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12.1. Introduction on Reducing environmental impact – Nutrient removal and 
recovery 

12.1.1. These techniques concern the issue 

Reducing environmental impact by nutrient removal and recovery. This chapter is closely 
related to Chapter 3 that describes technologies to enhance the chemical quality of 
irrigation water.  

12.1.2.  Regions 

All EU regions. 

12.1.3.  Crops in which the issue is relevant 

This is not crop specific since it considers general concerns of effluent management and 
nutrient removal and recovery from effluents. 

12.1.4.  Cropping type 

All cropping types. 

12.1.5.  General description of the issue 

The adoption of fertigation was an important forward step to optimise both water and 
nutrient use efficiency in horticultural crops. Nevertheless, appreciable environmental 
impacts have been observed in regions where fertigation is used intensively. As an example, 
in the Flemish and Dutch soilless greenhouse areas, the threshold value for nitrate of 50 
mg/L is frequently exceeded in nearby surface water bodies.  

A survey conducted in the FERTINNOWA project (http://www.fertinnowa.com/project/) 
showed that drainage water from soilless cropping is usually collected in some European 
Member States, especially in North-west countries such as Belgium, The Netherlands, and 
the northern part of France. In recent decades, numerous research activities have been 
undertaken to develop technologies for nutrient removal and the recovery of some 
nutrients present in discharged drainage water. In this way, the environmental impact of 
fertigation practices could be appreciably reduced.  

The problems associated with the emission of nutrients concern mostly eutrophication and 
nitrate contamination of aquifers.  Eutrophication is a particular problem where nutrients 
from soilless systems enter surface water. Figure 12-1 provides an overview of the discharge 
of nutrient to surface water and of the possibility of nutrient recovery associated with 
closed soilless growing systems. 
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Figure 12-1. Schematic approach of a closed water system in (greenhouse) horticulture 

 Sub-issue A: Specific legislation regarding use of recovered nutrients 12.1.5.1.

Iron Oxide Coated Sand (IOCS) can be used to adsorb P from drainage water.  IOCS is a 
byproduct of water treatment plants. To be used as a resource for a specific application, a 
raw material declaration is needed (Waste Framework Directive (2008-98-EC). 

 Sub-issue B: Need for business models 12.1.5.2.

There is a need for business models regarding end-of-pipe solutions. Removal of nutrients is 
costly and usually requires appreciable investment and operational costs. Consequently, it is 
very useful to make available sound business models that inform growers of the costs and 
benefits associated with using these technologies, such as the extra costs, the possible 
fertiliser savings associated with nutrient recovery, and to explore the options of fixed on-
site, mobile or collective end-of-pipe solutions.  

 Sub-issue C: Need for a long-term demonstration of the nutrient recovery 12.1.5.3.
technologies 

Most of the technologies that enhance nutrient recovery are still in the research phase. 
There is a need for long-term field tests and demonstrations to evaluate the regenerated 
fertilisers obtained.  

As transport of recovered fertilisers is expensive and also would require additional 
legislation, it is likely that recovered nutrients would be applied at the farm from where they 
were recovered.  

 Sub-issue D: Other contaminants and need for a holistic approach 12.1.5.4.

In addition to water use, the emission of nutrients and of plant protection products (PPP) to 
the environment are amongst the most important environmental issues associated with 
agriculture in Europe. Most of the technologies for removing nutrients and PPPs are end-of-
pipe solutions that generally focus on the removal of specific nutrients e.g. N or P, or of 
PPPs. For end-of-pipe solutions, a more holistic approach would be beneficial because 
generally a range of discharge criteria must be satisfied to ensure good water quality e.g. 
chemical oxygen demand (COD), PPP, N, P, Na, Cl etc.  

(Na and Cl removal) 

Na and Cl accumulation 
Na, Cl, Fe, Mn 
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Various different types of treatments for limiting the emission and environmental impact of 
PPPs are available and are based on principles such as oxidation, adsorption or retention. 
Depending on the actual situation, there is a wide range of considerations concerning the 
effectiveness, safety and economy of different systems and technologies when used in a 
greenhouse or on a farm. Some highly effective systems have been shown to be costly and 
difficult to use and to require qualified personnel for both installation and maintenance.   

In some EU member states, such as The Netherlands, where the Water Framework Directive 
(WFD) requirements are being increasingly applied, these types of treatment options 
already appear to be providing effective solutions. From the beginning of 2018, the on-farm 
use of a treatment technology to remove 95-99% of PPPs from drain water is compulsory in 
The Netherlands. Other member states, such as Belgium, are expected to follow this 
practice. In Work Package 4 (Deliverable 4.2) of the FERTINNOWA project 
(http://www.fertinnowa.com/project/), the removal of PPPs from drain water with new and 
integrated technologies is being examined. 

When considering the increasingly strict requirements and standards for the quality of drain 
water, the need for a holistic approach is evident.  When growers are offered end-of-pipe 
solutions, those solutions ideally should meet all discharge criteria. Also, an integrated 
solution in which drain water is collected and recirculated, so that nutrients are retained 
and the emission of PPPs is avoided, is a preferable option where it can be achieved, to the 
use of end-of-pipe solutions. 

12.1.6. Brief description of the socio-economic impact of the issue 

Chapter 1, section 1.7 described, in some detail, the environmental impacts of fertigated 
crops. In case of soil grown crops, excessive irrigation and N fertiliser application can 
contribute to nitrate contamination of aquifers. In soilless grown crops with recirculation, a 
surprising amount of drain water is discharged. Flemish and Dutch publications indicate that 
5-10% of the nutrient solution is discharged per year from soilless systems with 
recirculation. Where the discarded recirculated nutrient solution is discharged into the 
surface water this can result in appreciable environmental impact. A Dutch study estimated 
that the Dutch soilless greenhouse sector discharges 1300 tonnes N, 200 tonnes P and 1134 
kg PPPs/year (Beerling, 2014).  

During the last decades, some research initiatives have been conducted to investigate the 
technical and economic feasibility of end-of-pipe solutions. The implementation of end-of-
pipe solutions will involve dealing with a series of socio-economic issues:  

 A “mind shift” of the growers will be required as growers will have to pay additional 
attention to the treatment of a “wastewater stream” 

 At the moment, growers are not sufficiently aware of the potential value of 
discharged drain water. Drain water will have a residual value for both the nutrients 
contained as well as the value of the water itself. The value of the water will differ 
depending on the type of water source 

 Purging of wastewater can, depending on the specific situation, require appreciable 
investment. Recovery of (some) nutrients and on-site production of fertilisers might 
cover (part) of the investment and operational cost for these installations 
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12.1.7. Brief description of the regulations concerning the problem  

Some Directives and policy requirements have been developed by the European Union (EU) 
as well as the sector itself (e.g. certification schemes) that affect fertiliser use and irrigation 
in horticulture in the EU. Table 12-1 lists the most important directives and policy. 

Table 12-1. Overview of most important directives and policy that affect fertiliser use and irrigation in 
horticulture 

General legislation and policy Aim and comments 

Water Framework Directive (WFD), 
including the Nitrate Directive 

 

To achieve good qualitative and quantitative status of all water 
bodies 

Nitrate Directive: to protect water quality across Europe by 
preventing nitrates from agricultural sources polluting ground 
and surface waters and by promoting the use of proper 
farming practices 

Nitrate Directive Reduction of pollution from agricultural nitrogen 

Drinking Water Directive Mandates minimum health standards in water intended for 
human consumption, making linkages with other water-related 
policies 

12.1.8. Existing technologies to solve the issue/sub-issues 

Various “end-of-pipe” solutions are available for nutrient removal and recovery of specific 
nutrients from the drain or drainage water. The nutrient removal and recovery techniques 
include physio-chemical procedures such as adsorption media for phosphorus, 
electrochemical phosphorous precipitation, moving bed biofilm reactor, modified ion 
exchange, and biological approaches such as nutrient removal in constructed wetlands and 
the use of duckweed.  

12.1.9. Issues that cannot be solved currently 

 Sub-issue A: Specific legislation regarding use of recovered nutrients 12.1.9.1.

These should be reviewed on a case by case basis, depending on the nutrient and material 
used to recover the nutrient. In some cases, the legal context for the transport or use of 
these materials may not be clear.  

 Sub-issue B: Need for business models 12.1.9.2.

Specific business models are required. In general, tools are available to provide the required 
business models.  

 Sub-issue C: Need for a long-term demonstration of the nutrient recovery 12.1.9.3.
technologies 

Numerous demonstrations sites have been established throughout Europe. European 
projects or initiatives (like FERTINNOWA, Nuredrain, etc.), as well as numerous national 
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projects (Apropeau (Be), SOSpuistroom (Be), Glastuinbouw Waterproof (NL), etc.), are 
investigating and demonstrating end-of-pipe solutions.  

 Sub-issue D: Need for a holistic approach 12.1.9.4.

Most elements for a more holistic approach are available. They should be brought together 
and evaluated in a business model.  

12.1.10. References for more information  

[1] van Os, E., Jurgens, R., Appelman, W., Enthoven, N., Bruins, M., Creusen, R., 
Feenstra, L., Santos Cardoso, D. Meeuwsen, B., & Beerling, E. (2012) Technische en 
economische mogelijkheden voor het zuiveren van spuiwater. Wageningen UR Report GTB-
1205 
[2] Balendonck, J., Feenstra, L., Van Os, E. A., & Van der Lans, C. J. M. 
(2012). Glastuinbouw Waterproof: Haalbaarheidsstudie valorisatie van concentraatstromen 
(WP6) Fase 2-Desktop studie afzetmogelijkheden van concentraat als meststof voor andere 
teelten (No. 1204). Wageningen UR Glastuinbouw. 
[3] Berckmoes, E., Van Mechelen, M., Mechant, E., Dierickx, M., Vandewoestijne, E., 

Decombel, A., & Verdonck, S. (2013) Quantification of nutrient rich wastewater flows in 

soilless greenhouse cultivations. 

https://www.researchgate.net/publication/263354011_Quantification_of_nutrient_rich_wa

stewater_flows_in_soilless_greenhouse_cultivations  

[4] Lee, A., Enthoven, N., & Kaarsemaker, R. (2016) Best practice guidelines for 
greenhouse water management. Brochure of Grodan & Priva  
[5] Beerling, E. A. M., Blok, C., Van der Maas, A. A., & Van Os, E. A. (2013, June). Closing 
the water and nutrient cycles in soilless cultivation systems. In International Symposium on 
Growing Media and Soilless Cultivation, 1034 (pp. 49-55) 
[6] Morin, A., Katsoulas, N., Desimpelaere, K., Karkalainen, S., & Schneegans, A. (2017) 
Starting paper: EIP-AGRI Focus Group Circular Horticulture Retrieved from 
https://ec.europa.eu/eip/agriculture/sites/agri-eip/files/eip-
agri_fg_circular_horticulture_starting_paper_2017_en.pdf  
[7] Ruadales, R. E., Fisher, R. P., & Hall, C. R. (2017) The cost of irrigation sources and 
water treatment in greenhouse production. Irrigation Science, 35, 43-54 
[8] Stijger, H. (2017, December 04). Leren omgaan met oplopend natriumgehalte in de 
teelt. Retrieved from https://www.glastuinbouwwaterproof.nl/nieuws/leren-omgaan-met-
oplopend-natriumgehalte-in-de-teelt/    
[9] Voogt, W. Retrieved from Verzilting in de zuidwestelijke delta en de 
gietwatervoorziening glastuinbouw. http://edepot.wur.nl/13084       
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12.2. Summary of technologies subsequently presented in this chapter in individual technology descriptions (TDs) 

Technology 
(TD) 

Technology use Nutrients  Cost Strengths  Weaknesses Comments  

Adsorption 
media for P 

P removed, indirect 
recovery (has to be 
confirmed through 
research)  

Not available  Removing P 

Less post-processing 
required compared to 
physiochemical processes 

No additional chlorides 
disposal water by adsorption 

Norm of 1 mg PO4-P/l not met in case 
of higher P concentrations 

Waste production in case saturated 
grains cannot be applied as fertiliser  

  

This information is not yet 
available. It will be updated after 
showcasing the technology. This 
technology is still in the research 
phase.  

The potential of P saturated grains 
as fertiliser has to be investigated 
Specific legislation might be 
required 

 

Electrochemical 
phosphorus 
precipitation 
(ePhos®) 

Removing P from disposal 
water by precipitation, P 
removal, P recovery as 
struvite 

Specific Production cost 3,4 
€/kg P  

Energy 0,25 – 5 kWh/m3  

Modular configuration (easily 
expandable)  

On-site installation 

P concentration step is required (ion 
exchange) 

Specific regulations regarding trading of 
struvite 

This technology is still in the 
research phase.  

Lemna minor 
(Duckweed) 

Removal of N, P and other 
nutrients. Duckweed grows 
on the water surface and 
uses nutrients in that water 
to grow. Consequently, it 
consumes the amounts of 
nitrogen and phosphorous 
present  

Not available Algae prevention (through 
nutrient and light competition) 

Specific water quality requirements 

The risk for clogging of filters 

Harvesting required in case of 
excessive growth 

At this moment, there are no 
Lemna Duckweed cultures for 
sale however, they are available 
naturally 
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Technology 
(TD) 

Technology use Nutrients  Cost Strengths  Weaknesses Comments  

Moving Bed 
Biofilm Reactor 
(MBBR) 

Removal of N and organic 
matter 

5 to 10 k€ (13m³/day) Moving Bed Biofilm Reactor 
(MBBR) combines the 
benefits of both an activated 
sludge process and a fixed 
film process. It is based on 
the biofilm principle with an 
active biofilm growing on a 
small specially designed 
plastic carriers-the threshold 
value of 50 mg O3/l is met  

-compact installation 

-simple operation 

MBBR reactor of 3 m³ costs 4000 € for 
drainage water from 2-3 ha and has a 
maximum flow rate of 13 m³ a day 

Additional costs to consider are a 
dosing unit (C/N/P), influent pump, and 
pH regulator and isolation material for 
the system, adding up to 5000 € 

Earthworks and supply of drainage 
water to the MBBR cost about 2000 € 

Sensitive to PPP residues  

Requires dissolved oxygen in the water 

Commercial 

Constructed 
wetlands, for 
example, 
CleanLeach 

Wetland created for the 
purpose of treating 
anthropogenic discharge 
such as municipal or 
industrial wastewater, or 
stormwater runoff 

Removal of N, P, heavy 
metals,  

Large flow wetland costs 25 
€/m²,  

Small, aerated wetlands up 
to 1000 €/m² 

Investment cost: 25 -1000 
€/m²  

Operational cost: 150 €/yr 

Commercial- efficient nutrient 
removal from the first year on  

Spore retention of Fusarium, 
Phytophthora and Pythium.  

Proper design and careful construction 
required 

Suboptimal efficiency during winter 
(temperature < 15°C) 

Decreased efficiency after 6 years and 
demand for additional carbon source 

Large footprint (m²) 

 

Specific conditions required:  

- Oxygen: min. 4mg/L 
- Acidity: 5,5 < pH < 9 
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12.3. Adsorption media for P 

(Authors: Ilse Delcour19, Joachim Audenaert19, Elise Vandewoestijne17) 

12.3.1. Used for 

Minimising the impact to the environment by nutrient discharge. 

12.3.2. Region  

All EU regions. 

12.3.3. Crop(s) in which it is used  

This is not crop specific, since it considers overall removal of phosphorus.  

12.3.4. Cropping type  

All cropping types. 

12.3.5. Description of the technology 

 Purpose/aim of the technology  12.3.5.1.

Removing P from disposal water. 

 Working Principle of operation  12.3.5.2.

The technology relies on the adsorption of phosphorus onto iron. In this case, granular iron 
with a sand core is used as adsorption material, known as Iron Oxide Coated Sand (IOCS), 
see also Figure 12-2. IOCS is derived from rapid sand filters used for the preparation of 
drinking water from groundwater and is considered as a waste product by drinking water 
industry. IOCS can be used for adsorption of a variety of pollutants from wastewater, in 
addition to phosphates.  

The removal of phosphates can be incorporated after the denitrification step of an Anoxic 
Moving Bed Biofilm Reactor that removes nitrates (see section 12.6). 

 

Figure 12-2. Phosphate filter based on granular iron with a sand core 
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 Operational conditions  12.3.5.3.

 A phosphate filter with a volume of 700 L filled with 1000 kg of iron grains can treat 
1 m3 wastewater/day (with 20 mg PO4-P/L) 

 The phosphate concentration can be reduced until the norm of 1 mg PO4-P/L at 
relatively low incoming phosphate concentrations (wastewater of 20 mg PO4-P/L). At 
higher phosphate concentrations (until 30 mg PO4-P/L), it decreased to 2 mg/L 

 The breakthrough time of the phosphate filter is estimated at 4-6 months. 
Monitoring the electrical conductivity of the water can predict the breakthrough 
time: when the decrease in EC is appreciably reduced, the grains should be replaced 

 The wastewater pH should be around 7 

 The use of intermediate rest periods (16 h/day rest after 8 h feeding) significantly 
improves the adsorption capacity, explained by the inter-particle diffusion of 
phosphate towards the core of the grain during the rest periods, resulting in free 
adsorption sites 

 Cost data  12.3.5.4.

This information is not yet available.  

 Technological bottlenecks 12.3.5.5.

This information is not yet available.  

 Benefit for the grower  12.3.5.6.

Advantages 

 Less post-processing than with a conventional physicochemical phosphate removal 
process, which requires the highly efficient separation of the formed phosphate 
sludge 

 No additional disposal of chlorides, which is the case when using ferric chloride  

 Can be applied to smaller companies with a limited amount of wastewater, whereas 
biological removal processes require bigger installations 

 The P-saturated grains could be reused as P fertiliser. Additional research is being 
carried out in Flanders to investigate P recuperation from the grains (PCS 
Ornamental Plant Research) 

Disadvantages 

 At this moment no P recovery. Further research is necessary to study the possibility 
of the reuse of the phosphate saturated iron grains as a fertiliser for plants  

 Specific legislation 

 Supporting systems needed 12.3.5.7.

A pump installation is required to pump the water through the coated sand bed.  

http://www.fertinnowa.com/wp-content/uploads/2017/11/FERTINNOWA-website-terms-and-conditions.pdf
http://www.fertinnowa.com/wp-content/uploads/2017/11/FERTINNOWA-website-terms-and-conditions.pdf


Transfer of INNOvative techniques for 

 sustainable WAter use in FERtigated crops 

 

This document includes a cover page with the FERTINNOWA disclaimer. Full terms and conditions for using this 
document can be found at http://www.fertinnowa.com/wp-content/uploads/2017/11/FERTINNOWA-website-

terms-and-conditions.pdf           12-13 

 Development phase  12.3.5.8.

Research: Further research is necessary to study the possibility of the reuse of the 
phosphate saturated iron grains as a fertiliser for plants. 

 Who provides the technology 12.3.5.9.

Currently, it is not used commercially. 

 Patented or not 12.3.5.10.

This system is not patented.  

12.3.6. Which technologies compete with this one  

This information is not yet available. 

12.3.7. Is the technology transferable to other crops/climates/cropping systems? 

Yes. In horticulture (greenhouses), dairy farms, slaughterhouses and open field crops using 
underground drainage pipes. It can also be used in combination with constructed wetlands 
or mechanical systems to clean domestic wastewater. 

12.3.8. Description of the regulatory bottlenecks 

 Brief description of the European directive and implications for growers at 12.3.8.1.
European level 

To use a by-product such as IOCS as a resource for a specific application, a raw material 
declaration is needed (Waste Frame Directive (2008-98-EC). IOCS is originally a by-product 
of the purification of drinking water. It is also recognised as a resource (raw material 
declaration, Waste Frame Directive (2008-98-EC)) for use in various industries such as the 
brick industry, cement industry, fermentation plants (removal of hydrogen sulfide), water 
treatment (adsorption of phosphate), and drinking water treatment (removal of arsenic). 

12.3.9. Brief description of the socio-economic bottlenecks 

This information is not yet available.  

12.3.10. Techniques resulting from this technology  

No technique resulting from this technology was identified. 

12.3.11. References for more information  

[1] Berckmoes, E., Decombel, A., Dierickx, M., Mechant, E., Lambert, N., Vandewoestijne, E., 
Van Mechelen M., & Verdonck, S. (2014). Telen zonder spui in de glastuinbouw. ADLO-
project. Retrieved from: http://www.proefstation.be/wp-
content/uploads/2015/07/BROCHURE-Telen-zonder-spui-26032014,pdf on 18/01/2017 

[2] Lambert, N., Van Aken, D., & Dewil, R. (2013). Anoxic Moving-Bed BioReactors (MBBR) 
and phosphate filters as a robust end-of-pipe purification strategy for horticulture. 
Extended abstract 108, Nutrient management, innovative techniques and nutrient 
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legislation in intensive horticulture for improved water quality (Nutrihort), September 
16-18, 2013, Ghent. Retrieved from 
http://www.ilvo.vlaanderen.be/Portals/69/Documents/Book_proceedings_NUTRIHORT.
pdf on 18/01/2017    

  

http://www.fertinnowa.com/wp-content/uploads/2017/11/FERTINNOWA-website-terms-and-conditions.pdf
http://www.fertinnowa.com/wp-content/uploads/2017/11/FERTINNOWA-website-terms-and-conditions.pdf
http://www.ilvo.vlaanderen.be/Portals/69/Documents/Book_proceedings_NUTRIHORT.pdf
http://www.ilvo.vlaanderen.be/Portals/69/Documents/Book_proceedings_NUTRIHORT.pdf


Transfer of INNOvative techniques for 

 sustainable WAter use in FERtigated crops 

 

This document includes a cover page with the FERTINNOWA disclaimer. Full terms and conditions for using this 
document can be found at http://www.fertinnowa.com/wp-content/uploads/2017/11/FERTINNOWA-website-

terms-and-conditions.pdf           12-15 

12.4. Electrochemical phosphorus precipitation 

(Authors: Alejandra Campos10, Jennifer Bilbao10) 

12.4.1. Used for  

Minimising the impact to the environment by nutrient discharge. 

12.4.2. Region 

All EU regions. 

12.4.3. Crop(s) in which it is used  

All crops. 

12.4.4. Cropping type  

All cropping types. 

12.4.5. Description of the technology 

 Purpose/aim of the technology  12.4.5.1.

Remove phosphorus from wastewater to minimise the impact on the environment by 
nutrient discharge. 

 Working Principle of operation  12.4.5.2.

The ePhos® technology is an electrochemical phosphorus-precipitation process. It takes 
place in an electrolytic cell consisting of a cathode and a sacrificial anode made of 
magnesium (Mg). The liquid being treated flows through the cell between the two 
electrodes. By applying current, the electrolytic process takes place. During the cathode 
reduction, water splitting takes place: hydroxide (OH) ions are formed, raising the pH, while 
hydrogen gas (H2) is evolved. As a result, it is not necessary for the ePhos® process to adjust 
the pH value by dosing chemicals. At the anode, the oxidation of metallic Mg takes place: 
Mg ions dissolve and react with the phosphate and ammonium or potassium contained in 
the water to form P-salts mainly consisting of struvite or k-struvite. Gravity then separates 
the P-salts. See also Figure 12-3. 

 

Figure 12-3. Operational principle 
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 Operational conditions  12.4.5.3.

There are no restrictions as far as the size of the wastewater treatment plant due to the 
modular configuration. 

In the course of a feasibility study, the process was tested using a pilot plant with a flow rate 
of up to 1 m3/h at a sewage treatment plant with biological phosphorus elimination in the 
north of Germany. It was demonstrated that the phosphorus precipitation and recovery 
from centrate water (water leaving a centrifuge or decanter after most of the solids have 
been removed) using the electrochemical ePhos® process could be carried out at the client’s 
treatment plant. So that, in the case of a full-scale plant, major operational problems caused 
by the fluctuating orthophosphate concentrations would be solved.  

All the trials were carried out successfully. The average phosphorus elimination rate from 
the centrate water of the digested sludge dewatering and the phosphorus conversion to 
struvite was more than 80%. The phosphorus concentration in the centrate water was 
reduced on average from 180 mg/L to 20,8 mg/L. The phosphorus load, that no longer had 
to be treated when the filtrate water was recirculated, decreased by 37%. 

The design of the process for the client’s plant shows that the electrochemical phosphate 
precipitation would require approx. 10 tons Mg in the form of sacrificial electrodes per year. 
From this, approx. 73 tons of struvite per year could be obtained, which can then be reused 
directly as a fertiliser. The total quantity of chemicals that would have to be used at the 
treatment plant would decrease by 40 tons or 20%/year. 

Regarding its application for nutrients recovery from drainage water in fertigation, the 
technology has to be adapted for these conditions. Adaptation of the ePhos® technology for 
possible use with drainage water will be carried out within the FERTINNOWA project. 

 Cost data  12.4.5.4.

The cost overview of ePhos® was calculated for a Wastewater Treatment Plant of 500000 
Population Equivalents (Table 12-2). The capital expenditure costs amount 0,23 €/kg 
struvite.  

Table 12-2. Cost overview 

Cost overview 

Invest (€/year) 179000 

Operation (€/year) 455300 

Total (€/year) 634300 

Specific cost (€/kg P) 3,4 

Yearly maintenance or input needed are: 

 Costs of Mg electrodes: about 3000 €/ton Mg. Approximately 0,25 kg/Mg/m² 
electrode area and hour is needed corresponding to a Mg:P stoichiometry of 
approximately 1,1:1, There are no restrictions of Mg recycling, except when it is in a 
powder form 
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 Costs of energy and electricity: 0,25-5 kWh/m³ depending on P-concentration and 
kinetic 

 Technological bottlenecks 12.4.5.5.

For irrigation water, the system is not cost-effective because of the very low P-
concentration (< 80 mg/L). P must be first concentrated using, for example, ion exchange 
technologies. 

Also, the regulation for the use of recovered P-salts is not uniform in all European countries. 
This makes it difficult to sell the struvite produced. 

 Benefit for the grower  12.4.5.6.

Advantages 

 Excess nutrients can be removed from discharge water 

 Removed nutrients can be used as a fertiliser 

 Suitable for any company size 

 Nutrients are recovered and used instead of being disposed 

 No addition of chemicals necessary 

 Cells or cell pathways can be switched on or off by a process control system 
depending on the demand 

Disadvantages 

 Small adaptations of the ePhos® technology are required for this application 

 Precipitates have to be removed from the bottom of the clarifier by a spiral conveyor 

 Energy demand, except for the pumping  

 Supporting systems needed 12.4.5.7.

A pre-treatment with an ion exchange might be appropriate to concentrate the P.  

 Development phase 12.4.5.8.

Field tests. 

 Who provides the technology 12.4.5.9.

Fraunhofer IGB, Germany. 

 Patented or not 12.4.5.10.

Yes, the process and reactor are patented. Patent numbers: DE102010050691B3 and 
DE102010050692B3. 

12.4.6. Which technologies compete with this one  

Technologies for nitrogen and phosphorus elimination and phosphorus recovery by 
chemical precipitation. 
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12.4.7. Is the technology transferable to other crops/climates/cropping systems? 

Yes, the technology is not crop or climate dependent. 

12.4.8. Description of the regulatory bottlenecks 

 Brief description of the European directive and implications for growers at 12.4.8.1.
European level 

There are no bottlenecks regarding regulations. On the contrary, there are initiatives in 
Europe for new regulations to promote the recovery and efficient use of nutrients (for 
example the new EU fertiliser regulation will include recovered fertilisers).  

12.4.9. Brief description of the socio-economic bottlenecks 

This information is not yet available.  

12.4.10. Techniques resulting from this technology 

ePhos®, Fraunhofer IGB. 

12.4.11. References for more information  

[1] Bilbao, J. (2014). Phosphorus Recovery from Wastewater Filtrates through a Novel 
Electrochemical Struvite Precipitation Process. Berichte aus Forschung und Entwicklung Nr. 
064, Fraunhofer Verlag 
[2] Mariakakis, I., Bilbao, J., Egner, S., & Hirth, T. (2015). Pilot Testing of Struvite 
Recovery from Centrate of a German Municipal WWTP through Electrochemical 
Precipitation (ePhos® Technology). Proceedings at the WEFTEC Nutrient Symposium 2015, 
San Jose, California, USA 
[3] Mariakakis, I., Bilbao, J., & Egner, S. (2016). Pilot Testing of Struvite Recovery through 
Electrochemical Precipitation with the ePhos® Technology. Effect of Cell Geometry. 
Proceedings at the WEFTEC 2016, New Orleans, USA 
[4] http://www1,igb.fraunhofer.de/englisch/annual-reports/2015-16-annual-
report/page27,html#/112 
[5] http://www.igb.fraunhofer.de/content/dam/igb/en/documents/brochures/PT/1605
_BR-pt_naehrstoffrueckgewinnung_en.pdf 
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12.5. Lemna Minor (Duckweed) 

(Authors: Elise Vandewoestijne17, Ilse Delcour19, Vanessa Bolivar Paypay10) 

12.5.1. Used for 

Minimising the impact to the environment by nutrient discharge. 

12.5.2. Region 

All EU regions. 

12.5.3. Crop(s) in which it is used 

All crops. 

12.5.4. Cropping type 

All cropping types. 

12.5.5. Description of the technology 

 Purpose/aim of the technology  12.5.5.1.

Reducing N, P and other nutrients in the wastewater and limiting algae growth. 

 Working Principle of operation  12.5.5.2.

Duckweed grows on the water surface and uses the nutrients in the water for growth. 
Consequently, it consumes appreciable amounts of nitrogen and phosphorous present in 
the water. After a while, the duckweed covers the water surface entirely, reducing the 
amount of light entering the water and consequently reducing algal growth. The reduced 
amount of nutrients left in the water also restricts algal growth (Figure 12-4). 

 

Figure 12-4. Growing duckweed on nutrient-rich wastewater 
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 Operational conditions 12.5.5.3.

Water conditions 

The composition of the water in which duckweed is growing has an impact on the growth 
and the quality of the duckweed itself. Duckweed does not grow in any (waste) water. Table 
12-3 summarises the range of water parameters that allows Duckweed to grow. 

Table 12-3. Summary of values where duckweed growth is limited 

Parameters Lower limit Upper limit   

pH  3,5 10,4  

EC 10 10900 μS/cm  

Nitrogen 0,003 345 mg/L 

Phosphorus 0 135 mg/L 

Potassium 0,5 100 mg/L 

Magnesium 0,1 230 mg/L 

Bicarbonate 8 500 mg/L 

Sulphur 0,03 350 mg/L 

COD 0 600 mg/L 

Calcium 0,1 365 mg/L 

Sodium 1,3 1000 mg/L 

Chloride 0,1 4650 mg/L 

The lower and upper limits which are shown in Table 12-3, are based on values from 
literature and should be interpreted with some caution. In the first place, interactions 
between various parameters are not taken into account. The pH will affect the solubility of 
various minerals and, consequently, also its availability for duckweed. Also, the pH also 
affects in which form nitrogen is present. Nitrate, ammonium, and ammonia are the forms 
of nitrogen which duckweed consumes. At a high pH, the ammonia-ammonium equilibrium 
favours the production of ammonia. As the pH drops, the equilibrium shifts to the ionised 
form of ammonium. Ammonia at low concentrations of 8 mg /L can cause the death of 
duckweed. High ammonium concentrations at lower pH, may result in growth.  

Temperature 

A disadvantage is that duckweed is sensitive to temperatures close to freezing; then the 
duckweed falls to the bottom and enters a hibernation stage. Consequently, the method is 
less suitable for outdoor conditions at temperatures close to and less than 0°C, because the 
Duckweed is unable to reduce the nutrient level in the water. 

Species 

Duckweed consist of a mixture of the water plant species: Lemna minor and Lemna major, 
obtained from natural populations. These species have good growth performance and good 
potential for growing in wastewaters. The balance between the two species may shift when 
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conditions are more favourable for one of the two species. Having two species with 
different requirements broadens the conditions in which adequate growth of duckweed can 
be achieved.  

Residual water from aquaculture and drain water from greenhouses is suitable for the 
cultivation of duckweed. Duckweed grows best at a temperature of 26-28°C, 10-50 mg N/L 
and a light intensity of up to 300 µmol/m²/s. 

 Cost data 12.5.5.4.

At this moment, there are no Lemna cultures for sale. A wild culture (from nature) usually 
consists of a mixture of species, the most potent type of them will grow rapidly. Naturally-
selected clones can be obtained at places in nature where polluted surface water is 
gathered. When there is too much duckweed, the Lemna can die, that way nutrients end up 
back in the water. Duckweed must be harvested in order to remove nutrients from the 
water. 

On the one hand, this can be done by skimming the surface of the water. Another method 
works with a submersible pump which sucks water on the surface. This water (and 
duckweed) is pumped through a container from which the water can run at the bottom back 
into the lake. A mesh before the exit keeps the duckweed inside the container. The pump 
can be activated when the duckweed layer reaches a certain thickness. In that case, the 
costs will correspond to a submersible pump, a container, and some tubes. 

 Technological bottlenecks 12.5.5.5.

Duckweed production in the open air is sensitive to damage by wind, but also by insects and 
aphids. The waterlily aphid Rhopalosiphum nymphaeae can harm duckweed. The fungus 
Milothecium, which is a parasite of the water fern Azolla, can also be harmful to duckweed. 
A closed cultivation system can avoid these problems, but is associated with higher costs. 

 Benefit for the grower  12.5.5.6.

Advantages 

 Duckweed reduces N, P, and metals in wastewater 

 Duckweed grown on sewage or animal wastes normally does not contain toxic 
pollutants and can be fed to fish or livestock, or spread on farmland as a fertiliser 

 Cheap 

 Ecological 

 Not labour intensive 

Disadvantages 

 Growth depends on the nutrient content, pH, and temperature of the water, light 
and biotic factors  

 The duckweed biomass that results from water treatment operations must be 
removed from the water by, e.g. skimming 

 If the duckweed is to be fed to animals, a retention period in clean water will be 
necessary to ensure that the biomass is free of water-borne pathogens 
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 Duckweed is not commercially available 

 Supporting systems needed 12.5.5.7.

Pumps, container, and tubes to remove the duckweed from the water surface. 

 Development phase  12.5.5.8.

This information is not yet available.  

 Who provides the technology 12.5.5.9.

Not applicable. 

 Patented or not 12.5.5.10.

This technique is not patented. 

12.5.6. Which technologies compete with this one 

 Constructed wetlands 

 Moving Bed Biofilm Reactor (MBBR) 

12.5.7. Is the technology transferable to other crops/climates/cropping systems? 

This technique is not crop dependent. The climate may be of importance since duckweed 
growth is limited and hibernation might occur at lower temperatures. 

12.5.8. Description of the regulatory bottlenecks 

There are no regulatory bottlenecks. 

12.5.9. Brief description of the socio-economic bottlenecks 

None. 

12.5.10. Techniques resulting from this technology  

Not applicable. 

12.5.11. References for more information  

[1] Maréchal, T. (2016). Haalbaarheid van eendenkroosteelt: selecteren van klonen 
geschikt voor mestverwerking, waterzuivering en nutriëntrecuperatie. Gent, België. 
[2] http://www.biobasedeconomy.nl/2014/06/16/eindeloze-mogelijkheden-met-
eendenkroos/     
[3] http://www.mobot.org/jwcross/duckweed/practical_duckweed.htm#Bioremediatin 
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12.6. Moving Bed Biofilm Reactor 

(Authors: Ilse Delcour19, Vanessa Bolivar Paypay10) 

12.6.1. Used for 

Minimising the impact to the environment by nutrient discharge. 

12.6.2. Region 

All EU regions. 

12.6.3. Crop(s) in which it is used 

All crop types. 

12.6.4. Cropping type 

 Soilless 

 Protected 

12.6.5. Description of the technology 

 Purpose/aim of the technology  12.6.5.1.

Removal of organic matter, nitrification and denitrification. It is mostly used to remove 
nitrates from domestic or industrial wastewater but is also used to treat water from fish 
farming and to a lesser extent other farming.  

 Working Principle of operation  12.6.5.2.

Moving Bed Biofilm Reactor (MBBR) combines the benefits of both an activated sludge 
process and a fixed film process. It is based on the biofilm principle with an active biofilm 
growing on small specially designed plastic carriers (Figure 12-5). The carriers with 
microorganisms on it kept in motion in the water either by a blast air injection in aerobic 
systems or by stirrers in anoxic or anaerobic systems (Figure 12-6). Thanks to this motion, 
the impurities in the water are transported to the biofilm and thus reduced. The result is a 
high treatment capacity within a given reactor volume, resulting in a smaller footprint 
compared to a conventional activated sludge process. The typical operation can be seen in 
Figure 12-7.  

 

Figure 12-5. Examples of a carrier (800 m²/m³) with beginning biofilm growth (PCS, Belgium) 
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Figure 12-6. Schematic overview of an MBBR system, in this case, a 2-step biological treatment 
(www.lenntech.nl) 

 

Figure 12-7. The biofilm medium is moved through the reactor and a filtered effluent is produced (PCS, 
Belgium: only a few carriers were already present) 

 

Figure 12-8. MBBR at PCS (Belgium) 

 Operational conditions 12.6.5.3.

The use of biofilm requires dissolved oxygen for the microbes to survive. It can be scaled 
well but is limited by the use of plant protection products, which can be harmful to the 
microbes. However, the capacity can be easily upgraded by simply increasing the fill fraction 
of biofilm carriers. 

 Cost data 12.6.5.4.

Costs of an MBBR depend on the size and capacity. Therefore, the numbers below refer to a 
specific situation. 

Installation costs:  

An MBBR reactor of 3 m³ costs 4000 € and should be filled with 2 m³ of carriers (generally it 
is filled for 30-40%). In case of AnoxKalnes® K5, this costs 300 €. This MBBR is sufficient to 
treat the drainage water of 2-3 ha and has a maximum flow rate of 13 m³/day. 
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Other costs to consider are a dosing unit (C/N/P), influent pump, pH regulator and isolation 
material for the system, adding up to 5000 €. Earthworks and supply of drainage water to 
the MBBR cost about 2000 €. 

If the MBBR is used on agricultural fields to reduce the nutrient load of the draining water, 
an off-grid energy supply (solar panels) and a switchboard should be present (10000 €). 

The example below provides an estimation of the operational costs for an MBBR in case all 
NO3 has to be removed for 313 m³ of drainage water with an average concentration of 193 
mg NO3/L/year or 60,5 kg NO3/year: 

 Fixed costs: depreciation (over 10 years): 2606 €/year 

 Variable costs: carbon source for maintaining the biofilm (e.g., CARBO ST): 3,85 € /kg 
NO3. 

o Energy costs: solid carrier: 46 €/year  
o Suspended carrier: 220 € /year  
o Carrier material on fixed bed: 0,025 kWh/m³ 
o Carrier material in suspension: 0,12 kWh/m³ 
o Estimate of energy rates: 5,85 € /kWh 

 The total maximum variable cost amounts 452 € /year and a preliminary total cost of 
on average 3000 € /year 

Important note: if legislation has to be met and denitrification is only required to a level of 
50 mg/L (as is the case in Belgium). In this case, purification costs might be reduced by 2%. 

 Technological bottlenecks 12.6.5.5.

The technology can only treat wastewater for nitrates and some other biological factors. 
Also, plant protection products can negatively affect performance. 

 Benefit for the grower  12.6.5.6.

Advantages 

 The reduction of nitrates and other nitrogen sources from drain water can allow the 
grower to comply with regulations 

 Compact installation 

 Increased durability towards toxicity 

 Variable loading 

 Simple operation 

 System insensitive of bulking sludge 

Disadvantages 

Additional electricity for pumps and air pumps is required. 

Some plant protection products may have adverse effects on the performance of an MBBR. 

 Supporting systems needed 12.6.5.7.

Sieves over the outlet to separate the carriers in the treatment tank. 
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 Development phase 12.6.5.8.

 Research: There are several research projects ongoing on refining and improving the 
technology which might have benefits to the technology for agricultural use 

 Commercialised: Wastewater treatment (several) 

 Who provides the technology 12.6.5.9.

Several suppliers offer this technology: Lenntech (Netherlands), Veolia (Anoxkaldnes – 
Sweden). 

 Patented or not 12.6.5.10.

There are several patents based on the technology, but the basic principle is not patented. 

12.6.6. Which technologies compete with this one 

 There are several other bioreactor technologies available, specifically Packed Bed 
Biofilm Reactors, which work on the same principle but do not have moving media  

 Non-bio technologies that compete with MBBR are: modified ion exchange and 
reverse osmosis 

12.6.7. Is the technology transferable to other crops/climates/cropping systems? 

Yes, the technology only requires collected drain water.  

12.6.8. Description of the regulatory bottlenecks 

There are no relevant regulatory bottlenecks. 

12.6.9. Brief description of the socio-economic bottlenecks 

Growers might not want what is mostly a growing pot of microbes close to their production 
out of fear that it might be a breeding ground for unwanted pests. 

12.6.10. Techniques resulting from this technology 

The AnoxKaldnes™ MBBR technology utilises the advantages of both activated sludge and 
other biofilm systems (e.g. biofilters, biorotors, etc.) without being restrained by their 
disadvantages. The carriers are designed to provide a large protected surface area for the 
biofilm to grow and optimal conditions for the bacteria culture when the carriers are 
suspended in water. 

12.6.11. References for more information  

[1] Kazmi, A., & Roorkee, T. (2013). Moving Bed Biofilm Reactor for Sewage Treatment. 
[2] Lenntech (2017). http://www.lenntech.nl/processes/mbbr.htm 
[3] Odegaard (1989). http://technomaps.veoliawatertechnologies.com/mbbr/en/ 
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12.7. Constructed wetlands 

(Authors: Ilse Delcour19, Evangelina Medrano11) 

12.7.1. Used for  

 Preparation of irrigation water 

 Minimising the impact to the environment by nutrient discharge 

12.7.2. Region 

All EU regions. 

12.7.3. Crop(s) in which it is used 

All crops. 

12.7.4. Cropping type 

 Soilless 

 Protected 

 Open air 

12.7.5. Description of the technology 

 Purpose/aim of the technology  12.7.5.1.

Removing of organic matter and nutrients from disposal water. 

 Working Principle of operation  12.7.5.2.

A constructed wetland (Figure 12-9) is an artificial wetland created to treat anthropogenic 
discharge such as municipal or industrial wastewater, or stormwater runoff. It is also often 
used to treat drain water from greenhouses before disposal. 

Constructed wetlands are engineered ecosystems that use the natural functions of 
vegetation, soil, and organisms to treat different water stream (Figure 12-9). Depending on 
the type of wastewater that has to be treated the system has to be adjusted accordingly, 
which means that pre- or post-treatment may be necessary. 

Constructed wetlands can be designed to emulate the features of natural wetlands, such as 
acting as a biofilter or removing sediments and pollutants such as heavy metals from the 
water. Some constructed wetlands may also serve as a habitat for native and migratory 
wildlife, although that is usually not their main purpose. 
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Figure 12-9. Example of a subsurface vertical flow wetland 

 

Figure 12-10. Photo of the constructed wetlands at PCS (Belgium) 

Percolation phase (helophyte sand filter) 

Construction (PCS: 30 m²) 

 Foil: should be smooth, impermeable, strong and thick 

 Coarse gravel: (size 8/16) serves as a substrate for the influent and effluent drains 

 Drainage system: drainage pipes with polypropylene fibre coating. The ends are 
connected to a rinsing line above the ground level to make cleaning of the drains 
possible. The wastewater is collected in an inspection pit which remains 
continuously filled with water. A filter cloth is applied on top of the gravel layer to 
prevent this layer from clogging with sand 

 Sand: the grain size is best between 0,06 and 0,63 mm. Any clay fraction in the sand 
should not exceed 10% due to clogging 

 Woodchips 

 The main flow pipe (PVC, HDPE diameter 75-110 mm) is connected to the 
distributing pipes (PVC, HDPE diameter 32-40 mm). In these distributing pipes, which 
are closed at the end, from 6-10 mm at least one outlet opening is provided per 
meter. Mutual separation tubes 1 m. These tubes are in a coarse gravel layer 

 The used plants are usually common reed (Phragmites australis) 

 The percolation field is 1,25 m deep 
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Mode of action 

 Water is brought on top of a wetland with a branched piping system so it can 
percolate through the reeds. Water (without floating substances) is added twice a 
day with a pump to switch between oxygen-rich and poor periods, which are 
necessary to remove nitrogen 

 Oxidative reactions: ammonification of organic N by Nitrosomonas and nitrification 
of ammonium by Nitrobacter 

 Anaerobic reaction: denitrification by Pseudomonas 

Root zone phase 

Construction (PCS: 55 m²):  

 Minimum length of 5-6 m 

 Depth at the inlet 60 cm and outlet 80 cm. 

 Ideal slope: 1% 

 Filled with coarse sand (0,63-2 mm) 

 The diffuser tube is placed horizontally in a gravel layer. Other specifications for foil 
filter cloth and plants are identical to the percolation field (see above) 

Mode of action: 

 A continuous water supply takes place; therefore, the oxygen for nitrification is the 
limiting factor. The main reaction is denitrification, e.g., by Pseudomonas bacteria 

2-phased wetland 

 Combination of the two phases described above. Can be used for N and P rich 
sewage water, is advised for N removal 

 

Figure 12-11. Example of the measurements of a constructed horizontal flow wetland (Source: Nico 
Lambert) 
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Figure 12-12. Horizontal flow wetland at PCS (Belgium) 

CleanLeach System 

A special form of a constructed wetland is the Cleanleach System. 

The technology package of CleanLeach System is divided into two parts: 

The first part of the system is the slow sand filter. Its main function is to filter the drain 
water, which can contain solid particles. The collection, filtering and recovery of drain water 
are done with a system consisting of a horizontal bed, which acts as a slow sand filter and is 
placed under the growing areas. 

Constructed wetlands try to emulate natural wetlands, where pollutants such as nitrates are 
removed through the denitrification process. Constructed wetlands is a simple and 
sustainable technique with a low energy demand that is being used to purify different 
effluents. In the second part of the system, the treatment of drain water removed from the 
recirculating system is performed through a horizontal subsurface flow wetland. The 
wetland treatment system consists of shallow ponds or channels with wetland vegetation. 
In these systems, the decontamination processes take place through interactions between 
water, soil, plants and microorganisms. In trials of the CLEANLEACH project, a reduction of 
the nitrate content to below 50 mg/L and an 80% reduction of the soluble forms of 
phosphorus have been demonstrated. 

Iris pseudacorus is commonly used in the Wetland treatment system. Iris pseudacorus 
belongs to the family of Iridaceae. It is native to Europe, West Asia and North-west Africa; 
nevertheless, in many areas, it is considered an invasive plant. It prefers flooded soils with 
exposure to full shade conditions. It tolerates aquatic conditions, low pH, and anoxic soils 
(not too compact). The plant spreads quickly, by both rhizome and water-dispersed seed. 

This plant has been used as a form of water treatment due to the ability to take up heavy 
metals through its roots. 
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Figure 12-13. Cleanleach system 

 Operational conditions  12.7.5.3.

If the wetland is used for P extraction before discharge of water, calcium-rich sand should 
be used for the sand filter. For water reuse, calcium-poor sand should be added. 

Percolation phase 

At PCS there was an average of 40 mg NO3 /L in the tested drain water 

Can process 60 L sewage water/m² wetland/day or about 100 L of drainwater/m² 
wetland/day. 

Nitrification requirements: 

 The temperature preferably above 15°C (>12°C is also still efficient) 

 Level of oxygen in the water > 4 mg/L 

 Acidity: 5,5 < pH < 9 

In Belgium, the wetland has a guaranteed effect from June until August, at other times of 
the year, the effectiveness depends on the weather. 

 Cost data  12.7.5.4.

Prices depend strongly on the region and surface area. For example: in Poland, near 
Warsaw, the Institute of Life Science has built such a constructed wetland for about 4000 €.  

In Belgium, a large flow wetland costs about 25 €/m², while small, aerated wetlands can cost 
up to 1000 €/m². In case of PCS Ornamental Plant Research, the percolation field costs 
about 350 €/m² and the root zone field costs approximately 200 €/m². 
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A quotation from a Belgian company, that installs constructed wetlands for growers, was a 
total cost of 1950 € (excluding VAT) for a percolation flow field of 20 m². This included the 
foil (EPDM 1,15 mm), drainage system + connections, filter cloth, reed plants, distribution 
system and fittings, Inspection pit and adjustment pit. 

Additional costs consist of the substrate (sand and gravel) and (septic and pump) wells, a 
submersible pump and the digging and planting the reeds. 

Yearly maintenance or inputs needed:  

 Yearly maintenance is 150 € 

 After 6 years the N-removal diminishes because of a lack of carbon input for the 
anaerobic microorganisms in the wetland. The best solution is to add molasses at a 
dose of 0,32 L/day (for the PCS wetland dimensions)  

 Cleaning of silted drains 

 Removal of weeds 

 Control and maintenance of the pumps 

 Half-yearly check-up of pipes and nozzles 

 Technological bottlenecks 12.7.5.5.

No technological bottlenecks have been identified until now. 

 Benefit for the grower  12.7.5.6.

Advantages 

 Potential lifespan: 15 years 

 The pH of the drain water after the wetlands is constantly between 7 and 7,5 

 Very efficient for nutrient removal in the first years (Table 12-4) 

Table 12-4. Nutrients content during phases of water treatment 

Nutrient Water storage Percolation wetland Root zone reed field 

(mg/L) 2002 2003 2002 2003 2002 2003 

Nitrate 57,1 16,6 26,6 3,3 1,5 0 

Phosphorous 1,2 0,4 0 0 0 0 

Potassium 7,8 12,1 5,9 3,4 6,3 0,1 

 Biological purification by the reeds 
o Possible to purify water already in the year of installation 
o Most N and P are removed from drain water 
o Stops Pythiaceae, it does not have to be mowed 

 Percolation phase 
o Has a filtering effect on the fungi of the Fusarium species 
o Can retain spores of Phytophthora and Pythium 

 Root zone phase 
o Most efficient wetland for N removal 

 2-phased wetland 
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o The best option for removing spores of Fusarium, Pythium and Phytophthora 
(at low infection pressure) 

Disadvantages 

 A proper design and careful construction are essential 

 The treated water cannot be reused with salt-sensitive crops (Azalea) 

 Enrichment of treated water with calcium and salts, which has an effect on the water 
quality for reuse (hardness and EC) 

 The large surface area is required 

 Cannot replace disinfection in a recirculation system: capacity is too low and there is 
insufficient fungi removal 

 Suboptimal efficiency during colder periods (no N removal) 

 After 5 years, the P removing the effect of the wetland disappeared 

 A source of carbon is essential to support the bacteria 

 Silting of drains is possible 

 During the percolation phase, the nitrate level can increase 

 Supporting systems needed 12.7.5.7.

The activity of fungi and bacteria responsible for P and N reduction in the treated water is 
conditioned by the presence of carbon as many of the microorganisms involved are 
heterotrophic e.g. for denitrification reactions and require a carbon source. Therefore, 
providing a source of carbon to the wetlands is essential to have adequate microbiological 
activity. It is important that the wetland is close to a cheap source of carbon, e.g. by-
products of the agroindustry such as molasses. 

 Development phase 12.7.5.8.

Commercialised.  

 Who provides the technology 12.7.5.9.

Belgium: Rietland, Rietec. A special and also commercialised form is the CleanLeach solution 
which is a system that recovers and treats drain water by using a combination of slow sand 
filtering and a constructed wetland. The CleanLeach solution is provided by IRTA (Institute of 
Research & Technology for Food & Agriculture, Catalonia, Spain), Bures Innova, Salix (UK), 
and Naturalea. 

 Patented or not 12.7.5.10.

Not patented. 

12.7.6. Which technologies are in competition with this one 

 UV disinfection 

 Thermodisinfection 

 Chlorination 

 Biofiltration 
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12.7.7. Is the technology transferable to other crops/climates/cropping systems? 

Yes, as long as the plants in the wetland thrive in that climate. 

12.7.8. Description of the regulatory bottlenecks 

 Implementation at the regional level  12.7.8.1.

In Flanders (Belgium), the disposal of water has to comply with legal requirements (VLAREM 
II, The Order of the Flemish Government of 1 June 1995 concerning General and Sectoral 
provisions relating to Environmental Safety). This order defines all standards that the water 
must meet before it can be discharged. There are regional differences in the norms for 
surface water and groundwater. In every region, slightly different limits for the different 
nutrients in drain water are imposed. 

12.7.9. Brief description of the socio-economic bottlenecks 

Constructed wetlands are less efficient than other biological techniques used for 
disinfection of drain water, such as biofiltration. Constructed wetlands are used to remove 
excess nutrients such as N and P from drain water before releasing water into the 
environment. In soilless cultivation, constructed wetlands are not used with recirculating 
systems, but with “open”, free-draining systems. In this case, this technology can be very 
effective. Correct dimensioning of the basin is required to ensure that the system functions 
effectively. The surface area requirement of a constructed wetland may inhibit the adoption 
of this technique because growers may have limited space close to their greenhouse. 

12.7.10. Techniques resulting from this technology 

No resulting techniques were found. 

12.7.11. References for more information 

[1] PCS research: 
http://www.pcsierteelt.be/hosting/pcs/pcs_site.nsf/0/24813838411a0776c1257267003288
28/$FILE/De%20toekomst%20van%20rietvelden%20in%20de%20tuinbouw.pdf  
[2] https://www.epa.gov/sites/production/files/2015-10/documents/constructed-
wetlands-handbook.pdf 
[3] https://engineering.purdue.edu/~frankenb/NU-prowd/cwetfact.htm  
[4] Antón, A., Marfá, O., de Lamo, D., Sorolla, A., Figuerola, M., Viñas, M., Burés, S., 
López, A., Penafreta, F., Holland, D., & Cáceres, R. (2015). Providing new life to waste: 
cleaning of drain water and recycling industrial materials in wetland construction. Bordeaux 
Mainstreaming Life Cycle Management for sustainable value creation. LCM2015 
[5] Guivernau, M., Viñas, M., Prenafeta, F. X., Marfá, O., & Cáceres, R. (2015). Microbial 
Community Assessment in a Pilot scale Construted Wetlan for Trating Horticultural Drain 
water. VI International Conference on Environmental, Industrial and Applied Microbiology. 
BioMicroWold 2015 
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