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4.1 Final publishable summary report 

 

4.1.1 Executive summary 

The P-REX project built on the outputs of previous European research projects and performed the 

first holistic large scale evaluation of innovative and available phosphorus recovery technologies 

using municipal sewage sludge or ashes from mono-incineration in comparison with traditional 

phosphorus recycling by land application of sewage sludge. The technical, operational and economic 

data as well as comprehensive eco-toxicological and plant-availability assessments provided the 

basis of comprehensive life cycle assessment and life cycle costing of phosphorus recovery processes 

and the agricultural valorisation route of the recovered materials. Complementing a market analysis, 

a policy brief and guidance document for policy makers and end-users shows suitable phosphorus 

recovery and recycling options with regards to regional conditions (structural and legislative) and 

illustrates selected case studies. Since recovery alone is pointless without subsequent valorisation of 

the material, it is very important to know the demand side perspective. Only technologies providing 

marketable raw materials or final products will have a chance for market penetration and replication. 

Technology alone is no solution, we have to learn to see them embedded in whole value chains or 

even in value cycles, once we have adapted our exhaustive linear economy into a sustainable and 

therefore well-balanced circular economy. 

The project closed important knowledge gaps that had been identified over the past years and 

addressed important issues to crucial for the market bridging the gap between recovery (supply) and 

recycling (demand). It used a practice oriented methodology to paint a broad picture of all relevant 

aspects of technologies and options for the sustainable use of phosphorus today, thus enabling 

informed decisions and accelerating the transition to a circular economy of phosphorus without the 

reinvention of the wheel. It will help to improve the food security not only in Europe, but also for a 

growing world’s population. It clearly addresses what can already be done and what has to be done 

to enable a circular economy for nutrients in Europe. Think forward, act circular! 

 

4.1.2 Summary description of project context and objectives 

The Challenge 

Phosphorus is one essential element of life, which can neither be produced synthetically nor 

substituted by any other substance. Its importance as plant nutrient is emphasized by the huge 

amount more than one million tons of mineral phosphorus annually imported into Europe to sustain 

good harvests. While phosphorus is a limited fossil element, its extensive recovery from “secondary 

renewable sources” is of paramount importance and follows the principles of the European Roadmap 

for Resource Efficiency and the current developments towards circular economy. Municipal 

wastewater represents a relevant phosphorus reserve and has the potential to cover about 20% of the 

demand in Europe.  

Traditional recycling of around 40% of this potential is practiced by application of sewage sludge in 

agriculture. But this recycling route is questioned in many countries. It has to be further secured to 

protect the environment and human health. Transparency and fact based measures will play a key 

role to generate consumer confidence. Technical phosphorus recovery and recycling can complement 

it, thus answering remaining obstacles caused by sludge quality and nutrient logistics. Technology 
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concepts have been developed in recent European projects to tap into this domestic resource. 

 

Figure 1: Hot spots for P- recovery/recycling from municipal wastewater. 

Project Objectives 

For the implementation to market, new technologies need to be proven technically and economically 

feasible and suitable within whole value chains. The objective of P-REX was to document and 

describe all relevant aspects of the alternative technologies and options that exist for recovery and 

recycling from wastewater, thus enabling informed decisions and accelerating the transition to a 

circular economy of phosphorus without the reinvention of the wheel and creation of parallel 

universes. 

Methodology 

The P-REX project built on the outputs of previous European research projects and performed the 

first holistic large scale evaluation of innovative and available phosphorus recovery technologies 

using municipal sewage sludge or ashes from mono-incineration in comparison with traditional 

phosphorus recycling by land application of sewage sludge. The technical, operational and economic 

data as well as comprehensive eco-toxicological and plant-availability assessments provided the 

basis of comprehensive life cycle assessment and life cycle costing of phosphorus recovery 

processes. Complementing a market analysis, a guidance document for policy makers and end-users 

shows suitable phosphorus recovery and recycling options with regards to regional conditions 

(structural and legislative) and illustrates selected case studies. 

Within the project structure, the first two work areas were dedicated to the assessment of technical 

options for phosphorus recovery from sewage sludge ash and the aqueous and solid phase of sewage 

sludge. The third work area elaborated solutions to minimize the sludge toxicity and was about to 

define and validate bio-test based monitoring routines to make the valorisation of biosolids on arable 

land as safe as possible for human health and the environment. Based on the data and results from 
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these work areas, the quality of the obtained nutrient concentrates and their suitability as fertilizer 

was assessed in work area 4 by pot experiments, bio-tests and chemical analyses. 

Figure 2: The three pillars of phosphorus recycling from the wastewater stream 

Supported by Risk Assessment, LCA (Life Cycle Assessment) and LCC (Life Cycle Costing), the 

technical solutions were compared with the traditional valorisation of sludge on arable land as well, 

as with the application of mineral fertilizers manufactured from imported fossil phosphate rock. 

In parallel, work area 5 was dedicated to the analysis of market barriers, legal framework and 

specific regional conditions with respect to the implementation of wide-spread phosphorus recycling. 

A thorough analysis of past business models for recovery and the current fertilizer infrastructure and 

market provided valuable insights for potential recyclers and a solid foundation for the policy brief. 

Flanked by stakeholder workshops, regional strategies and recommendations were developed and 

published. The eMarket for recovered nutrients, implemented in the website of the European 

Sustainable Phosphorus Platform (http://e-market.phosphorusplatform.eu/) is about to facilitate 

match making and to bridge the gap between supply (recovery) and demand (recycling) of and for 

recovered nutrients from liquid and solid wastes. The highly recognised P-REX policy brief and the 

integral guidance document summarize the major outcomes of the project and are intended to trigger 

and support decision makers in paving the road for Europe’s circular economy.  

The overall objectives of the project can be distinguished into three categories and are: 

 

1. Processes: Demonstration and validation of the performance of available technologies for 

phosphorus recovery from the wastewater stream. It includes also the identification of 

technical conditions along the sewage sludge treatment-recovery path that are favourable for 

phosphorus recovery. 

2. Concepts: Defining strategies for wide-spread phosphorus recovery from municipal 

wastewater, considering regional conditions (rural vs. urban areas, local agriculture, sewage 

sludge treatment-recovery-recycling path etc.) and the agricultural, environmental and 

economic performance of the technologies applied. 

3. Market: The quantification of the market potential and identification of technical, 

economical and institutional barriers to the market and provision of recommendations for 

market development. 
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Whereas the processes are dealt with in the work areas 1-3, in work area 4 the results of the previous 

work areas are collected, analysed and finally validated. Work area 5 was dedicated to the analyses 

of market potentials and barriers in different European regions and to develop implementation 

strategies towards wide-spread and sustainable phosphorus recovery from municipal wastewater.  

 

Figure 3: P-REX project structure 

 

WA1 Objectives 

 First large scale technical assessments of the technologies SUSAN (better known as Ash 

Dec), Mephrec and LeachPhos with at least 80% P-recovery based on P-input of WWTP 

WA2 Objectives 

 Comparative field assessment of crystallization technologies: 10-30% P-recovery compared 

to P-input in WWTP for sludge based processes, 30-50% P-recovery for sludge liquor 

processes and 50-70% P-recovery for processes with acidic leaching. 

 Return on experience of industrial scale units including complete characterization of product 

quality and recommendations for optimization. 

 Comparative review of crystallization processes and identification and recommendation of 

best local framework for implementation 

WA3 Objectives 

 Full-scale application of green polymers compared to chemical polymers.  

 Validation of suitable, reliable and affordable biological tests for efficient sludge monitoring. 

 Proposals for efficient sludge monitoring 

WA4 Objectives 

 Assessment of toxicity and plant availability of secondary P-products: identification of Best 

Available Technique (BAT) leading to fertilizer with lowest toxicity potential and greatest 

availability rate of phosphorus. 

 Comparative, technology-specific Life Cycle Assessment (LCA) of recovery paths for 

quantification of real environmental impacts of the technologies 

 Risk assessment for the application recovered materials in agriculture in comparison with 

fossil based fertilisers and sewage sludge 
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 Methodology documentation including relevant information to enable comparability of LCA 

also done in future assessments 

WA5 Objectives 

 Analysis and proactive development of market potential for P-recycling products: offer / 

demand analysis and web-based eMarket 

 Identification of regulatory and societal barriers: recommendations to European and national 

regulators 

 Business model case study and recommendations: pre-normative study sales price vs. product 

quality 

 Methodology and preparation of case-studies for Europe-wide implementation: Regional 

Masterplans towards 80% P-recovery 

WA6 Objectives 

 Identification of an patentable innovation and encouragement of partners to protect and 

exploit know-how 

 Facilitate dissemination to the European community and market countries in liaison with 

related initiatives 

 Rising public and expert awareness for the project and the topic of P-recycling 

 Ensure optimal administrative and scientific coordination between partners to ensure that the 

objectives will be met 

 Ensure quality and timely of technical and financial reporting with the EC 

 

4.1.3 Description of main S&T results/foregrounds 

 

As one of the key results of the project, the proof of feasibility of novel technical options for 

phosphorus recovery and recycling from the wastewater stream are given and factors for market 

success or failure were assessed. Based on solid data mainly derived from running facilities, the first 

real life comparison of various processes and their recovery products enabled the identification of 

best suitable solutions for phosphorus recovery from the wastewater stream with respect to specific 

regional conditions set by existing infrastructure and legal framework. For all assessed technologies, 

hard cases were analysed and in most cases, secondary P material has been produced to be 

representative for the technologies. In work area 1 the ash based technologies AshDec, MephRec and 

LeachPhos have been evaluated. To provide a more grounded picture, the very promising and 

therefore relevant Ecophos process has been invited to be assessed as well. Also the fertilizer 

industry as possible route for premium quality ashes has to be considered relevant. 

The AshDec approach has been optimized within the project to yield a recovery material (calcined) 

suitable as raw material for fertiliser production. A patent has been submitted accordingly. 

In work area 2, the recovery from wet sludge has been in focus, being directly operated at WWTPs. 

Here the maturity of recovery technologies, especially the ones crystallizing struvite is highest and 

roll-out has already been started. A new design has been piloted by Veolia demonstrating their 

struvite recovery system works and market penetration can be launched. So, the spectrum of struvite 

recovery technologies from the sludge water has been broadened. Here, the highest market potential 

can be predicted for the technology, providing operational benefits for the WWTP operator, meaning 
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reduced sludge quantities for disposal, improved dewaterability and lower polymer consumption and 

finally valid for all the reduced return load in the sludge liquor. 

Work area 3 was destined to work on the improvement and monitoring of sludge quality. So-called 

green polymers have been tested in lab-, pilot- and full-scale to substitute chemical polymers 

commonly used for sludge thickening and drying. Although the pre-trials were quite promising 

regarding at least partial substitution, the full-scale trials revealed the weakness of these renewable 

polymers, being the lack of shear-force stability especially relevant for the dewatering with 

centrifuges. For the monitoring, bio-tests have been selected. In combination with chemical target 

substance analyses, a more reliable sludge monitoring was intended. But, the bio-tests revealed to be 

very elaborate and costly and not sensitive for all relevant recyclates. Concluding a cost/benefit 

analysis, inclusion of these tests for frequent monitoring routines cannot be recommended. Since the 

toxicity results have been dependent on both, contamination and the materials solubility, which can 

lead to wrong conclusions by non-experts. At least the results from these tests provide valuable input 

for the upcoming definition of quality criteria for recovered nutrients to be covered by the revised 

fertiliser regulation EC 2003/2003. The biomonitor developed by LimCo can be seen as new 

exploitable foreground for soil monitoring. A new test protocol has been developed in project. 

The plant-availability tests conducted in work area 4 over two seasons clearly showed struvite being 

a very good fertilizer, whereas the ash based materials are rather likely to be used as heavy metal 

depleted and P concentrated raw materials for fertiliser production.   

The conducted risk assessment revealed that technical phosphorus recycling can provide an effective 

measure to reduce risks for the environment and human health by application of selected recyclates 

instead of sewage sludge. For the case of struvites crystallized from the liquid phase, the risks were 

even lower compared to fossil based mineral fertilisers. But the risk assessment revealed also, that 

atmospheric deposition is more relevant for exposition than the land application of mineral fertilizers 

and technical recyclates for the organic pollutants considered in fertilizer and sewage sludge 

regulation. Besides the usual suspects like for instance Uranium and Cadmium, also Copper and Zinc 

can pose risks due to their high quantities. Especially these results are valuable for the coming 

revision of the European fertilizer regulation within the circular economy package of the European 

Commission. 

Also the scope for secondary product valorisation was broadened, since not all recyclates are suitable 

for fertilizer application. Technical factsheets were prepared, summarizing reality based information 

relevant for future investors. The methodology for LCA has been discussed among stakeholders from 

science and industry with practical experience, e.g. at the 1st European Sustainable Phosphorus 

Conference (ESPC) in March 2013 in Brussels and can be seen as the most advanced and reality 

based approach developed and published so far. The LCA results clearly show, that depending on the 

whole system, there is a trade-off between recovery rate and energy efficiency to be coped with. 

Energy intensive stand-alone solutions are not favourable options.  

The same can be seen for the cost. Some struvite technologies provide direct benefits and are not 

dependent on product valorisation, whereas the chemical and thermal routes are more vulnerable in 

terms of sales prices for their recyclates. Since there is no one fits all solution, a healthy mix of P 

recovery and recycling routes is absolutely favourable to obtain both, resource and cost efficiency. 

Integrative solutions are easier to justify for the society and from economic point of view. But, 

regarding the legal framework, we have to cope with outdated structures and there is a strong need 

for a paradigm shift from waste to be disposed of towards a renewable resource to be tapped. And 



9 

 

this is exactly the current way to move from a linear economy towards the well-balanced European 

circular economy. 

The project activities have been strongly disseminated in all relevant sectors. Instead of producing 

stockpiles of paper, the project partners engaged directly with the relevant stakeholders in industry, 

policy and science ensuring real impact based on vital discussion and exchange within the target 

groups. 

The eMarket provides a match making platform for supply and demand of/for recovered nutrients 

and will be further developed in the afterlife of P-REX. Incorporation into the ESPP website allows 

to sustain and even to improve this real market instrument: http://e-market.phosphorusplatform.eu/ 

The experience and results are already recognized among policy makers i.e. from the EC (DG 

GROW, DG ENV). Right on time to answer the Commissions consultation (published in July 2013) 

on the sustainable use of phosphorus, the P-REX market stakeholder workshop in September 2013 in 

Poděbrady gave the chance to produce a joint reply of stakeholders representing all relevant sectors 

in science, policy and industry from 12 European countries. The P-REX summer school gave 40 

students and young professionals a full overview of the latest developments in the field and provided 

excellent networking possibilities on the workshop where the implications of the upcoming recycling 

obligation were discussed by Swiss stakeholders. 

Various deliverables and reports were elaborated during the project including a short educative 

animation (http://vimeo.com/78539404). These are available for download or linked at the www.p-

rex.eu website in the download and news section. P-REX results were presented at more than 70 

occasions with a total audience of more than 7,000 head counts. Project results were published in 9 

scientific publications, 11 master theses and numerous other publications. 

Table 1: Compilation of most relevant deliverables of the project available at: www.p-rex.eu 

Deliverable/output Title 

D4.1 Technical comparison on the design, operation and performance of ash processes 

D5.1 Comparison of sludge related processes 

D6.1 Full-scale performance of selected green polymers in sludge dewatering 

D7.1 Guidance document for safe sludge monitoring 

D8.1 Quantification of nutritional value and toxic effects of each P recovery product 

D9.1 Risk Assessment of secondary P fertilizers 

D9.2 Environmental footprints of P recovery technologies via LCA 

D10.1 Report on LCC of European P recovery scenarios 

D11.1 Report on market for P recycling products 

D11.2 Pre-normative matrix for P recovery products  

D11.3 Policy brief - P recycling now! 

D12.1 Integral guidance document for phosphorus recovery from the wastewater stream 

Fact Sheets For the tecovery technologies assessed in P-REX and the applied hypothesis for reference 

Animated film P-REX in 2 minutes animated film with subtitles in several languages 

eMarket Match making platform for supply and demand for recovered nutrients 

  

http://vimeo.com/78539404
http://www.p-rex.eu/
http://www.p-rex.eu/
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WA1 - P-recovery from ash 

The work area 1 covered the P recovery from mono-incinerated sewage sludge ash. Since there are 

still no full-scale facilities for AshDec and Mephrec running, for the first, an alternative by a 

production campaign in Weimar provided the data needed for assessments and enough recovery 

material for pot, field experiments and chemical analyses. 

For Mephrec, alternatively three different concrete application case studies delivered reliable data 

input. The LeachPhos process data have been gathered from the demonstration facility temporarily 

operated in Bern, Switzerland. The key results for this work area are compiled in deliverable D4.1 

Comparative review of ash processes. 

The delivered process parameters in WP1, WP2 and WP3 were proved and adapted together with 

KWB and FHNW to guarantee a consistent presentation of process parameters in WA1, WA4 and 

fact-sheets. The set of input data is in all deliverables the same. Variation of the displayed numbers 

belongs to the different reference systems. The amount per P-recovery is calculated in WA1 by the 

used ashes and in WA4 and fact-sheets according to the P-REX reference model.  

The Deliverable D4.1 contains the process parameters from WP1, WP2 and WP3. The product 

quality is evaluated by the demonstration trial (ASH DEC), pilot trial (Leachphos) and simulation 

(Mephrec). The two options of Mephrec with sludge or with ash are considered in the deliverable. To 

compare the energy balance between the different processes it was recalculated for an equal raw 

material input. This calculation also includes the two Mephrec concepts (sludge and ash). The 

comparison of energy balance was done for different scenarios (combination with mono incineration 

and without sludge drying). The conclusion of the D4.1 contains a table with the comparison of the 

three processes with characteristics, benefits and remarks (see Table 2).  

Table 2: Process specification, benefits and remarks for the processes ASH DEC, Leachphos and Mephrec 

 ASH DEC Leachphos Mephrec 

P product:    

P recovery > 95 % 70-80 % 80 % assumed 

P content 5 - 10 % 10 - 20 % 5 - 10 % 

PNAC-solubility 
1)

 
(plant availability) 

High High 
No representative 

product 

Reducing of 

toxic trace 

elements 

As, Cd, Hg, Pb, Tl 
As, Cr, Cu, Hg, 

Ni, Pb, Tl, Zn 
all toxic trace elements 

Process:    

Preferred quality 

of input material 

 Low toxic trace 

elements 

 Low Si 

 High P 

 Low toxic trace 

elements 

 Ash with low P content 

possible 

 High P, Fe and Ca 

 High level of toxic trace 

elements tolerable 

Special benefits 
 Low waste amount 

 Acid free fertilizer 

 Flexible process 

 P accumulation in 

product 

 For sludge and ash 

 Toxic element removal 

 Iron alloy as by-product 

 Energy recovery for 
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sludge as input material 

Remarks 

 No removal of Cr, Cu, 

Ni 

 Positive energy balance 

if integrated into sludge 

incineration plant 

 High waste stream or 

additional treatment of 

waste 

 No actual proved 

process data and 

product quality
2)

 

 High heat consumption 

for sludge drying 

Status of 

development 

 Pilot plant 2008-2010 

with MgCl2-additive 

(about 1500 t ash) 

 Pilot study 2014 with 

Na2SO4-additive (4 t 

ash) 

 Pilot study 2012/13 

(40 t ash) 

 Simulation + 

pre-pilot trial 2008 

Planned 

operation 

 Several conceptual 

studies completed 

 Implementation pending 

 Implementation pending  Pilot plant 2015/16 

(500 t sludge + ash) 

1) 
PNAC-solubility > 80 % 

2) 
no pilot trial data for energy recovery, P distribution, plant availability 

WA2 - P-recovery from sludge processes 

The WA was designed to be completed after 18 months. Within this timeframe it was achieved to 

gather all necessary raw data and finish the technical descriptions of the sludge related processes. 

The information given in the deliverable D5.1 aim at giving an overview of concepts for the recovery 

of phosphorus from sludge and are intended to allow a qualitative comparison between the different 

approaches. This report also describes the technological backgrounds of the processes compared by 

life cycle assessment (LCA) and life cycle cost (LCC) analysis. However, most figures stated in this 

report are site specific data. The LCA/LCC study, which was prepared in the second reporting 

period,  includes the definition of a common base line for all processes. LCA and LCC 

methodologies were concludingly defined after month 18. Detailed process modelling and 

plausibility assessments for the individual technologies therefore had to be carried out thereafter and 

thus some ressources had to be rescheduled from the first to the second reporting period. Harmonized 

data for the sludge processes based on a truly comparative approach were published via five 

technology fact sheets in March 2015, as well as in the relevant LCA and LCC deliverables. 

The processes included in this report can be categorized into three groups of technologies according 

to the type of process input and the general recovery concept (see Fehler! Verweisquelle konnte 

nicht gefunden werden.4): 

 

Group 1: 

Phosphorus is recovered directly from the digested sludge without extraction process and without 

separation of supernatant and sludge phase beforehand. Therefore this process is designed for and 

significantly more efficient for digested sludge from wastewater treatment plants using enhanced 

biological phosphorus removal. This group contains only one type of process – the Airprex process. 

Nevertheless, this process has been applied already in different process design configurations and 

additional process options have been developed. The central process component is the specific airlift 

reactor. 
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Group 2: 

Phosphorus is recovered from the supernatant of the digested sludge after liquid-solid separation, 

usually by centrifugation. Therefore the process input is the relatively solid-free liquid phase of 

digested sludge. Since no extraction process is applied, the process is designed in general for 

wastewater treatment plants with enhanced biological phosphorus removal. According to the 

different process designs, three different technologies are distinguished in this group: Crystalactor, 

Pearl® process and Struvia process. The central process component of these technologies are 

crystallisation reactors. For each of these processes a unique reactor and process concept has been 

developed. AirPrex® is in principle also applicable in this group. The first full-scale application in 

combination with thermal-hydrolysis is in preparation. 

 

Group 3: 

Phosphorus is recovered from the supernatant of the digested sludge after acidic leaching (dissolution 

of P) and liquid-solid separation. In contrast to the processes of group 2, these processes enable the 

recovery of larger amounts of phosphorus by transferring (dissolving) phosphorus fixed in the solid 

sludge phase  into the aqueous phase. This release is achieved by applying a specific extraction 

process on the digested sludge. The processes belonging to this group, Gifhorn process, Stuttgarter 

process and Budenheim process, consist of consecutive process steps anddesign, type and process 

combinations differ. 

 

 
Figure 4: Classification of processes according to the source of phosphorus recovery 

Additionally to the processes described in this report, the so-called Nuresys process was 

demonstrated in full scale for the recovery of phosphorus from sludge supernatant after solid liquid 

separation. In the Nuresys process phosphorus is recovered as struvite crystals in a fully stirred 

crystallisation reactor after pH adjustment by stripping and addition of caustic soda and magnesium 

dosing in form of MgCl2. The process is mainly belonging to group 2 but it is principally also 

applicable as group-1-technology, which means that struvite is precipitated in the sludge liquor 
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before dewatering and solid liquid separation. Presently, the companies Aquafin, Vito and Nuresys 

are running a project for the full scale demonstration of such an installation. 

The Airprex process can be designed as one reactor or two-reactor layout. The process mechanisms 

of pH-increase by aeration and stripping, crystallisation due to dosing of magnesium chloride, 

sedimentation and harvesting of the mineral phosphorus product remain the same. Dewatering is 

done after treating the sludge in the AirPrex® reactor. 

The most relevant process mechanism for group-2-technologies is the controlled crystal growth in 

the separated sludge water leading to high quality products of specific size, easily dewaterable and of 

high purity. The reactor design of these processes can be summarized as following: 

 Crystalactor: Cylindrical, up-flow-fluidized bed with large crystallization surface, mainly on 

surface of sand seedings (in principle also other seedings  possible), classification according 

to particle size in the fluidized bed, operational conditions lead to low super-saturation (meta-

stable region), recycle flow for dilution 

 Pearl® process: Up-flow, fluidized bed reactor with zones of increasing diameter, self-

seeding systems (struvite prills are the seedings themselves), classification according to 

changes in diameter, operational conditions lead to low super-saturation (meta-stable region), 

recycle flow for dilution 

 Struvia process: Continous stirred tank reactor with integrated solid/liquid separation by 

calming zone and lamellar packing (Turboflo™) or with additional lamella settler 

(Turbomix®). In the latter case, part of the struvite harvested from the bottom of the settler is 

recycled into the mixing reactor in order to reduce the amount of nucleation and to obtain 

crystals with larger particle sizes. 

The implementation of struvite recovery from the sludge water (no matter if done prior or after 

dewatering) does not reduce the efficiency of technologies aiming to recover the phosphorus from 

the solid phase of the sludge, as done with acid leaching or thermo-chemical treatment of sludge ash. 

It has to be understood as complementary phosphorus recovery.  

All technologies belonging to group 3 contain an initial sludge treatment step – the dissolution of P 

from the solid into the aqueous phase - to increase the concentration of dissolved phosphorus in the 

aqueous phase. In both cases the Gifhorn process and the Stuttgarter process, extraction is done by 

dosage of sulfuric acid, in the case of the Gifhorn process achieving a pH of 4. The Stuttgarter 

Process was operated at a range of pH values – between pH 3 and 5. In the later phases of 

experiments the pH was adjusted between pH 4 and 5 for economical reason. The Budenheim 

process applies an extraction by adding CO2 at increased pressure which leads to a pH decrease 

down to pH 4 to 5.  

The dewatering by centrifugation or filter press is included in the process chain of these concepts. 

The concepts of the Gifhorn process and the Stuttgarter process include a specific process to control 

the co-precipitation of heavy metals with the fertilizer product. The Gifhorn process includes the 

precipitation of heavy metals as sulfides by dosing of NaS prior  dewatering. The Stuttgarter process 

prevents heavy metal precipitation by adding citric acid as complexation agent.  
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Figure 5: Type of general process components 

According to the different process components, several chemicals are consumed. All processes 

include a precipitation step and hence require the dosing of a cation – calcium or magnesium. The 

three processes with an extraction process apply an acidic pH. For the pH increase before 

precipitation or crystallisation, dosing of caustic soda is required. Processes without acidic treatment 

need a slight adjustment of pH but not necessarily – depending on the properties of the sludge.  

 

 

Figure 6: Summary of types of chemicals used for the different concepts 

 

By adding of magnesium components and increasing the pH most of the processes precipitate or 

crystalize magnesium ammonium phosphate (MAP, struvite). The product of the concepts AirPrex®, 

Crystalactor, Pearl® and Struvia is a nearly pure struvite. The processes Crystalactor and Struvia are 
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designed to produce calcium phosphate as an alternative product. The product of the Gifhorn and 

Stuttgarter process contain mainly struvite but also calcium and iron phosphates. The latest 

configuration of the Stuttgarter Process produces nearly pure struvite. The Budenheim process is 

designed for the precipitation of a calcium phosphate. 

 

Figure 7: Overview of size and duration of operation 

 

The processes described in this report have all been operated in demonstration scale or planning of a 

demonstration plant is in progress. Therefore up to now, the operational experiences differ 

significantly for the different technologies regarding plant size and duration of operation. Figure  

gives an overview of the duration and sizes of installations of the processes. Regarding the duration 

of the Gifhorn process it has to be taken into account that the general process has been operated for 

more than two years but under the operational conditions optimized for phosphorus recovery only for 

several months. The operation of the Budenheim process in pilot scale is in preparation. 

In general, it can be concluded that all processes presented here have positive impacts on the 

operation of the wastewater treatment plant, which are a reduced phosphorus load for the biological 

wastewater treatment and a reduction of the amount of sludge to be disposed. All processes which 

produce struvite additionally reduce the load of ammonium for the biological wastewater treatment. 

Furthermore all of them reduce the risk of encrustations in the sludge treatment part of the 

wastewater treatment plant. However, this positive effect is mainly relevant for wastewater treatment 

plants using enhanced biological phosphorus removal and anaerobic digestion since otherwise the re-

dissolution of phosphorus during the digestion is relatively low. 

The reduction of the amount of sludge to be disposed is beneficial since costs and energy for drying 

and for transportation decrease. 

 

WA3 - P-recovery/recycling through biosolids valorisation in agriculture 

Full-scale application of green polymers vs. chemical polymers as coagulants and flocculants 
 

The successive approach through screening, lab scale and pilot scale trials paved the way for full-

scale trials. The general feasibility to apply a starch based green polymer in full-scale centrifugation 

was shown. Substitution of 20 – 30 % of the PAA based polymer was demonstrated achieving 

similar TS of the dewatered sludge. A major drawback for a higher or even complete substitution is 
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the separation ratio which decreases with a higher amount of H6864. This indicates insufficient shear 

stability for flocs formed by the green polymer H6864. Therefore full scale trials including 

optimization of operational parameters as well as machinery set up are recommended in order to 

estimate the substitution potential for each WWTP. 

Further tests with a belt filter used for excess sludge thickening before digestion were carried out, 

because these processes apply lower shear forces. Still the substitution potential lies between 20 –

 30 %, accepting a lower TS concentration. The operation with the drum filter did not show any 

positive effect, thus the use of the starch based polymer cannot be recommended. 

For demonstration trials, the following guidelines should be kept in mind: 

 

Polymer make up 

PAA-based polymer make up should be done according to best-practice advice and 

recommendations of polymer manufacturer. The synthetic polymer should mature at least 45 minutes 

and be consumed within 4 hours. 

The H6864 does not need any maturation time, but complete mixing should be ensured. During the 

pilot and full scale trials a mixing time of 15 minutes was sufficient using a propeller mixer. 

 

Dosing/Mixing conditions 

Best results were achieved when the polymers were dosed separately. Dosing the H6864 prior the 

PAA-based polymer effects in charge neutralization by the H6864 and a build-up of strong flocs by 

the PAA-based polymer. This way the PAA-based polymer is used most efficiently. For the full scale 

trials a retention time for the H6864/sludge mix of 45 – 55 s was kept. Complete mixing has to be 

ensured optimizing the dosing concentrations of the polymer. For the pilot and full scale trials the 

dosing concentration was 0.1 – 0.4 % for centrifugation and the drum filter. The dosing solution for 

the belt filter was with 0.048 % lower. 

 

Sludge types 

Non-digested excess sludge showed more suitable characteristics to be treated with green polymers. 

The optimal polymer demand did not increase significantly up to a polymer blend consisting of 75 % 

of H6864 and 25 % of the PAA-based polymer. The details for this work package are given in 

deliverable D6.1 

 

Identification and evaluation of suitable biological tests for efficient sludge monitoring 
 

Comparison of results from biological tests and chemical analysis and identification of best 

available/suitable technique to monitor sludge toxicity (details given in deliverables D7.1 and D8.1) 

A comparison of the results of biological tests and chemical analysis has been made by calculating 

correlations between EC50-values of each test with all chemical parameters analysed. For these 

correlations not only the three sludge samples were used but all P-products, TSP included as 

correlations with only three values are not meaningful. But correlations between organic pollutants 

and P products could only be calculated for the cryst- and sludge-products, as the ash products were 

only analysed for non-organic pollutants. As low EC50 values mean high toxicity a correlation of -1 

would sign the best value.  
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Table 3: Correlation between concentration of different chemical substances and results of eco-toxicological tests (EC50 

values) of all tested P-products (for heavy metals) and sludge- and cryst-products (for all organic substances) 

Chemical substance 

Earthworm 

avoidance test 

(avoidance 

behaviour)  

Phytotoxicity test 

(parameter: 

emergence) 

Phytotoxicity test 

(parameter: dry 

matter) 

Arsenic -0.13 0.31 0.43 

Chrome -0.14 -0.19 -0.01 

Copper 0.07 0.25 0.41 

Iron 0.27 0.36 0.35 

Mercury -0.12 0.00 0.35 

Nickel -0.01 -0.23 -0.02 

Lead -0.07 0.32 0.32 

Zinc 0.03 0.27 0.35 

Cadmium -0.22 0.29 0.24 

AOX 0.29 -0.36 -0.13 

WHO-PCDD/F-TEQ  

(incl. limit of detection) 
0.04 -0.63 -0.22 

WHO-dl-PCBB-TEQ  

(incl. limit of detection) 
-0.69 -0.25 0.59 

Perfluoroctanoic acid (PFOA) -0.71* -0.32 0.49 

Perfluorooctanesulfonic  

acid (PFOS) 
-0.01 -0.44 0.10 

Fluoranthene -0.23 -0.49 0.65 

Benzo(b)fluoranthene -0.24 -0.44 0.68 

Benzo(k)fluoranthene -0.37 -0.43 0.70(*) 

Benzo(a)pyrene -0.27 -0.45 0.69 

Benzo(ghi)perylene -0.29 -0.46 0.69 

Indeno(1,2,3)pyrene -0.26 -0.45 0.67 

Carbamazepine 0.77(*) -0.51 -0.54 

Benzotriazole 0.64 -0.27 -0.13 

Diclofenac 0.91(*) -0.04 -0.48 

* Significant correlation after t-test (confidence interval 97.5 %) 

(*)  Significant correlation after t-test (confidence interval 97.5 %), but positive correlation means low toxicity results for 

high amounts of contaminant or the other way round which means “wrong correlation”  

 

For all three test parameters positive as well as negative correlations occurred. But the quantities of 

significant correlations (marked with *) was very small. Significant negative (meaningful) 

correlations only occurred between WHO-dl-PCBB-TEQ and earthworm-test, between PFOA and 

earthworm test, between WHO-PCDD/F-TEQ and emergence of turnip rape and Carbamazepine and 

dry matter of turnip rape. No correlations occurred between heavy metals and toxicity test results 

although for calculations of correlation also the ash product results were used.  

The conclusion from these results could be that the tested toxicity tests don´t reflect the quantities of 

contaminants very good. But this is not mandatory true. It is likely that the amount of correlated 

values was too low and that the differences of contamination in P products were too low. So it would 
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be interesting to repeat correlations with products that differ more strongly in their concentrations of 

contaminants and to use more products. 

 

Recommendation for decision makers 

In this project six eco-toxicity tests were chosen and conducted in combination with chemical 

analysis to evaluate the toxicity status of different P-recycling products. The task was to test whether 

the biotests are capable to replace or complement chemical analytics or not. The background is that 

toxicity tests might “detect” (new) harmful substances that are not searched for within the chemical 

(standard) analytics.  

Two of the tests, the Earthworm Avoidance Test (ISO 17512-1:2008) and the phytotoxicity test (ISO 

11269-2:2012) gave reasonable and evaluable results. Different problems occurred during the 

conduction of the other four tests. Some of the tests might be recommended anyway if more toxic 

substances are tested or higher concentrations are chosen but at least one of the tests did not met the 

validity criteria and the method and analytics must be refined. 

Generally the conduction and evaluation of eco-toxicitiy tests requires expert knowledge of 

biologists and toxicologists. Furthermore the standardization of test norms is much more difficult 

than for chemical analysis (for example choice of test soil and animals) and usually the conduction of 

tests and their evaluation is done for single substances and is difficult for substance mixtures like 

sewage sludge. Test norms and evaluation recommendations must be expanded and refined to 

include also substance mixtures. One problem that might occur when testing substance mixtures is 

that effects can be overlain by contraries (for example earthworms react very sensitive on ammonia). 

This requires evaluation by experts in order to assess its real hazard potential. The determination of a 

special set of biotests is not possible as the sensitivity of test organisms for the diverse harmful 

substances is different and should be overarching. For the soil compartment the Institute for Health 

and Consumer Protection (IHCP) recommends at least three tests: one with a producer, one with a 

consumer and one with a decomposer. And the inclusion of long-term tests is desirable. This makes 

this procedure of testing the toxicity of substances elaborate and time-consuming.   

So regarding the current state of affairs it cannot be recommended to integrate eco-toxicity tests in 

frequent monitoring routines. But if more effort are taken to expand and refine the standards for 

testing and their evaluation procedures the conduction of eco-toxicity tests by experts can be a 

valuable.  

 

WA4 - Environmental, economic and risk assessment of technical options 

Assessment of toxicity and plant availability of P-products 

Maize was planted at the 6
th

 of June 2014 and harvested at the 29
th

 of September 2014. Fresh and dry 

matter yields per pot were measured. For a better comparison the dry matter yields of both years are 

shown (Fig. 8).  



19 

 

 

 

Figure 8: Dry matter yield (g/plant) of maize in 2013 and 2014 in dependence of different treatments of P-fertilization 

and of different pH-values of soil; Mean values of n=4 (except TSP and control are n=6); error bars are standard 

deviations; bars with the same letter within one year and soil do not differ significantly, Tukey-test or Dunnet T3-Test 

with α = 0.05 

All three sludge products lead to significant yield increases compared to the control in both years and 

on both soils. Although the water-soluble P fraction was lower in Sludge 2 (Bio-P-sludge dewatered) 

compared to Sludge 1 (Bio-P-sludge) the yields were higher for Sludge 2 in the first year. One reason 

might be that after P-application in the first year the soil treated with the liquid Sludge 1 was to wet 

(because of the high sludge amount) that seedling emergence was inhibited and the maize plants 

appeared later than all others did. The differences between Sludge 1 and 2 disappeared in the second 

year. But in 2014 all three sludge products lead to lower yields on acidic soil which was not the case 

in 2013. The reason for this might be that the low pH value was not constant in 2013 (due to 

watering with tap water).  

The three struvites led to yields as high as plants fertilized with TSP on both soils and in both years 

(exception: Cryst 1 (Pearl product) in the first year on acidic soil). In the first year standard 

deviations on acidic soil were high so that the yield increase was not significant compared to control 

plants. The reason for this is probably the rather low starting pH value of 4.9 and a following pH 
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decrease due to ammonia nutrition (as ammonia is part of struvites). Maybe due to this pH effect 

some of the plants emerged but stayed very small and stopped growing but most plants had a normal 

development. These differences in plant size may have led to high standard deviations.  

The ash products showed very inhomogeneous results. The raw ash (Therm 1) was used as a kind of 

reference as the P-availability is very low in untreated sewage sludge ash. The total P-amount of 

Therm 1 is comparable with Therm 2 and 3 (the two Ash Dec products) between 12.9 and 

15.7 % DM, but the citric acid soluble P-amount is only half (7.5 compared to 12.2-14.1 %). 

Nevertheless the raw ash lead to significant yield increases on acidic soil in both years but not on 

neutral soil. The two Ash Dec products differed strongly in their effect on plants as the MgCl2-

treated product lead to good results only on acidic soil and the Na2CO3-treated product lead to 

comparable yield increases like TSP and the struvites did. The Mephrec slag (Therm 4) lead to a 

significant higher yield than control plants only on neutral soil in the second year. This product had 

the lowest total P content and also very low P solubility in the different acids. Due to this it is 

remarkable that the yield was higher on neutral soil than on acidic soil in both years as acidic soil can 

increase the P-solubility. The LeachPhos product (Therm 5), together with the Na2CO3-treated Ash 

Dec product, showed the best result of the Therm products. The yields were significant higher than 

control plants on both soils and in both years and only slightly lower than TSP-treated plants in the 

first year.   

Plant biomass was analyzed for their nutrient contents after harvest. P uptake per pot was calculated 

from plant biomass and nutrient contents. The results in percent of the P application (what means that 

P uptake of control plants was subtracted from P uptake of fertilized plants) cumulated over both 

years for both soils are shown in Figure 9. 

   

Figure 9: P-uptake (% from given) of maize plants in 2013 and 2014 in dependence of different treatments of P-

fertilization and of different pH-values of soil; Mean values of n=4 (except TSP and control are n=6) 
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Phosphorus was given in a concentration of 125 mg kg
-1

 soil in the first year. The dark blue and dark 

grey bars represent the P-uptake of the maize plants in the first year and the lighter part of the bars 

the P-uptake in the second year 2014. The mean value of the P-uptake in percent from both years of 

all P-treatments is almost the same for both soils (24 %). But it is interesting that the share of the two 

years of these 24 % differs for the two soils: on the acidic soil in the first year already 53 % were 

taken up and only 47 % in the second year. On the soil with pH 7.1 in the first year only 36 % were 

taken up by the plants and the bigger part of 64 % were used in the second year. The following 

treatments reached a P-uptake of 24 % or more on both soils: Sludge 1 and 2 (Bio-P-sludge and Bio-

P-sludge dewatered), all Cryst products (Pearl, AirPrex, Stuttgart), Therm 3 (Ash Dec Na2CO3) and 

Therm 5 (LeachPhos) and TSP.   

The relative fertilizer efficiency (RFE) was calculated by determining the yield increase according to 

the control for each fertilizer. The increase of the TSP-fertilizer was set to 100 % and the proportion 

for the other P-products was calculated. For a better comparison the results of both years of the RFE 

are shown in Table 4. 

Table 4: Relative fertilizer efficiency (RFE) in dry matter yield per plant in percent compared to TSP (after subtraction of 

control yield) of maize plants in 2013 and 2014 in dependence of different treatments of P-fertilization and of different 

pH-values of soil; Mean values of n=4 (except TSP and control are n=6) 

P-product 

Soil pH 7.1 Soil pH 4.9 Mean value  

pH 7.1 + 4.9 2013 2014 Mean value 2013 2014 Mean value 

% 

Bio-P-sludge 60 86 73 56 94 75 74 

Bio-P-sludge dew. 94 108 101 80 95 88 94 

Fe-sludge dew. 54 82 68 52 52 52 60 

Pearl 113 86 100 30 93 62 80 

AirPrex 110 92 101 109 90 100 100 

Stuttgart 106 106 106 84 79 82 94 

Raw ash 13 24 19 48 57 53 36 

Ash Dec MgCl2 5 9 7 89 87 88 47 

Ash Dec Na2CO3 98 84 91 87 88 88 89 

Mephrec 23 75 49 -5 -10 -8 21 

LeachPhos 72 100 86 86 89 88 87 

TSP 100 100 100 100 100 100 100 

 

Satisfying results of relative fertilizer efficiency values of 80 or more were reached by the dewatered 

Bio-P-sludge (Sludge 2), all struvite products, Ash Dec (Na2CO3) (Therm 3) and LeachPhos (Therm 

5). The yields of struvite products were comparable to those of TSP. 

Assessment of toxicity of P products 

For the tested products the earthworm avoidance test and the phytotoxicity test were the most 

sensitive and meaningful. The N- and C-transformation tests are important but must be refined and 

are not suitable for organic substances and maybe also not for fertilizer products. The sensitivity of 

the two aquatic tests cannot be evaluated as the maximum tested concentration for the Cryst and 

Therm products was too low. The evaluation of water tests is also difficult especially for substance 

mixtures like sewage sludge and the tested P-products, as the PEC would contain different water 

soluble substances. The evaluation of the test results was done in deliverable D 7.1 
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Table 5: EC50 values of six bio tests for different sludge- and P-products 

Products 

Avoidance 

behavior 

of Eisenia 

fetida 

Growth 

inhibition 

of  

Lemna 

minor 

Acute toxicity 

(mortality) of 

Gammarus 

fossarum 

Dry matter 

inhibition of 

Brassica 

rapa 

Emergence 

inhibition 

of Brassica 

rapa 

Inhibition of 

N-transfor-

mation of soil 

micro-

organisms 

Inhibition of 

C-transfor-

mation of soil 

micro-

organisms 

EC50 (% FM in soil or water) 

Sludge 1 1.66 5.0 2.1 5.7 5.9 ** */** 

Sludge 2 5.29 2.9 0.6 3.4 3.7 ** */** 

Sludge 3 5.26 3.4 0.6 5.7 1.8 ** */** 

Cryst 1 0.15 * * 8.6 6.7 ** * 

Cryst 2 0.68 * * >10 1.1 ** * 

Cryst 4 0.12 * * 3.8 0.4 ** * 

Therm 1 0.91 * * >10 >10 ** * 

Therm 2 6.66 * * >10 >10 ** * 

Therm 3 1.68 * * >6 0.1 ** * 

Therm 4 * * * >10 >10 ** * 

Therm 5 0.97 * * >10 6.3 ** * 

TSP 0.31 0.2 0.03 3.1 0.5 ** * 

* No negative effect or negative effect not more than 50 % within the tested concentrations  

** The validity criteria of the test were not met 

Environmental samples 

Two environmental samples of Therm 2 (Outotec: Glühphosphat) and Therm 5 (BSH: BSH2 

LEACHPHOS) extracted directly after fertilization from field trials in Austria were investigated by 

the Earthworm Avoidance Test. No avoidance behavior of the earthworms could be detected. 

Assessment of eluates of TSP and Cryst 4 

The eluates of TSP and Cryst 4 (most effective products in the direct assessment) prepared according 

to DIN-EN 12457-1 were investigated with the Gammarid Acute Toxicity Test. The eluates of TSP 

and Cryst 4 had a lower or similar effect (mortality/behavior) on the gammarids compared to the 

direct assessment of the P recyclates (same concentration range in both test set-ups was used (direct 

+ eluate)). This result combined with the fact that testing the direct P recyclates as they are applied in 

the field seems more realistic shows that the results both mirror the real scenario as well as the 

dilution scenario (eluates). 

Conclusion for application of bio-tests 

The pot tests were conducted for two years with two different soils (differing in pH value) with 

maize. The relative fertilizer efficiency which compares the P-availability of the P-products with that 

of TSP showed good results (>80 %) for sludge 2, all Cryst products and Therm 2 (only pH 4.9), 3 

and 5.  

The assessment of the toxicity of the P-products was tried by using the six biological tests chosen in 

WP7. Two of the six tests were aquatic and the results were difficult to evaluate as the calculation of 

a predicted environmental concentration (PEC) is complicated for the water compartment. The 

evaluation of the sensitivity of these two tests was not possible as the maximum tested concentration 

was too low (1 %) to get negative effects. Of the four soil tests the earthworm avoidance test and the 
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phytotoxicity test lead to meaningful results and therefor can be recommended. The C- and N-

transformation tests were not suitable for the tested substances. The conduction of toxicological tests 

in addition to chemical analyses is meaningful but might be too elaborate and expensive.  

Comparative Life Cycle Assessment of treatment-recovery paths 

LCA methodology according to ISO 14040/44 

LCA methodology has been developed in M1-18 of the project and precised in the course of M19-36. 

Besides defining the system boundary (Figure 10) and functional units (two options: a) per total 

annual impacts of P recovery from 1 Mio p.e. sludge line and b. per kg P recovered), the reference 

system has been defined in input quantities (= raw sludge, P balance), process flows, and important 

operational parameters for the LCA (e.g. energy recovery in sludge incineration, treatment of return 

liquor) (Figure 11). For the raw sludge, two different sludge qualities are accounted for to represent 

both the sludge from chemical P removal and biological P removal plants, as the different Fe content 

in the sludge has a distinct effect on the subsequent processes available for P recovery. 

It is planned to publish the LCA methodology developed in P-REX in a separate document to enable 

follow-up projects to adopt a comparable approach, thus increasing comparability between different 

LCA studies in this field. 

 

 

Figure 10: System boundaries of Life Cycle Assessment 
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Figure 11: Substance flow model of reference WWTP (1 Mio p.e.) 

Sensitivity analysis and LCA interpretation 

Overall, LCA results show that P recovery can be realized with benefits for the environment in terms 

of resource efficiency (less energy required) and related reduction in emissions (e.g. greenhouse 

gases, nutrients in water, but also selected heavy metals which are found in mineral fertilizer 

products). However, all pathways and processes have their benefits and drawbacks, so that an 

optimized strategy has to take into account regional boundary conditions and existing infrastructure 

(e.g. type of P elimination in WWTP, sludge disposal pathways). Within the P-REX consortium, it 

was decided to present the LCA results for the set of 9 environmental indicators separately to reflect 

the different effects and features of the processes and pathways assessed. Hence, an aggregation of 

LCA results into a single indicator (e-g. “eco-points”) using subjective weighting and a final 

“ranking” of P recovery processes and pathways in their environmental profile is avoided to leave the 

final decision with the stakeholders. Overall, the LCA study provides valuable insights into the pros 

and cons of each technology in a reference system and promotes further discussion of suitable 

strategies on the basis of validated information. 

The sensitivity of the LCA outcomes has been checked both in terms of input data (definition of 

reference system, e.g. P concentration in sludge/ash/liquor) and indicator choice for impact 

assessment. As expected, lower concentrations of P in sludge/liquor/ash lead to less efficient P-

recovery in terms of energy and resource demand, but the general tendencies remain unchanged. For 

the toxicity assessment, alternative indicator models also show the differences in product quality (= 

metal content) between processes, although the individual contribution of specific metals to the total 

human or eco-toxicity score is different. Still, Cu and Zn are the most important contributors to the 

toxicity evaluation. 

 

Risk assessment of using secondary P resources from WWTP 

Following the EU Technical Guidance Document on Risk Assessment, this task quantifies the risks 

associated with the use of secondary P resources from sewage sludge in agriculture. The model is 
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mainly focus on the risks originating from heavy metal content, but also estimates the risks from 

some organic substances as well. The results for secondary P fertilizers will be compared to the risks 

originating from mineral P fertilizers with different heavy metal content. The risk assessment has 

been postponed to start at M18 to allow for representative characterization and sampling of the 

different secondary P products from the P recovery processes assessed within P-REX. The work was 

basically completed until M30, whereby sensitivity analysis and precision of uncertainties of the risk 

assessment is ongoing until M36. 

The risk assessment was done to quantify potential risks by singular substances (=hazards). This 

assessment does not give results on cumulative effects by mixtures of substances (=products). Based 

on the potential accumulation of hazards, a time span of 100 years fertilizer application is modelled 

in exposure assessment. The scope of this assessment can be compartmentalized in hazards, products 

and endpoints. 

Results of LCA impact assessment show that P recovery processes and pathways differ heavily in 

their P recovery yield, but also in their needs for energy (e.g. in electricity, chemicals, fuels) and 

related greenhouse gas (GHG) emissions (Figure ). Although most of the processes are associated 

with an overall reduction of energy use and GHG emissions due to substitution of mineral fertilizer 

production and respective side-benefits at the sludge line (e.g. reduced return load, better 

dewatering), some processes revealed a high investment in energy and increased GHG emissions. In 

particular, sludge leaching is associated with high chemical demand (acids, caustic), leading to a high 

energy and GHG footprint. 

Evaluation of product toxicity shows that struvite products from sludge or liquor are of high quality 

and low content of heavy metals, while ash products may contain considerable amounts of selected 

metals. 

 

 

Figure 12: P recovery and global warming potential of different pathways for P recovery 
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In the LCA evaluation, high content of Cu and Zn in certain ash products led to an increased toxicity 

score. However, the global characterization factors of LCA for metal emission into soil may not 

adequately reflect real potential for negative impacts on human health.  

 

Figure 13: Human toxicity potential of P recovery processes from ash or sludge 

The results of risk assessment partly confirm and partly disagree with the toxicological assessment in 

the LCA study. For the endpoint human, no unacceptable risks were expected by any primary or 

secondary fertilizer application. The hazard with the highest risk ratio regarding this endpoint is Cd; 

the risk ratio of Zn is at least one magnitude lower. In case of the endpoint soil organisms, risks 

regarding Zn could not excluded when accumulation of this hazard in topsoil (soil-pH about pH 7) is 

dominant. For the endpoint groundwater risks could not excluded for the mobile hazards Cd and Zn 

for low soil-pH about pH 5 (see Figure ). 

Figure  also indicates that the risk ratios stay in the same magnitude of scale, indifferent which 

product is used as fertilizer in a 100 year timespan. Therefore the initial concentration of hazards in 

soil and the influence of atmospheric deposition of hazards are relevant. A comparative 

quantification of hazardous loads via fertilizer application and hazardous loads via atmospheric 

deposition gives Figure . 

It indicates high Cr and Cu loads by sludge, ash and partly ash product application compared to 

atmospheric deposition. The loads by struvite (Gifhorn – Pearl/Struvia) application are significantly 

lower and in almost all cases lower than the annual hazard input via atmospheric deposition. Another 

significant result is that the observed organics (PCDD/F + dl-PCB and PAH) originate primary from 

air and not due to sewage sludge or struvite application. 

Summarizing the toxicity assessment in LCA and the risk assessment, the micronutrients Cu and Zn 

seem to be relevant for further evaluations. The Impact factors in LCA and the PNEC in risk 

assessment are not exclusive responsible for this conclusion. The contents of both metals in sewage 

sludge, ash and some ash based products conduct with this Impact factors/PNEC to these 

conclusions. 
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Figure 14: PEC/PNEC-ratios for endpoint groundwater 

 

Figure 15: comparative loads of atmospheric deposition and primary and secondary fertilizer application. 
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In comparison with conventional phosphorus fertilizers out of phosphate rock both metals are of 

minor importance, due to the lower Cu- and Zn-content of this raw material. Sewage sludge is a 

different matrix, so it may occurs that other heavy metals than Cd and U become more important in 

the discussion when phosphorus recycling from sewage treatment becomes praxis. 

Details are given in the deliverables: 

D9.1 Risk assessment of secondary P fertilizers 

D9.2 Environmental footprints of P recovery technologies via LCA  

The results and deliverables for risk assessments have been highly recognized by DG GROW and 

JRC, being responsible to elaborate End-of-Waste criteria for recyclates in the near future. The LCA 

results are directly fed towards JRC as well for their work on the resource efficiency BREFs. 

Life cost analysis of treatment-recovery paths 

 

LCC methodology 

The methodology used can be summarized as follows: 

 The LCC considered financial aspects were from the customer/operator viewpoint (no 

societal cost, no social cost, and no environmental cost). 

 Data on processes from P-REX WA1 and WA2 were used 

o Operational data and simulations 

o Equipment and materials based on offers for Germany 

o Concentration of ash from municipal sludge, no mixed ash 

 Specific costs were harmonized (personnel, chemicals, …) 

 In general only the cost of the process including disposal of residues and sales of by-products 

was considered. Phosphorus material sales were not included in the calculation as the market 

for recovered materials is not yet developed and actual income uncertain. Only guaranteed 

offtake of phosphorus-containing materials was included in the calculation (Pearl, EcoPhos). 

 Process costs of the whole treatment train (Figure 16) were calculated (Figure 17). The 

system included the whole treatment train, thus including cost effects caused by required 

input or modified outputs of the recovery processes (Lüscher and Nättorp
2
).  

 Comparison to three scenarios (mono-incineration, co-incineration, conventional recycling in 

agriculture) yielded the cost of transition to phosphorus recovery for a given status quo. 

 The transition cost was expressed per kg of recovered phosphorus regardless of the quality of 

the recovered materials. 

                                                           
2
 Lüscher, C. and Nättorp A. Recovering Phosphorus and Closing the Nutrient Cycle, Research report 2009/2010 

University of Applied Sciences Northwestern Switzerland School of Life Sciences, 56-5, 2010 
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Figure 16: The systems considered in the cost calculations. Interactions in the treatment train indicated. Reference 

processes not shown. 

First results were discussed and specific costs and conditions validated at a WA4 meeting in 

September 2014. After further harmonization with the LCA work of KWB a definite set of material 

consumption was reached in M30. Shortly thereafter the costs were sent to partners and technology 

providers for validation and clearance for communication and publication. 

 

Sensitivity analysis and LCC interpretation 

The sensitivity of the data to parameters such as plant size, raw material phosphorus concentration, 

interest rate and cost of disposal in the reference scenarios was checked. It could be concluded that 

the cost of recovery is low most processes. The cost is 0-3 EUR/cap y for most processes (5-10 

EUR/cap y for sludge leaching), with additional cost of about 2 EUR/cap y if investment in new 

mono-incineration is necessary. This is low in comparison to European WWTP costs of 40-130 

EUR/cap y. Thus the decision to pass legislation making recovery mandatory can be seen as 

affordable and it should be taken if the potential shortage of mineral phosphorus on the world market 

is considered as a threat. 
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Figure 17: Transition cost for different reference scenarios 

All details are given in D10.1 Report on LCC of European P recovery processes was submitted in 

November 2015. 

 

WA5 - Europe-wide implementation of P recovery 

Requirements for a European market for recovered phosphorus 
 

Demonstration field trials were prepared. Agricultural organizations and farmers were contacted to 

find suitable (P-limited) plots. Developers of the recovery processes from in and outside the project 

were offered to participate and four decided to do so (AirPrex, BSH, Outotec (AshDec), and AZV 

Offenburg (Stuttgart process). Two types of trials have been performed. Field demonstrations were 

meant to test the fertilizers in farming practice and at the same time serve as presentation sites for 

workshop discussions. The plan to let farmers apply the fertilizers using standard machines proved to 

be difficult as none of the recovered materials fulfilled the required form. In addition, only one 

product was legally registered and farmers were not willing to take the risks when selling their goods 

or in terms of soil contamination. Thus the large scale trials were limited and complemented with 

small scale trials: 

 Small scale field trials on plots of 100 m
2
 with hand spreading (CH, CZ, DE, ES; by IASP) 

 Large scale field trials on plots of 1 ha with machine spreading. (DE, AT; by APH) 

 

Small scale field trials 

A total of 7 sites out of 33 were chosen where the lowest soil P concentrations were found. 

Unfertilized control, triple super phosphate und the recycling fertilizers were compared. As the 
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struvites contain nitrogen, CAN was applied at other plots in order to balance total nutrient amounts. 

Crops were maize in Czech Republic, barley and maize in Switzerland, sugar beet and maize in 

Germany and wheat in Spain. Values vary as no replications were used and there was no general 

difference to the unfertilized control (Table 6). As observed at similar experiments on previous 

occasions, P-fertilizing effects are difficult to be established in field experiments running only one 

year, also because of the high P content of the soil. The field demonstrations were used in the 

workshops in Czech Republic, Switzerland, and Germany. 

Table 6: Relative yields of plots at demonstration sites. Technical problem prevented barley harvest in CH. 

Treatment  
Germany Czech Republic Switzerland Spain 

Sugar beet Maize Maize Maize Maize Wheat 

Control  100 % 100 % 100 % 100 % 100 % 100 % 

TSP  93 % 111 % 80 % 118 % 97 % 103 % 

Ash Dec  102 % 111 % 102 % 120 % 92 % 129 % 

Berliner Pflanze  102 % 127 % 98 % 128 % 102 % 118 % 

Leachphos  102 % 117 % 98 % 139 % 100 % 108 % 

           

Large scale field trials 

Trials were performed with lime spreader (powder) on maize plots in Austria and Germany. The 

Austrian plots were inspected and no differences were seen. The German total material harvest was 

compared. Recovered material from Outotec (3.5 t DM /ha) and BSH (4.3 t DM /ha) was compared 

to controls with DAP (4.2 t DM/ha) and without phosphorus fertilizer (3.9 t DM /ha). The machine 

spreading of the current materials was considered unattractive because of dust emissions. However, 

when plots and results have been presented (Hoffest bei APH Hinsdorf, DE; CLUB der Land- und 

Forstwirte; AT, Agentur f. Gesundheit und Ernährungssicherheit, AT) there was a considerable 

interest in products in standard form. 

The work and the reporting had been structured around the three deliverables in WA11 and included: 

 A map of fertilizer processing capacity in Europe 

 An overview of the European phosphorus demand, in particular the mineral fertilizer 

market. Conclusions on market entry for recovered materials. 

 Market studies of 5 countries (BG, CH, CR, DE, ES) with volumes, actors, market 

segments and prices. 

D11.2 included: 

 A pre-normative matrix linking quality and price of market segments with quality and price 

of recovered materials. 

 Niches and fertilization schemes showing alternative routes for marketing and use of 

recovered materials differing from the conventional fertilizers.  

 Summary of legislation and some societal barriers relevant for the recycler. The policy 

analysis was made for CH, CR, DE, ES and the EU level. 
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The P-REX eMarket was launched in autumn 2014 incorporated to the ESPP website, easy visible at 

their starting page. So far almost 50 international stakeholders have been registered be it as potential 

supplier or end-user. The eMarket had been promoted in the following months at various occasions 

and is recognised as a very good match making tool. The eMarket will be further promoted in the 

next years. To support this, roll-up banners and a short promo video have been produced in February 

2015. 

The P-REX policy brief (D11.3) was edited by FHNW and the coordinator. It built on the technical 

background on the processes acquired by the consortium, the market knowledge from the market 

studies (D11.1) and the overview of the legal framework governing recovery and recycling (D11.2). 

Past recovery business cases as analysed by partner PMG in the first reporting period were an 

important part of the policy brief in order to identify similarities and success factors for future 

recovery business cases. In the policy brief the consortium sees great potential for recovery from the 

wastewater stream with the existing technologies. Need for action in four policy areas is identified: 

 Realistic and reliable European phosphorus recovery targets, especially from wastewater. 

It should be combined with a European overall road map and defining Best Available 

Technologies for phosphorus recovery and recycling. 

 Obligation for national or regional action plans for phosphorus recovery, in line with the 

European goals, implementing technical recovery of phosphorus and/or agricultural 

valorisation of high quality sludge.  

 Clear guidelines stopping contradictory national interpretation of the current European 

legislation around recycling of phosphorus from waste, especially into fertilisers. Better 

integration of secondary raw materials and introduction of quality standards including end-of-

waste criteria into the European Fertiliser Regulation. 

 National mechanisms for fair distribution of the cost of phosphorus recovery (e.g. fertilizer 

mixing quota, recovery obligations). Financing of demonstration projects, since references 

are obligatory for market penetration of innovative technologies and products. 

The policy brief was submitted to internal review by the EAB and the project partners in order to 

distil a common position taking into account the whole experience of the consortium. It was 

presented at the Phosphorus research project event hosted by DG R&D, ESPP and P-REX as add-on 

to the ESPC2 conference in March 2015. The following months the suggestions were taken further in 

the work of ESPP and DG GROW. A policy brief session was organised the 28
th

 of August in 

Brussels with participation of the EC (DGs GROW, ENV, AGRI and R&I), networks/associations 

from fertilizer, wastewater and agricultural sector. 

Regional and European perspective 

The following activities geared towards the implementation of phosphorus recycling were performed 

in the second reporting period: 

1. Tool for logistics cost and environmental impact developed 

2. A framework for regional scenario definition and evaluation developed 

3. Scenarios were developed for recycling of up to 80% of the phosphorus in the sludge in the 

four study regions. 

4. Workshops on the scenarios developed in the regional studies were organised in three of the 

four study regions. 
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5. A European synthesis of the regional studies was developed, considering future technical 

trends in the wastewater sector. 

6. An integral guidance document was written, summarizing the main results of the project. 

The concept and report structure were defined in the first period. In the second period regional data 

for the four regions the regions were complemented on: 

 current sludge disposal and infrastructure 

 sludge quality 

 ash quality 

The plan to link product quality to the fertilization schemes for recovered products defined by IASP 

(reported in D11.2) had to be abandoned. The results on fertilization schemes were too vague to 

allow any solid basis for allocation of materials in the regional studies. Instead the studies focused on 

linking the technical core results of P-REX: 

 process yield 

 process cost 

 process environmental impact 

With regional data in scenarios a common framework for scenario development with and evaluation 

was developed. 

In a Master thesis under supervision of partner FHNW a tool for environmental impact and cost of 

logistics was developed. With the tool the transport of sludge to incineration or recycling in 

agriculture as well as ash from incinerators to recycling can be easily calculated (Figure 18). Logistic 

cost was compared to the advantages of larger centralized plants. Ash and dry sludge can be centrally 

treated, but sludge transport over 100 km is to be avoided. For ash and dry sludge a couple of large 

plants in the smaller regions (2-3 plants in Aragon (ES), CH, CR; more in DE) appeared to be the 

best option. 

 

Figure 18: Part of the user interface of the logistics tool 
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The framework was used to develop scenarios for all regions. Scenarios for the transition to up to 

80% phosphorus recycling were evaluated. The main aspects discussed in the final guidance 

document were: 

 Regionally adjusted transition cost 

 Environmental impact of the transition 

 Product quality and agricultural use 

 Legal limitations and market access 

 Other aspects (logistics, development status of technologies and risk, investments and 

timeframe for transition). 

The regional scenarios were compared and discussed among the project partners. FHNW and KWB 

made a synthesis of typical scenarios for Europe. Trends in incineration ratio, WWTP coverage, 

EBPR, metal content of sludge and nutrient content of sludge were the basis for the outlook. The 

main conclusions were: 

 There is no one fits all solution. 

 Trade-off between recovery rate and energy efficiency, as well as in case of cost. 

 Lowest hanging fruits are the crystallization technologies already applied due to operational 

benefits 

 High recovery rates (i.e. 80% target) can only be achieved with socio-economic sound 

conditions, when all three pillars (biosolids, recovery from aqueous phase and recovery from 

solid sludge phase will be applied 

 There is still knowledge gap in terms of P contents and species in waste materials 

 To meet economy of scale, clusters have to be organised 

As part of the regional studies workshops were performed in all regions except Spain (Table 7). The 

workshops were visited by 170 participants who exchanged on recovery technologies and suitable 

products and needs for recycling in agriculture, the field trials were integral part of the workshops.  

Table 7: Regional workshops 

Country Date, Place Participants, topics 

Germany 21.8.2014, Berge 19 participants. Researchers, advisor for fertilizer 

permission, consultant, representatives for organic farming 

and composting, German EPA, waste water treatment and 

sludge management sector, farmers. Presentations on Pot-

trails of recycled materials (P-REX, Improve-P, LfU), legal 

and user perspectives.  Discussions on legal aspects, 

requirement and aspects for regional implementation for P 

recycling. Excursion to the P-REX demonstration field 

trials. The field demonstrations were used in the workshops in 

Czech Republic, Switzerland, and Germany. In the workshops 

P recycling options and products were presented and discussed 

with farmers, local government, scientists and other 

stakeholders like the organic farmers union. On August 21st, 

around 20 participants discussed the issue at the Field station 

Berge (Havelland, Germany) and visited the demonstration 

sites. No obvious difference in growth was visible between the 

TSP and recycling fertilizer treatments. Farmers were generally 
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convinced by the suitability of the new fertilizers but claimed 

the physical form must fit to current spreading technology. A 

member of the local government pointed out that no exception 

from current fertilizer law in terms of nutrient contents and 

maximum pollutants (heavy metals) should be expected for 

recycling fertilizers.    

Switzerland 11.9.2014, Basel 130 participants. Politicians, researchers, waste water 

treatment and sludge management sector. P-REX results 

presented and discussion of the implications of the 

coming obligatory P recycling for Switzerland. 

Czech Republic 17.9.2014, Kobylí 

na Moravě 

20 participants from agriculture, policy and other 

stakeholders.  The theme was "The use of recycled 

phosphate fertilizers in agriculture". Different points of 

view were presented, of the WWTP operator, farmer, 

legislative expert and an engineering company in the 

wastewater sector (P-REX partner ASIO). The P-REX 

demonstration field trials in Kobylí were visited as part of 

the workshop. 

Spain Was cancelled due 

to delays and 

reallocation of 

funds. 

Solintel did not manage to organise a workshop in the 

region of Aragon due to various reasons (weather, 

governmental changes in Aragon). Since SOL had little 

funds left it was decided in M33 to replace the workshop 

with a policy briefing session in Brussels in M36. In the 

frame of H2020 BBI project NewFert (KWB is partner) 

there will be two workshops in 2016/17 where P-REX 

results can also be presented and the topic P recovery and 

recycling can be promoted with Spanish stakeholders. 
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Figure 19: Framework for scenario development and evaluation. 

Integral guidance document 

The Integral Guidance Document compiles the know-how and experience gathered and generated in 

P-REX to provide a holistic picture about the current state of play in terms of P recovery and 

recycling from wastewater in Europe. The relevance of this waste stream is addressed as well as 

market opportunities and barriers to be taken to finally achieve a real circular economy for nutrients 

in Europe. 

Materials to be considered:

Sewage Sludge (local)

Sewage Sludge ash (local)

Struvites: Ostara, Berlin, Stuttgart

Ash based materials: Ash dec, Leachphos, Mephrec

Scenario developement

Input data Identif ication of  feasible treatment paths Exclusion

Regional Legislation 

Definition of a set of feasible treatment paths

------------------------

Which recovery paths and/or application methods 

cannot be applied in the region due to legislation?

Exclusion of treatment paths, 

which cannot be feasibily applied 

in the region

Input data

Calculat ion and categorisation of  regional 

cost and environmental impact of  treatment 

paths 

Technology information (Cost/kgP, investment cost, 

LCA),

 regional infrastructure (investment cost), 

logistic (material quantities and distribution, production 

plant distribution)

Matrix with regional cost and environmental impact 

for each treatment path

Input data Selection of  paths for scenarios

Most environmentally friendly 

Most cost effective

Most efficient P recovery

Acciording to the regional matrix

How will the phosphorus (available sludge) be 

allocated between the treatment paths? : 

P_allocation: 0 = 45, 35, 20...%; 1 =100, 0 , 0 ...%; 

2=0, 100, 0….% ...  

Excel calculat ion

Secondary calculat ion
Treatment paths, Matrix, allocated P

comparison with status quo

Effect of  Waste water treatment infrastructure Characterisation of  scenarios

Calculation of the same scenarios under assumption of 

higher P elimination rates at the WWTP and higher 

connection rate to centralized waste water treatment

Description of technology/ies

Total regional cost

total regional environmental impact

total phosphorus recovered as a recycled material 

and as sludge

Evaluation of  the Scenarios

Technology prof ile: Recommendations

Which sludge / ash qualities enable P-recovery? 

Which qualities exclude P-recovery?

What kind of infra-structural changes are needed for 

the 80% recovery goal?

Plant availability:

Are the citrate solubility and relative fertilization 

effect > 80 % of the recycled materials in 

comparison to a conventional fertilizer (+)?

Is the material sewage sludge?

Legal limitat ions:

Are the legal threshold values met for the recycled 

materials according to the local law today?

Are technological improvements, infrastructural, legal 

or institutional changes necessary in order to meet 

the legal limits?

For technological improvement, 

infrastructural, legal or 

institutional changes to enhance 

P-recovery.

Exclusion
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4.2 Potential impact and main dissemination activities and exploitation of 

results 

 

Exploitation of project results, management of intellectual property 

To support the coordinator and partners in any intellectual property issue, the consortium designated 

an IP manager (Ms Catalina Ospina) for the project provided by SOL. The IP manager gave advice 

to the Steering Committee, but also any partner of the consortium. On a yearly base (at General 

Assemblies), the IP status of the project was presented by the IP manager to the consortium. For the 

project’s kick-off, an introduction to the IP management, issues to be cared of and IP management 

plan was presented. By the end of the project, a report on IPR was compiled. 

Within the first reporting period, the intention for patenting new technological processing was 

declared by BAM and Outotec. The patenting procedure was initiated under number DE 10 2014 108 

199.4 and the title Process for citrate soluble phosphates by calcination of secondary phosphate 

sources with a sodium-sulfuric compound. The inventors are Dr. Christian Adam (BAM), Dr. Jan 

Stemann (BAM) and Ludwig Hermann (Outotec). Owners of the patent are BAM – Federal Institute 

of Materials Testing and Research (Germany) and Outotec Oy (Finland). 

Exploitation and market implementation are strongly depending on the legal framework, enabling or 

hampering this type of nutrient recovery. Therefore, the current discussion of coming requirements 

as intended in Switzerland and Germany may provide real opportunities for this patent to be really 

exploited. Also the roadmap of the EC towards a circular economy including nutrient recycling is a 

promising factor to enable exploitation within Europe. But even on global scale and especially in 

regions with acidic soils (tropical), this technology appears to be a sound option for nutrient 

recycling from P rich incineration ashes. 

Besides that patent, another patentable output had been identified: the Online Soil Biomonitor 

developed by LimCo International GmbH and based upon the Multispecies Freshwater Biomonitor 

(MFB) already IP protected as “Umweltsensor”. 

A protocol has been developed how to operate the Biomonitor with soil organisms. Test chambers 

and arrangement of those ha to be adapted as well as signal output from the MFB, which was 

originally developed for freshwater application. 

One of the most effective opportunities to increase the impact and to exploit the project results is the 

active presentation at conferences and much more, at target group stakeholder events. The 

coordinator and representatives of the involved partners made good use of this option and established 

a very high recognition for the project P-REX within the P-recycling community and stakeholders 

from science, policy and industry. The results of the project are definitely regarded as direct input for 

coming policies in the field of resource management and the establishment of a circular economy, in 

specific the definition of quality and End-of-Waste criteria for recovered (secondary, renewable) 

nutrients from various waste materials. It can be said, that some of project partners are already 

considered policy advisors with expertise in the field of sustainable P use management, risk 

assessment and representatives of the practice perspective. 

Representatives of the consortium have not only been invited to conferences, but also to “hearings” 

organized by political bodies like DG GROW of the EC, in Germany to the LAGA federal working 

group P Recycling, local authorities and associations, and industrial branch organizations like 

Fertilizers Europe, DWA, VKU, IFA, IFS, IFDC. 
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 Strategic meeting with the Senate’s DGs ENT and ENV in Berlin  29 Nov 2013 

 Closed session with DG ENT at ManuREsource conference in Bruges  05 Dec 2013 

 Meeting with LAGA sub WG “plant nutrition” in Berlin    27 Jan 2014 

 Hearing with DG ENT, DG ENV and Fertilizers Europe in Brussels  06 Feb 2014 

 Meeting with LAGA WG on German P Strategy in Frankfurt   17 Feb 2014 

 Region Bretagne circular economy of bio-nutrients workshop organised  

    by DG GROW         7-9 Jun 2014 

 Policy briefing DG ENV of Lower Saxony     26 Aug 2014 

 Briefing German National Investment Bank (KfW)    29 Sep 2014 

 “Concrete Measures” briefing at BMUB (German DG ENV)   15 Oct 2014 

 Briefing of German Municipalities (Städtetag) on sludge valorisation  10 Nov 2014 

 Briefing of German private waste and recycling association (BDE)  03 Dec 2014 

 Briefing of BMWi (German Ministry of Economic Affairs)   08 Dec 2014 

 Briefing of organic farming stakeholders      19 Mar 2015 

 Briefing of VKU (public waste disposal and recycling companies)  12 May 2015 

 Final Intl. P-REX results presentation at WATERNET (NL)   11 Jun 2015 

 IFS Technical Conference (Fertilizer Industry)     23 Jun 2015 

 Policy briefing at DG GROW with DGs ENV, AGRI, R&I   28 Aug 2015 

 G7 Alliance for Resource Efficiency at BMWi     02 Oct 2015 

 IFA/IFDC P fertilizer manufacturing training     05 Oct 2015 

 Official hearing on the new draft of Sewage Sludge ordinance   13 Oct 2015 

The results will be considered in the revision of the EU fertilizer regulation (EC 2003/2003), the 

development of Sustainable P Strategies, definition of the state-of-the-art recovery and recycling 

technologies and value chains etc. 

P-REX gave input to and was cited in the science for environment policy in-depth report issue 7 

(October 2013)
3
 as well as in the well recognised  Delivering The Circular Economy - A Toolkit For 

Policymakers
4
 edited by the Ellen Mac Arthur Foundation in June 2015. 

 

Website, promotional material and articles 

Besides the logo, the project website, presentation templates, the short animated film and flyers were 

already launched in an early stage of the project. In period 2, additional material and tools have been 

produced. The eMarket – a non-commercial matchmaking online platform had been launched and 

promoted with a short video clip. To sustain and operate it beyond the duration of P-REX, the 

eMarket was incorporated into the ESPP website: http://e-market.phosphorusplatform.eu/ . 

Additional roll-up banners to promote and increase visibility have been produced from outside the P-

REX budget. Within the budget was the production of a brief eMarket promotion/introduction video 

and flyer. 

 

                                                           
3 Science Communication Unit, University of the West of England, Bristol (2013). Science for Environment Policy In-depth Report: Sustainable   

   Phosphorus Use. Report produced for the European Commission DG Environment, October 2013. Available at:  

   http://ec.europa.eu/science-environment-policy 
4
 http://www.ellenmacarthurfoundation.org/publications/delivering-the-circular-economy-a-toolkit-for-policymakers 

http://e-market.phosphorusplatform.eu/
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Figure 20: Example for slide promoting animated film 

 

 

 

 

 

 

 

 

 

 

Figure 21: P-REX eMarket flyer 

Together with the 350 print copies of the P-REX policy brief, the Process Factsheets, the eMarket 

flyer has been distributed to participants of the 2
nd

 European Sustainable Phosphorus Conference in 
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Berlin providing maximum awareness achievable. Most relevant deliverables and materials have 

been put online in the download section at www.p-rex.eu. Any update since Sep 2014 had been 

announced via Twitter (@P_RecoRecy), LinkedIn and multiple other networks and channels of 

existing topic related initiatives and platforms. Most important here were the:  

ESPP – European Sustainable Phosphorus Platform: www.phosphorusplatform.eu 

NNP – Dutch Nutrient Platform: www.nutrientplatform.org and the P-REX co-initiated 

DPP – German Phosphorus Platform: www.deutsche-phosphor-plattform.de 

Key events of P-REX were also disseminated by press releases and newsletter articles. Most 

important here the SCOPE, the newsletter of the European Sustainable Phosphorus Platform (ESPP) 

with more than 60,000 subscribers world-wide and more than 10,000 downloads per issue. 

The P-REX website itself is well frequented and serves as material provider for public deliverables 

and material. The priority mailing list contains 64 media contacts and active stakeholders as follows: 

57 from science, 75 from industry and 90 from policy and NGOs.  It is advertised at any occasion 

and external P-REX presentation (through PPT template). 

 

Figure 22: P-REX website traffic statistics for 2015 (screenshot) 

The utilization and recognition of the website is very good for this kind of specific topic. By now, 

visitors from 62 countries have seen the website. In early 2014, the monthly average of >1400 

different visitors has been achieved. This was nearly doubled in 2015 with a peak of 2761 in 

September. Most of them check the website frequently and at least twice a month (>5,000 

visits/month, peak in September: 6951 visits). 44% of the visits occur by direct access/entry, the 

remaining 56% are directed from search engines and others. The content is updated frequently by the 

coordinator and maintained until March 2016. The coordinator has the intention to keep the URL 

alive and to keep the key deliverables available for download in the future. If business allows, the 

URL will also serve as the website of a private company spin-off P-REX ENVIRONMENT. 

http://www.p-rex.eu/
http://www.phosphorusplatform.eu/
http://www.nutrientplatform.org/
http://www.deutsche-phosphor-plattform.de/
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Since more and more results of the project became available, efforts were intensified to disseminate 

and exploit them at conferences, workshops and by publishing in relevant, target group journals. A 

full list of dissemination activities in project is presented in the ECAS report template. 

 

Organization of brokerage events per type of targeted audience 

Due to close cooperation with many other platforms, initiatives and projects, P-REX events were 

effectively coordinated with international topic related events and workshops. 

Besides the events listed before, the regional workshops, a summer school and a webinar were 

conducted. 

 Regional workshop with local/regional farmers, fertilizer retailers and authorities in Berge 21 

August 2014 

 The summer school planned for 40 students, PhD students and young professionals 

organized and held by FHNW from 10-12 September in Basel, right the week after the 

Sustainable P Summit in Montpellier the week before, enabling even PhD students from 

Australia to participate. 

 Regional workshops with same targeted participants were organised in Germany, 

Switzerland and Czech Republic in August and September  2014 

 A joint Nutrient Recycling workshop was organised by P-REX, ESPP and DG R&I the day 

before the 2
nd

 European Sustainable Phosphorus Conference in Berlin 

 The coordinator initiated the ESPC2 to be organized in Berlin in 2015 and was in charge for 

the program management. The P related platforms provided support and external fund 

raising. 

 The final international conference was organised at WATERNET in Amsterdam, providing 

best achievable impact of the results presentation and discussion with more than 70 

stakeholders from Industry, science and policy. 

 A webinar was organised together with ESPP and Bluetech Research providing recent 

information about recovery technologies and their market exploitation. More than 30 

stakeholders, mainly from industry participated.  

All events were targeted to spread knowledge on existing P recovery and recycling technologies and 

value chains to promote further replication and market development. Focus was laid upon the state of 

play and how to bridge the gap from the supply side of recovered phosphorus towards the application 

(recycling) in agriculture. 

Links to other projects/initiatives 

The project P-REX was and still is extensively linked with other European and national projects or 

initiatives, in order to foster synergies between the undertakings and avoid duplication of efforts or 

conflicts. 

 

Nutrient Platforms 

As already mentioned, P-REX was deeply involved in the activities of the European Sustainable 

Phosphorus Platform. The coordinator is also member of the ESPP steering committee and special 

envoy of the German Phosphorus Platform (DPP). Both, the European and the national platforms 

(Dutch Nutrient Platform and the Flemish Nutrient Platform as well) not only target for better 

coordination of Phosphorus Stewardship related research and market implementation activities, but 
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also push the public awareness rising and adaption of political agendas. Together with ESPP and 

DPP, P-REX has co-organized the 2
nd

 European Sustainable Phosphorus Conference (ESPC-2) in 

March 2015 in Berlin. The foundation of a CZ nutrient platform is initiated and led by ASIO. 

Branch Organizations 

Excellent contacts and intense discussion with Fertilizers Europe and selected fertilizer 

manufacturers allowed the consortium to profit from their technological, but also market experience. 

Selected European fertilizer manufacturers were and still are highly interested in an alternative route 

for P recycling – the substitution of phosphate rock by recovered phosphorus from the wastewater 

stream in conventional fertilizer production. Here, especially ashes from mono-incinerated sludge are 

in discussion to serve as sustainable feed for fertilizer producers. Depending on the quality and 

extent of data provided, this alternative route might be included in the assessments and comparison. 

Farmers Associations 

The involvement of end-users is considered crucial for the successful market implementation of 

novel technologies and products. Since most P recovery and recycling approaches aim at yielding 

fertilizing material, the potential applicants, the farmers have to be closely involved. Close contact to 

the European Farmers association Copa-Cogeca and several national organizations including organic 

farming organization (i.e. Deutscher Bauernverband, Bioland e. V., IFOAM EU TPOrganics) 

enabled us to increase the impact of the project’s outcomes into the demand side direction. These 

activities will be continued even without concrete projects. 

European Commission and national Governments 

The experience and knowledge compiled within the P-REX consortium was highly recognised 

among different actors of the commission. P-REX partners were invited to stakeholder meetings and 

workshops organized by ESPP and/or DG ENVIRONMENT (contact Francesco Presicce) and DG 

GROW (contact Eric Liegeois).  

P-REX submitted a reply to the commission’s consultation on circular economy in August 2015 and 

provided numerous inputs to other legal issues like the definition of End-of-Waste criteria, best 

available techniques for nutrient recovery and recycling. 

These information and especially the process performances and risk assessment results will provide a 

sound data base for JRC and DG GROW, being responsible for the revision and adaption of the EU 

fertilizer regulation (EC 2003/2003) within the circular economy package of the commission.  

The policy brief has been intensively discussed at DG GROW involving the DGs ENV, AGRI and 

R&I, as well as branch organisations and stakeholders. 

The coordinator is also advisor of the federal working group developing a national strategy for a 

more sustainable use of phosphorus in Germany. 

P-REX provided also substantial input for the 7
th

 issue of the Science for Environment Policy in-

depth report: Sustainable Phosphorus Use and the in June 2015 published Bluetech Research nutrient 

recycling market report. 
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Projects and initiatives funded by the European Commission 

The coordinator (KWB) and WA5 leader (FHNW) actively pursued the development of links to 

other FP7 / HORIZON 2020 /Life + and Interreg projects and initiatives. Besides a good developed 

information exchange between the different projects and initiatives, members of other projects were 

always invited to participate and actively present at P-REX events.  

It occurred, that the coordinator was approached by a Spanish fertilizer company to join a consortium 

in an H2020 BBI project, which was successfully proposed and granted. The duration of NewFert is 

from July 2015 to December 2018. This and the good contacts to another Spanish project, PhorWater 

(Life+) provide the opportunity to foster P recovery and recycling in SW Europe, compensating the 

cancelled workshop initially planned for the region of Aragon. 

The LCA specialists of P-REX have been invited to present their experience at a RECOPHOS 

workshop in February 2014 on LCA methodologies and organised a LCA experts training workshop 

for the application of LCA in the nutrient recovery from wastewater sector in February 2015 in 

Berlin. The workshop was so fruitful, that the decision for a biannual replication was taken. The next 

WS will be organised in Darmstadt. 

Furthermore, P-REX has joined the newly established BIOREFINE Cluster Europe, initiated by the 

Interreg IVB BIOREFINE project under the leadership of the University of Ghent 

(www.biorefine.eu). The follow-up is underway. 

 

 

http://www.biorefine.eu/
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Section A (public) The following tables and form are of better quality if directly extracted from the ECAS / SESAM online platform or 

the final report directly generated from the online form. 

 

TABLE A1: LIST OF SCIENTIFIC (PEER REVIEWED) PUBLICATIONS, STARTING WITH THE MOST IMPORTANT ONES 

NO. Title 
Main 

author 

Title of the 
periodical 

or the 
series 

Number, date or 
frequency 

Publisher 
Place of 

publication 
Year of 

publication 
Relevant 

pages 

Permanent 
identifiers5  

(if available) 

Is/Will open 
access6 

provided to 
this 

publication? 

1 
Phosphorus management in 
Europe in a changing world 

Oscar 
F.Schoumans 
et al. 

Ambio 
 Vol. 44 Issue S2 
01/03/2015 

Allen Press 
Inc. 

United States 2015  pp. 180 - 192 
DOI 
10.1007/s1328 0-
014-0613-9 

yes 

2 

Toxic potential of different types 
of sewage sludge as fertiliser in 
agriculture: eco-toxicological 
effects on aquatic and soil 
indicator species 

Nadja 
Rastetter and 
Almut 
Gerhardt 

Journal of 
Soils and 
Sediments 

 Vol. 15 Issue 3 
01/03/2015 

Ecomed 
Publishers 

Germany 2015  pp. 565-577 
DOI 
10.1007/s1136 8-
014-1031-0 

no 

3 

From wastewater to fertilisers 
— Technical overview and 
critical review of European 
legislation governing 
phosphorus recycling 

Sirja Hukari 
et al. 

Science of 
the Total 
Environment 

 Vol. 542 Elsevier Netherlands 2016  1127 - 1135 
DOI 
10.1016/j.sci 
totenv.2015.09.064 

no 

4 

Sewage sludge ash - A 
promising secondary 
phosphorus source for fertilizer 
production 

Hannes 
Herzel et al. 

Science of 
the Total 
Environment 

 Vol. 542 Elsevier Netherlands 2016 1135 - 1143 
DOI 
10.1016/j.sci 
totenv.2015.08.059 

no 

5 

Phosphorrückgewinnung im 
Rahmen der Klärschlammbe-
hand-lung - das EU Projekt 
P-REX 

Jan Stemann 
et al. 

Energie aus 
Abfall 

 11 
Thome-
Kozmiensky 
Verlag 

Germany 2014  pp. 749 - 766  no 

                                                           
5 A permanent identifier should be a persistent link to the published version full text if open access or abstract if article is pay per view) or to the final manuscript accepted for publication (link to 

article in repository).  
6 Open Access is defined as free of charge access for anyone via Internet. Please answer "yes" if the open access to the publication is already established and also if the embargo period for open 

access is not yet over but you intend to establish open access afterwards. 

 



45 

 

6 
Opportunities for advanced 
phosphorus recovery from 
wastewater in Europe 

Christian 
Kabbe 

Bornimer 
agrartechnis 
che Berichte 

86 
ATP 
Potsdam 

Germany 2014 pp. 40 - 51  no 

7 

Thermochemische Verfahren 
zur Dünge 
mittelherstellung im EU-Projekt 
P-REX 

Hannes 
Herzel et al. 

Bornimer 
agrartechnis 
che Berichte 

86 
ATP 
Potsdam 

Germany 2014 pp. 65 - 72  no 

8 

The Limited Resources of 
Phosphorus and 
How to Close the Phosphorus 
Cycle 

Christian 
Kabbe 

Factor X Vol. 30 
Springer 
Netherlands 

Netherlands 2013 pp. 261 - 273 
DOI 
10.1007/978-9 4-
007-5712-7_17 

no 

9 

Review of promising methods 
for phosphor 
us recovery and recycling from 
wastewater 

Christian 
Kabbe et al. 

Procedings 
International 
Fertiliser 
Society 

763 
International 
Fertiliser 
Society 

United 
Kingdom 

2015 pp. 1-29 
ISBN 978-0-
85310-400-1 

no 
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Section B (Confidential
7
 or public: confidential information to be marked clearly) 

Part B1  

 

The applications for patents, trademarks, registered designs, etc. shall be listed according to the template B1 provided hereafter.  

 

The list should, specify at least one unique identifier e.g. European Patent application reference. For patent applications, only if applicable, 

contributions to standards should be specified. This table is cumulative, which means that it should always show all applications from the 

beginning until after the end of the project.  

 

 
 

TEMPLATE B1: LIST OF APPLICATIONS FOR PATENTS, TRADEMARKS, REGISTERED DESIGNS, ETC. 

Type of IP 
Rights8:   

Confidential  
Click on 
YES/NO 

Foreseen 
embargo date 
dd/mm/yyyy 

Application 
reference(s) (e.g. 

EP123456) 
Subject or title of application 

Applicant (s) (as on the application) 
 

Patent NO 13/05/2115 DE102014108199B3 

Process for citrate soluble  
phosphates by calcination of 
secondary phosphate 
sources with a sodium-
sulfuric compound 

BAM Federal Institute of Materials Research and Testing  
Outotec (Finland) Oy 

 
  

                                                           
7
 Note to be confused with the "EU CONFIDENTIAL" classification for some security research projects. 

 
8
 A drop down list allows choosing the type of IP rights: Patents, Trademarks, Registered designs, Utility models, Others. 
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Part B2  
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In addition to the table, please provide a text to explain the exploitable foreground, in particular: 
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4.3 Report on societal implications 

 

Replies to the following questions will assist the Commission to obtain statistics and 

indicators on societal and socio-economic issues addressed by projects. The questions are 

arranged in a number of key themes. As well as producing certain statistics, the replies will 

also help identify those projects that have shown a real engagement with wider societal issues, 

and thereby identify interesting approaches to these issues and best practices. The replies for 

individual projects will not be made public. 

 
 

A General Information (completed automatically when Grant Agreement number is 

entered. 

Grant Agreement Number: 
 
308645 

Title of Project: 
 
P-REX – Sustainable sewage sludge management fostering 

phosphorus recovery and energy efficiency 
Name and Title of Coordinator: 

 
Dr. Christian Kabbe 

B Ethics  

 
1. Did your project undergo an Ethics Review (and/or Screening)? 

 

 If Yes: have you described the progress of compliance with the relevant Ethics 

Review/Screening Requirements in the frame of the periodic/final project reports? 

 

Special Reminder: the progress of compliance with the Ethics Review/Screening Requirements should be 

described in the Period/Final Project Reports under the Section 3.2.2 'Work Progress and Achievements' 

 

 

 
0Yes 1No 

2.      Please indicate whether your project involved any of the following issues (tick 

box) : 

No 

RESEARCH ON HUMANS 

 Did the project involve children?  No 

 Did the project involve patients? No 

 Did the project involve persons not able to give consent? No 

 Did the project involve adult healthy volunteers? No 

 Did the project involve Human genetic material? No 

 Did the project involve Human biological samples? No 

 Did the project involve Human data collection? No 

RESEARCH ON HUMAN EMBRYO/FOETUS 

 Did the project involve Human Embryos? No 

 Did the project involve Human Foetal Tissue / Cells? No 

 Did the project involve Human Embryonic Stem Cells (hESCs)? No 

 Did the project on human Embryonic Stem Cells involve cells in culture? No 

 Did the project on human Embryonic Stem Cells involve the derivation of cells from Embryos? No 

PRIVACY 

 Did the project involve processing of genetic information or personal data (eg. health, sexual 

lifestyle, ethnicity, political opinion, religious or philosophical conviction)? 

No 

 Did the project involve tracking the location or observation of people? No 

RESEARCH ON ANIMALS 

 Did the project involve research on animals? No 

 Were those animals transgenic small laboratory animals? No 

 Were those animals transgenic farm animals? No 
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 Were those animals cloned farm animals? No 

 Were those animals non-human primates?  No 

RESEARCH INVOLVING DEVELOPING COUNTRIES 

 Did the project involve the use of local resources (genetic, animal, plant etc)? No 

 Was the project of benefit to local community (capacity building, access to healthcare, education 

etc)? 

No 

DUAL USE   

 Research having direct military use 0 Yes 1 No 

 Research having the potential for terrorist abuse No 

C Workforce Statistics  

3.       Workforce statistics for the project: Please indicate in the table below the number of 

people who worked on the project (on a headcount basis). 

Type of Position Number of Women Number of Men 

Scientific Coordinator   0  1 

Work package leaders  2  4 

Experienced researchers (i.e. PhD holders)  3  10 

PhD Students  1  1 

Other  24  17 

4. How many additional researchers (in companies and universities) were 

recruited specifically for this project? 

2 

Of which, indicate the number of men:  

 

1 
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D   Gender Aspects  

5.        Did you carry out specific Gender Equality Actions under the project? 

 

 
x 

Yes 

No  

6. Which of the following actions did you carry out and how effective were they?  

   Not at all 

 effective 

   Very 

effective 

 

   Design and implement an equal opportunity policy      
   Set targets to achieve a gender balance in the workforce      
   Organise conferences and workshops on gender      
  x Actions to improve work-life balance    x  
   Other:  

7. Was there a gender dimension associated with the research content – i.e. wherever people were 

the focus of the research as, for example, consumers, users, patients or in trials, was the issue of gender 

considered and addressed? 

   Yes- please specify  

 

  x No  

E Synergies with Science Education  

8.        Did your project involve working with students and/or school pupils (e.g. open days, 

participation in science festivals and events, prizes/competitions or joint projects)? 

  x Yes- please specify  

                                 Summer school 2014 

   No 

9. Did the project generate any science education material (e.g. kits, websites, explanatory 

booklets, DVDs)?  

  x Yes- please specify  

                                Animated film 2013 

   No 

F Interdisciplinarity  

10.     Which disciplines (see list below) are involved in your project?  

  x Main discipline
9
: 1.4 Earth and related environmental sciences 

  x Associated discipline
9
:  

2.1 Civil Engineering 

x   Associated discipline
9
: 

4.1 Agriculture, forestry, fisheries and allied sciences 

G Engaging with Civil society and policy makers 

11a        Did your project engage with societal actors beyond the research 

community?  (if 'No', go to Question 14) 

x 

 

Yes 

No  

11b If yes, did you engage with citizens (citizens' panels / juries) or organised civil society 

(NGOs, patients' groups etc.)?  

   No 

  x Yes- in determining what research should be performed  

  x Yes - in implementing the research  

  x Yes, in communicating /disseminating / using the results of the project 

                                                           
9 Insert number from list below (Frascati Manual). 
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11c In doing so, did your project involve actors whose role is mainly to 

organise the dialogue with citizens and organised civil society (e.g. 

professional mediator; communication company, science museums)? 

x 
 

Yes 

No  

12.    Did you engage with government / public bodies or policy makers (including international 

organisations) 

   No 

   Yes- in framing the research agenda 

   Yes - in implementing the research agenda 

  x Yes, in communicating /disseminating / using the results of the project 

13a Will the project generate outputs (expertise or scientific advice) which could be used by 

policy makers? 

  x Yes – as a primary objective (please indicate areas below- multiple answers possible) 

   Yes – as a secondary objective (please indicate areas below - multiple answer possible) 

   No 

13b  If Yes, in which fields? 

Agriculture  

 
 

 

 

 

 

 

 

 

 

 

 

  
Enterprise  

Environment  

Food Safety  

 

 

 

 

 

 

 

 

 

 

 

 

Internal Market  
Public Health  

Regional Policy  

Research and Innovation  

 

 

 

 

 

 

 

 

 

 

 

 

http://europa.eu/pol/agr/index_en.htm
http://europa.eu/pol/enter/index_en.htm
http://europa.eu/pol/env/index_en.htm
http://europa.eu/pol/food/index_en.htm
http://europa.eu/pol/singl/index_en.htm
http://europa.eu/pol/health/index_en.htm
http://europa.eu/pol/reg/index_en.htm
http://europa.eu/pol/rd/index_en.htm
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13c   If Yes, at which level? 

  x Local / regional levels 

  x National level 

  x European level 

   International level 

H Use and dissemination  

14.    How many Articles were published/accepted for publication in 

peer-reviewed journals?  

9 

To how many of these is open access
10

 provided? 1 

       How many of these are published in open access journals? 0 

       How many of these are published in open repositories? 0 

To how many of these is open access not provided? 8 

       Please check all applicable reasons for not providing open access:  

       x publisher's licensing agreement would not permit publishing in a repository 

        no suitable repository available 

        no suitable open access journal available 

        no funds available to publish in an open access journal 

       x lack of time and resources 

        lack of information on open access 

        other
11

: …………… 

 

15. How many new patent applications (‘priority filings’) have been made?  
("Technologically unique": multiple applications for the same invention in different 

jurisdictions should be counted as just one application of grant). 

1 

16. Indicate how many of the following Intellectual 

Property Rights were applied for (give number in 

each box).   

Trademark 0 

Registered design  0 

Other 0 

17.    How many spin-off companies were created / are planned as a direct 

result of the project?  

0 

Indicate the approximate number of additional jobs in these companies:  

18.   Please indicate whether your project has a potential impact on employment, in comparison 

with the situation before your project:  
  Increase in employment, or x In small & medium-sized enterprises 

 x Safeguard employment, or  x In large companies 

  Decrease in employment,   None of the above / not relevant to the project 

  Difficult to estimate / not possible to quantify    

19.   For your project partnership please estimate the employment effect 

resulting directly from your participation in Full Time Equivalent (FTE = 

one person working fulltime for a year) jobs: 

 

Indicate figure: 

 

15 

 

 

                                                           
10 Open Access is defined as free of charge access for anyone via Internet. 
11

 For instance: classification for security project. 



65 

 

 

 

Difficult to estimate / not possible to quantify 

 

 

 

I Media and Communication to the general public  

20. As part of the project, were any of the beneficiaries professionals in communication or 

media relations? 

   Yes x No 

21. As part of the project, have any beneficiaries received professional media / communication 

training / advice to improve communication with the general public? 

  x Yes  No 

22 Which of the following have been used to communicate information about your project to 

the general public, or have resulted from your project?  

 x Press Release x Coverage in specialist press 

  Media briefing  Coverage in general (non-specialist) press  

  TV coverage / report  Coverage in national press  

 x Radio coverage / report x Coverage in international press 

 x Brochures /posters / flyers  x Website for the general public / internet 

 x DVD /Film /Multimedia x Event targeting general public (festival, conference, 

exhibition, science café) 

23 In which languages are the information products for the general public produced?  

 x Language of the coordinator x English 

 x Other language(s) (subtitle for animated film)   

 
 

 

Question F-10: Classification of Scientific Disciplines according to the Frascati Manual 2002 (Proposed 

Standard Practice for Surveys on Research and Experimental Development, OECD 2002): 

 

FIELDS OF SCIENCE AND TECHNOLOGY 

 
1. NATURAL SCIENCES 

1.1  Mathematics and computer sciences [mathematics and other allied fields: computer sciences and other 

allied subjects (software development only; hardware development should be classified in the 

engineering fields)] 

1.2 Physical sciences (astronomy and space sciences, physics and other allied subjects)  

1.3 Chemical sciences (chemistry, other allied subjects) 

1.4  Earth and related environmental sciences (geology, geophysics, mineralogy, physical geography and 

other geosciences, meteorology and other atmospheric sciences including climatic research, 

oceanography, vulcanology, palaeoecology, other allied sciences) 

1.5 Biological sciences (biology, botany, bacteriology, microbiology, zoology, entomology, genetics, 

biochemistry, biophysics, other allied sciences, excluding clinical and veterinary sciences) 

 

2 ENGINEERING AND TECHNOLOGY 

2.1 Civil engineering (architecture engineering, building science and engineering, construction engineering, 

municipal and structural engineering and other allied subjects) 

2.2 Electrical engineering, electronics [electrical engineering, electronics, communication engineering and 

systems, computer engineering (hardware only) and other allied subjects] 

2.3. Other engineering sciences (such as chemical, aeronautical and space, mechanical, metallurgical and 

materials engineering, and their specialised subdivisions; forest products; applied sciences such as 
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geodesy, industrial chemistry, etc.; the science and technology of food production; specialised 

technologies of interdisciplinary fields, e.g. systems analysis, metallurgy, mining, textile technology 

and other applied subjects) 

 

3. MEDICAL SCIENCES 

3.1  Basic medicine (anatomy, cytology, physiology, genetics, pharmacy, pharmacology, toxicology, 

immunology and immunohaematology, clinical chemistry, clinical microbiology, pathology) 

3.2 Clinical medicine (anaesthesiology, paediatrics, obstetrics and gynaecology, internal medicine, surgery, 

dentistry, neurology, psychiatry, radiology, therapeutics, otorhinolaryngology, ophthalmology) 

3.3 Health sciences (public health services, social medicine, hygiene, nursing, epidemiology) 

 

4. AGRICULTURAL SCIENCES 

4.1 Agriculture, forestry, fisheries and allied sciences (agronomy, animal husbandry, fisheries, forestry, 

horticulture, other allied subjects) 

4.2 Veterinary medicine 

 

5. SOCIAL SCIENCES 

5.1 Psychology 

5.2 Economics 

5.3 Educational sciences (education and training and other allied subjects) 

5.4 Other social sciences [anthropology (social and cultural) and ethnology, demography, geography 

(human, economic and social), town and country planning, management, law, linguistics, political 

sciences, sociology, organisation and methods, miscellaneous social sciences and interdisciplinary , 

methodological and historical S1T activities relating to subjects in this group. Physical anthropology, 

physical geography and psychophysiology should normally be classified with the natural sciences]. 

 

6. HUMANITIES 

6.1 History (history, prehistory and history, together with auxiliary historical disciplines such as 

archaeology, numismatics, palaeography, genealogy, etc.) 

6.2 Languages and literature (ancient and modern) 

6.3 Other humanities [philosophy (including the history of science and technology) arts, history of art, art 

criticism, painting, sculpture, musicology, dramatic art excluding artistic "research" of any kind, 

religion, theology, other fields and subjects pertaining to the humanities, methodological, historical and 

other S1T activities relating to the subjects in this group]  

 

 


