewage, 

centrate and 

pig manure) + 

marine water 

Microalgae 

hydrolysate 

N/A N/A  

Wastewater is 

treated by a 3000 m2 

High Rate Algae 

Pond (HRAP) system. 

Spain (Andalusia 

region, Almeria 

municipality) 

6 Urban 

wastewater 

N/A P N/A  

Thermal pre-

treatment and 

anaerobic co-

digestion 

Spain (Andalusia 

region, Almeria 

municipality) 

6 Urban 

wastewater 

N/A N/A   

Bio drying Spain Pilot Solid pig 

slurry fraction 

Bio dried 

solid fraction 

K & S Solid  

Poultry 

manure 

Bio dried 

solid fraction 

N Solid  

Spain 

(Mediterranean 

case study) 

Pilot Solid fraction 

of fish sludge 

from RAS 

Bio dried 

solid fraction 

N & P Solid  
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Key:  

Nutrients 1 - 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.  

 

 

 

 

 

 Spain (Fresh 

aquaculture case 

study) 

Pilot Solid fraction 

of fish sludge 

collected in 

WWTP in fish 

transformation 

industry 

Bio dried 

solid fraction 

N Solid  

Membrane systems 

(Microfiltration 

coupled to Reverse 

Osmosis and freeze 

concentration) 

Spain Pilot Liquid fraction 

of pig slurry 

Nutrient-rich 

concentrate 

N, P & K Liquid  

Spain 

(Mediterranean 

case study) 

Bench/lab Liquid fraction 

of Fish sludge 

from RAS 

Nutrient-rich 

concentrate 

N/A Liquid Low 

concentrations 

of nutrients 

Combustion Spain Pilot Pig slurry, bio 

dried solid 

fraction 

Ash P & K Fine milled  

Membrane 

contractor 

Spain Pilot Pig slurry, 

solid fraction 

Ammonium 

salts 

N N/A  

ACEA pinerolese Italy 9 Green waste 

and digested 

mixed waste 

Compost N, P & K Granulated  

Biociclo Italy 9 Green waste 

and food 

waste 

Compost N, P & K Granulated  
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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. 

 

 

 

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.  

2

2

1
1

6

Products in Eastern Europe

Biochar

Mineral concentrates

Struvite

Ash

Digestate, compost & other biomass

1

4
3

2

Technologies in Eastern Europe

P precipitation

Thermochemical nutrient recovery

Physical-chemical nitrogen recovery

Biological nutrient recovery

Figure 9. Types of technologies in Eastern Europe Figure 10 . Types of products in Eastern Europe 
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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 Nutrients1 

Nutrients()2 

 

Type Other 

characteristics 

PolFerAsh - Polish 

Fertilizers form Ash 

Poland 9 Industrial 

sewage 

sludge 

Monoammonium 

phosphate (MAP) 

N & P Pulp, solid, 

material 

pH 5 

Stage I 

A technology for the 

production of 

potassium sulfate 

(IV) was developed 

Stage II 

Potassium 

thiosulfate was 

produced from 

potassium (IV) 

sulfate and sulphur 

from the Claus 

desulfurization 

process. 

Poland 9 Sulphur 

dioxide from 

the 

installation for 

the 

production of 

sulphuric acid 

Potassium 

thiosulfate 

K Liquid  

FuelCAl® Poland 9 Sewage 

sludge,  

biodegradable 

waste, 

selected 

animal by-

products 

Organo-mineral 

fertilizer OrCal® 

N, P & K Powder pH 12.6 

suitable for 

acidic soil 
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Composting and air 

drying 

Poland 9 Chicken 

manure 

BIOPOWER - 

organic fertiliser 

P & K Granulated  

ROLPOWER - 

organic fertiliser 

P & K Granulated  

Wastewater 

Treatment 

Poland 9 Sewage 

sludge 

Granbial - organic 

fertiliser 

N & K Granulated  

Bioral technology Poland  9 Sewage 

sludge, ashes 

from biomass 

combustion 

BIOROL Natural 

Fertiliser 

P & K Granulated  

Manure heating-

dispersing 

technology 

Poland  9 Cattle manure AGROLINIJA-S Low 

concentrations 

of N, P & K 

Liquid  

Incineration Poland N/A Ashes from 

incinerated 

dried sludge 

from sewage 

treatment 

plants and 

products 

resulting from 

the 

processing of 

bones and 

fish bones 

N/A P Ash High source of 

P 

N/A Poland N/A Sewage 

sludge 

Fertiliser from 

sewage sludge with 

the addition of 

dusty mineral 

materials 

N/A Granulated  

Pyrolysis  Hungary 8 Food grade 

animal bone 

Bio-phosphate N/A Granulated High source of 

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 1 - 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. 
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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. 

 

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 

1

2

4

3

Technolgies in Western Europe

P precipitation

Thermochemical nutrient recovery

Physical-chemical nitrogen recovery

Biological nutrient recovery
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5
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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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Table 5 Technologies & products in Western Europe 

Technology Country TRL Sources Fertilising 

product 

Nutrients1 

Nutrients()2 

 

Type Other 

characteristics 

Stripping & 

scrubbing 

Netherlands Pilot Digested 

cattle slurry 

Ammonium 

sulphate solution 

N & S Liquid  

Potassium fertiliser K Liquid  

Belgium Pilot Liquid 

fraction of pig 

slurry  

Ammonium nitrate N Liquid  

France Pilot Pig manure Ammonium 

sulphate 

N & S Liquid  

France Pilot Exhaust pig 

slurry (pig 

slurry after N 

stripping) 

K fertiliser K Liquid  

Netherlands 9 Digestate, 

liquid 

fraction, pre-

treated 

manure 

Ammonium 

nitrate/sulphate 

K Liquid  

Belgium 9 Digestate or 

manure 

slurries 

Ammonium 

sulphate 

N & S Liquid  

On-farm scrubbing Belgium 9 Pig manure Ammonium 

sulphate 

(recovered from 

NH3 emissions) 

N N/A  

P precipitation Netherlands Pilot Digested 

cattle slurry 

Wet organic 

phosphorus rich 

fertiliser 

P Liquid  

Pyrolysis France Pilot Poultry 

manure 

Biochar K Fine dry 

material 

High DM% 

Solid fraction 

of digestate 

Biochar K Fine dry 

material 

High DM% 

Separation Belgium 7 Liquid 

fraction of 

digestate 

N/A N/A Liquid pH of 7.5 – 8.5 

Thermochemical 

nutrient recovery 

Netherlands 9 Poultry 

manure 

Ash P, K & S Ash  

Composting Netherlands 9 Mix of 

composted 

poultry 

manure and 

composted 

pig manure 

Organic fertiliser 

+2:2 

P Semi-

desiccated 

material 
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Key:  

Nutrients 1 - 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. 

 

 

France N/A Cattle manure 

(local 

composting 

process under 

aerobic 

conditions) 

Compost N, P & K N/A  

Physical chemical 

nitrogen recovery 

(VeDoWS adapted 

stable construction 

system) 

Belgium 9 Raw pig 

manure 

Urine from pig 

manure 

K Liquid  

Reverse osmosis, 

evaporation 

Netherlands 9 Raw pig 

manure 

Mineral nitrogen 

concentrates 

N Liquid  

Belgium 9 Bio-waste 

from agro 

food 

industry 

Evaporator 

concentrate, dried 

solid fraction of 

digestate 

N, P & K Solid  

Farm scale anaerobic 

digestion 

Belgium 7-9 Cattle slurry Digestate K (N & P) Semi 

desiccated 

product 

 

Pig slurry Digestate N, P & K Semi 

desiccated 

product 
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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.  

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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Figure 13 Most common feedstock’s available in Europe 
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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 
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Annex 2 – Raw data from technology & product template Southern Europe 
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Annex 3 – Raw data from technology & product template Eastern Europe 
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Annex 4 – Raw data from technology & product template Western Europe 
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