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3.1. Introduction Optimising water quality - Chemical composition 

3.1.1.  These techniques concern the issue 

Preparation of irrigation water. 

3.1.2.  Regions  

All EU regions. 

3.1.3.  Crops in which the problem is relevant 

The technologies described in this chapter are general technologies that apply to all crops, 
since they consider general issues and technologies for optimising the chemical quality of 
irrigation water. However, when using these technologies, it must be kept in mind that 
there are appreciable differences in the tolerance or sensitivity of different crops to salinity 
(salt content) and to harmful individual elements such as sodium (Na) or chloride (Cl).  For 
example, Phalaenopsis (moth orchid) is very sensitive to salinity, while tomato is appreciably 
more salt tolerant. Crop sensitivity or tolerance to salinity and the composition of the water 
supply influence the requirements, for a given site, regarding the technologies described in 
this chapter.  

3.1.4. Cropping type 

For all crops and cropping systems, it is essential to maintain an acceptable quality of 
irrigation water with regards to salinity and to the composition of chemical elements and 
compounds. In addition to crop species, the type of cropping system influences the required 
water quality. For soilless growing systems with recirculation of drainage, the requirements 
for the quality of irrigation water, regarding salinity, Na and Cl, are high in order to ensure 
that the accumulation of these components during recirculation commences from relatively 
low base values.  

Where groundwater is used, commonly, the salinity and chemical composition are issues 
that have to be taken into consideration for decisions related to crop selection.  
Additionally, the water may require treatment prior to being suitable for irrigation. These 
issues are particularly important in drier Mediterranean regions where groundwater, with a 
higher salt content, is commonly used. In some Mediterranean regions, an on-going 
increase in the salinity of groundwater is occurring which may progressively increase the 
requirement for the treatment of irrigation water. Water treatment is likely to increasingly 
become an issue for soil-grown crops in these regions, and will be of particular interest for 
free-draining soilless cropping that, in the future, may be required to implement 
recirculation.  

Given the common tendency of increasing salinity of groundwater, and the possible 
obligation to recirculate drainage in soilless systems, the issue of the chemical composition 
of irrigation water is likely to be of increasing importance for the foreseeable future within 
the European Union. 
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3.1.5. General description of the issue 

The supply of irrigation water of adequate quality is a fundamental factor for horticultural 
crop production. In addition to describing the relevant technologies for modifying the 
chemical composition of irrigation water, this chapter describes the problems and issues 
associated with the improvement of the chemical quality of irrigation water, focussing on 
the overall salinity, nutrients, Na, Cl, iron (Fe), and manganese (Mn).  

As mentioned previously, crops differ appreciably regarding their sensitivity to salinity. 
Consequently, quantitative criteria have been established for individual crop species, 
related to the chemical quality of the irrigation water for optimal growth and production. 
The chemical quality of irrigation water can differ considerably depending on the region, 
water type, the nature of the aquifer etc.  

In general, optimal water quality management requires maintaining the concentration of 
nutrients and salinity at the desired level, and the removal of unwanted components, such 
as particular elements and compounds. When nutrient solutions are recirculated, 
accumulation of ballast salts occurs. These ballast salts are salts that are consumed only in 
minor amounts by the crops. When the concentration of these salts increase appreciably, 
phytotoxic effects can occur. Sodium commonly causes problems in European coastal areas 
where horticultural production takes place. By maintaining low levels of Na in the irrigation 
water, water can be recycled for longer, and the frequency of purging recirculating water is 
reduced. In soil grown crops, Na accumulation can also negatively affect crop growth and 
production. 

 

 

Figure 3-1. Schematic approach of a closed water system in (greenhouse) horticulture 

The problems associated with nutrients and salts concern (Figure 3-1) are: 

 Desalination 

 Preparation of irrigation water by removal of Fe and Mn 

 Accumulation of potentially plant-toxic concentrations of salts as Na and Cl in closed 
water cycles 

 Costs of nutrient removal 

(Na and Cl removal) 

Na and Cl removal 

Na, Cl, Fe, Mn 
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 Water quality requirements 

 Water quality monitoring 

The problems described in this chapter are also closely related to the issues described in 1) 
chapter 4 which deals with removal of particles in the irrigation water, 2) chapter 11 which 
deals with optimal nutrient management, and 3) chapter 12 which deals with nutrient 
removal and recovery from discarded drainage water to limit environmental impact. 

 Sub-issue A: preparation of irrigation water by removal of Fe and Mg 3.1.5.1.

When groundwater containing Fe (in ionic forms, dissolved inorganic complexes, organic 
complexes colloidal or suspended forms) is pumped from aquifers for irrigation, partial 
oxidation occurs. The resulting oxidised forms of Fe can precipitate causing fouling and 
clogging of the irrigation systems. Water sources containing Fe concentrations exceeding 0,5 
ppm cannot be used in drip irrigation systems without pre-treatment.  

Iron removal is an established technology; however, for the effective operation of this 
technology, good management of the system is required, particularly of pH, alkalinity and 
the occurrence of oxidation. The cost and footprint (area occupied) of these systems can 
also be issues. 

 Sub-issue B: Desalination  3.1.5.2.

The main problems in desalination are: 

 Fouling of the membrane systems used for desalination 

Membrane systems, like reverse osmosis, nanofiltration, electro-dialysis, and membrane 
distillation are sensitive to fouling. Often a pre-treatment, that removes particles, is 
required. Additionally, salts with low solubility may precipitate and can cause fouling. 
Lowering the pH can reduce the problem. 

 Discharge of concentrates of desalination 

Most of the desalination technologies are based on the concentrating principle. In addition 
to clean water (permeate), a concentrated (salt) stream (concentrate) is produced that must 
be disposed of. The discharge of this concentrate can cause environmental problems and/or 
is limited by regulation. 

Modified Ion Exchange technology produces a concentrated stream which could be suitable 
for reuse. Field tests still have to confirm this.  

 Low selectivity 

Most of the desalination technologies appreciably and non-selectively reduce the 
concentrations of all salts including useful nutrients. In the case of recirculation of nutrient 
solutions, the removal of crop nutrients is undesirable. Also, the concentrate (see above) 
cannot be applied to crops, because it may contain high concentrations of Na, Cl and other 
harmful ions.  

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         3-8 

 Sub-issue C: Need for a more holistic approach  3.1.5.3.

In general, the technologies for nutrient removal focus on the removal of salts. The capacity 
for removal of plant protection products (PPP), micro-organism or other harmful agents is 
not always clear. A more holistic approach to the removal of various undesirable agents 
could be useful for both technical and economic reasons. 

 Sub-issue D: Need for validation of the removed nutrients to make water 3.1.5.4.
treatment economically feasible 

In comparison to the relatively low cost of water, the costs for water treatments can be 
high. This is particularly so for treatments for use with recirculation. Feasibility could be 
improved by the use of more selective technologies that would selectively enable the 
recycling of crop nutrients. In general, the generated nutrient streams are dissolved, liquid 
fertilisers. As storage or transport over long distances is expensive, it is preferable that these 
regenerated nutrients are used on-site, or if this is not possible, that they are further 
concentrated prior to transport or storage.  

 Sub-issue E: Need for better understanding of the crops chemical water quality 3.1.5.5.
requirements and threshold values 

For different crop species, requirements and threshold values for chemical water quality 
vary appreciably. Growers are not always aware of these threshold values. In case of 
horticultural crops, there is a need for a good understanding of a specie’s tolerance to 
salinity and to Na and Cl. As an example, in The Netherlands, on-going research studies are 
investigating the response of different species to Na concentrations.  

 Sub-issue F: Water quality monitoring of recirculated nutrient solutions 3.1.5.6.

One of the problems associated with maintaining good water quality is determining the Na 
content. This is normally done by manual sampling of the nutrient solution followed by 
laboratory analyses, which is combined with online monitoring of the total electrical 
conductivity (EC).  

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

Having optimal chemical composition of irrigation water provides a series of benefits which 
apply to irrigation, fertigation and recirculation; these include:  

 Reduction of the frequency of purging water from soilless growing systems with 
recirculation which will result in reduced emissions (decreasing the costs of 
purifying/discharging this water) 

 Reduction of the amount of fresh nutrients required which reduces the fertiliser cost 
of the grower 

 Less groundwater withdrawal 

This can be seen in The Netherlands with the example of closing the water and nutrient 
cycles in soilless cultivation systems. These systems are already common in Dutch 
greenhouse horticulture (more than 80% of the greenhouse surface area). In greenhouse 
areas, with intensive soilless cultivations, the quality of the surface waters often does not 
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meet the standards for good chemical and ecological water status of natural water bodies, 
as required by the Water Framework Directive 2000/60/EC. The recirculating nutrient 
solution may be discarded when there is doubt about the quality of its chemical 
composition. On average, 10% of the nutrient solution is discharged yearly. Soilless 
cultivation in the Netherlands uses 6,5 M m3/year of fresh water, and annually emits 1300 
tons of N, 200 tons of P, and 1134 kg of PPPs. Calculations suggest that eliminating these 
discharges of recirculating nutrient solutions will reduce the use of fresh water by 2,6 M 
m3/year and reduce the water pollution by nutrients and PPPs by 60%, in The Netherlands.  

3.1.7. Brief description of the regulations concerning the problem  

In some countries or regions, there are restrictions regarding the discharge of concentrates 
from water purification processes. These concentrates often contain high levels of 
undesired salts as Na; and depending on the type of technology used, can also contain plant 
nutrients and other problematic substances as PPPs. For the discharge of these 
concentrates from desalination, which also known as brines, the appropriate regulations for 
the region should be identified. Depending on the composition of these concentrates, it may 
not be permitted to discharge them to surface waters or to sewers, or to transport them. In 
general, there are: 

 Limits for the discharge of concentrates  

 Regulations regarding transport of secondary materials 

3.1.8. Existing technologies to solve the issue 

The following technologies, to improve the chemical quality of irrigation water, are 
described in this chapter:  

 pH change 

 Iron and Mn removal: Flocculation / coagulation: removal of Fe = Fe filter (= 
combination of flocculation + filtration (sand filter)) 

 Desalination 
o forward osmosis 
o reverse osmosis  
o membrane distillation  
o modified ion exchange 
o electrophysical precipitation 
o electrolysis/ electrodialysis 
o capacitive deionisation  

3.1.9. Issues that cannot be solved currently 

At this moment, issues which need to be solved, but for which adequate solutions do not 
yet exist, are: 

 High costs of desalination 

 Destination of concentrates / brines from desalination 

 The need for a selective removal of Na 
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 The need for a holistic approach  

For some technologies, there is a need for demonstration at a location to show the practical 
value. 

3.1.10. References for more information 

[1] Beerling, E. A. M., Blok, C., Van der Maas, A. A., & Van Os, E. A. (2013). Closing the 
water and nutrient cycles in soilless cultivation systems. Acta Horticulturae, 1034, 49-55 
[2]  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   
[3] Raudales, R. E., Fisher, P. R., & Hall, C. R. (2017). The cost of irrigation sources and 
water treatment in greenhouse production. Irrigation Science, 35(1), 43-54  
[4] Stijger, H. (2017,). Leren omgaan met oplopend natriumgehalte in de teelt. Retrieved 
from https://www.glastuinbouwwaterproof.nl/nieuws/leren-omgaan-met-oplopend-
natriumgehalte-in-de-teelt/  on 06/02/2018 
[5] Voogt, W. Retrieved from Verzilting in de zuidwestelijke delta en de 
gietwatervoorziening glastuinbouw. http://edepot.wur.nl/13084 
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3.2. Summary of technologies subsequently presented in this chapter in individual technology descriptions (TDs)  

Technology  Cost Requirements Strengths  Weaknesses  Technology development 
stage 

Investment Maintenance Total cost  

Concentration of ions 

Capacitive 
deionisation 

35-100 k€  Energy:  

0,5- 2,5 kWh/m3 

1-5 €/m³ Basic agronomic 
knowledge 

Basic computer 
skills 

No chemicals or anti-
scaling products required  

water recovery rate 80-
90% 

 

Optimisation of 
electrodes is required 

More efficient for low 
salinity feed waters 

Pilot to commercial 

Electrophysical 
precipitation (EpF) 

Not avail.  Not avail. Not avail. Minimal 
maintenance 

Pre-treatment 

Low energy consumption Risk of fouling  

Handling of reject water 
and rinsing water 
required  

Hydrogren formation 

Pilot to commercial 

Electrodialysis 9-64 k€ /year 

(1-10 m3/ h)  

Energy:  

0, 05 kWh/m3  

Operational cost: 

 2-15 k€ /year 

(1-10 m3/ h) 

1,3-2,6 €/m³   High energy efficiency 

 

Not selective  

Electrodialysis becomes 
less economical when 
extremely low salt 
concentrations in the 
product are required 

Pilot to commercial 

 

 

Modified Ion 
Exchange 

50-100 k€ 
(120 m³/day 
unit)  

Cost of chemicals 
is recovered by the 
values of the 
fertilisers produced 

Resin (replaced 
once in 5-10 years) 
cost 1000-5000 € 

 Chemical 
background  

Production of fertilisers  

Low fouling potential 

Semi-selective removal of 
sodium  

Complex system 

 

Pilot to commercial 

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             3-12 

Technology  Cost Requirements Strengths  Weaknesses  Technology development 
stage 

Investment Maintenance Total cost  

Nanofiltration 200-1000 
€/m³/day 
Membranes 
add 20-45 
€/m² 

Energy: 

0,15 kWh/m³ 

 

0,2-1 €/m³, 
depending on 
the scale of the 
installation. 

Only very little 
attention by staff is 
needed 

Pre-treatment  

Reliable water quality 

Disinfection 

Easily automated 

Continuous water supply 

Selectivity  

Sensitive to fouling  

Handling of reject water 
and rinsing water 
required 

More expensive 
membranes  

Commercial 

Concentration of water  

Reverse osmosis 30 k€ 
(200m³/day)  

Energy: 

 2-3 kWh/m³ 

0,5-3 €/m³ Pre-treatment  Continuous water supply  

Reliable technology 

Easily scalable 

 Membrane fouling 
might occur  

Discharge of 
concentrated streams 
(10-50%) 

No selectivity  

Limited boron removal 
to 1 mg/l 

Commercial 

Forward osmosis Not avail. Energy: 

 1,3-1,5 kWh/m³ 

Not avail. Concentrated 
drawing solution 
(e.g., liquid 
fertiliser) 

Operates at mild process 
conditions 

Lower risk of membrane 
fouling  

Multiple steps required 
to obtain high-quality 
water  

Pilots, no practical 
experience in horticulture 

Membrane 
distillation 

900 €/m³ /day  Energy: 

2,8 kWh/m³  

0,94-1,61 €/m³ Few manual 
actions required 

Pre-treatment 

Continuous water supply  

Multivalent ions are 
separated, monovalent 
ions are partially removed 

Disinfection of bacteria 

 

 

 

Fouling and plugging 
risks  

Discharge of 
concentrated streams 

 

Pilots 
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Technology  Cost Requirements Strengths  Weaknesses  Technology development 
stage 

Investment Maintenance Total cost  

Other  

pH 
change/adjustments 

3000 € Storage tanks of 
neutralisation 
chemicals must be 
kept full 

 Calibration of pH 
probe  

 

  Commercial 

Iron removal for 2 ppm 
flow & 10 
m3/h 
(aeration 
pump, rapid 
sand filter 2 
tanks x 850 
mm, a mixing 
tank and a 
disc filter): 
4300 € 

  Simple operation Low cost 

Continuous water supply 

No chemicals required 

 

Footprint (m²) 

Handling of reject water 
and rinsing water 
required 

Limited ability to remove 
Fe  

 

Commercial 
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3.3. Reverse Osmosis 

(Authors: Wilfred Appelman22, Willy van Tongeren22, Ockie van Niekerk16) 

3.3.1. Used for 

Preparation of irrigation water. 

3.3.2. Region 

All EU regions. 

3.3.3. Crop(s) in which it is used 

All crops. 

3.3.4. Cropping type 

All cropping types. 

3.3.5. Description of the technology 

 Purpose/aim of the technology  3.3.5.1.

Reverse osmosis (RO) is a technology for desalination of brackish or salt (sea) water 
producing demineralised water and a concentrated saline water stream. It is used for large 
scale water treatment for preparing water suitable for drinking and for production 
processes, and for wastewater treatment.  

Treating brackish groundwater for use as irrigation water 

For sustainable greenhouse farming, irrigation water with low sodium content is essential. 
To make brackish groundwater suitable for irrigation, desalination by RO can be used.  
Additionally, RO can be used for the treatment of wastewater streams for subsequent 
recycling or for discharge.  

In horticulture applications, RO is commercially and widely used for treating brackish 
groundwater.  

Treating sea water for use as irrigation water 

Reverse osmosis (RO) is widely used for the desalination of seawater (SWRO) in large scale 
installations which can be used for irrigation purposes especially in the southern part of 
Europe. 

Treating drain-water so can be recycled 

Pilot research has been conducted on treating drain water for recycling and it has provided 
good results. RO for drain water recycling is not yet developed to a commercial solution.  

 Working Principle of operation 3.3.5.2.

Reverse osmosis is a technology that uses a semipermeable membrane to remove ions, 
molecules and larger particles from water. In reverse osmosis, an applied pressure is the 
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driving force, which is needed to overcome the osmotic pressure caused by the amount of 
salt dissolved in the water. Reverse osmosis can remove many types of dissolved and 
suspended particles from water, including bacteria.  It is used in industrial processes and for 
the production of potable (i.e. drinking) water.  

Reverse osmosis systems remove total dissolved ions at a typical rejection rate of 95-99%.  

 

Figure 3-2. Principle of reverse osmosis: A – Applied pressure B – Salt containing water in C – 
Contaminants D – Semi-permeable membrane E – Demineralised water out F – Distribution 

(Wikipedia, 2016) 

For horticultural purposes, low-pressure RO systems have been designed (operating to a 
maximum of 8 bar) to be used on brackish groundwater. These systems can be 
manufactured using plastic materials instead of high-pressure metal equipment.  

When using groundwater, a well for groundwater extraction and re-injection of brine 
concentrate is needed. When using sea water, additional treatment of boron may be 
needed. For treating drain water in substrate cultivation, and to upgrade it to irrigation 
water, the water can be tested to see if pre-treatment is necessary. 

For higher salt contents, like sea water, larger systems with a pressure of up to 60 bars are 
used.  

 Operational conditions 3.3.5.3.

No specific operational conditions.  

 Cost data 3.3.5.4.

Total costs (operating expenses (OPEX) and capital expenditures (CAPEX)) for water: 0,5-3 
€/m³, depending on the scale of the installation. Energy costs (electricity) 2-3 kWh/m³. 

For a typical RO installation to deliver 200 m3/day, an investment of approximately 30000 € 
is required.  

 Technological bottlenecks 3.3.5.5.

Membrane fouling is one of the important bottlenecks. With good pre-treatment and 
monitoring, this can be overcome.  
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 Benefit for the grower  3.3.5.6.

Advantages 

 Continuous water supply  

 Reliable and mature technology 

 Easily scalable, that is it can be adapted to larger capacities, depending on the 
requirement 

Disadvantages 

 Discharge of concentrated streams 

 No selective removal of specific element of compounds when recycling drainage 
water 

 The RO technology produces a concentrate stream (in practice of about 10-50% 
when using brackish groundwater) which must be re-injected  

 Conventional RO membranes are not able to reduce the boron concentration in the 
permeate to below 1 mg/L, which can be harmful to specific crops 

 Supporting systems needed 3.3.5.7.

In general, none; however, when RO systems are to be used in to recover drain water, a 
combination with Ultrafiltration, as a pre-treatment, can be considered.  

 Development phase  3.3.5.8.

 Experimental phase: for treatment and recycling drain water and wastewater 
treatment plant effluent 

 Field tests: several field tests with new design concepts 

 Commercialised: for seawater and groundwater desalination 

 Who provides the technology 3.3.5.9.

There many suppliers all over the world, some are very large companies, like Suez and 
Veolia, but also many small and medium enterprises such as Priva, Bruine de Bruin, 
Lenntech, Logisticon, and Hatenboer. 

 Patented or not 3.3.5.10.

Reversed Osmosis technology is a generic technology. System suppliers build their own 
systems using RO membrane modules from several membrane manufacturers. Special 
aspects or process concepts have been or are being patented, for example the Airo and 
Puro process concepts. 

3.3.6. Which technologies are in competition with this one 

Several other technologies can be used to produce desalinated water. Examples are ion-
exchange, electrodialysis, capacitive di-ionisation, membrane distillation, forward osmosis 
and nanofiltration. See the corresponding technology descriptions, in this chapter, for more 
information. 
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3.3.7. Is the technology transferable to other crops/climates/cropping systems? 

The system is applicable for all types of water streams and since it is built in modular 
systems, it is easy to upscale. 

3.3.8. Description of the regulatory bottlenecks 

 Implementation at the regional level  3.3.8.1.

In general, the discharge of the concentrate is restricted in a number of countries. When 
using reverse osmosis on brackish groundwater that is extracted from the one aquifer, the 
concentrate (brine) can be discharged back into a second aquifer. These brine concentrates, 
10-50% of the total volume, can contain anti-scaling agents. This is causing environmental 
concerns and is not in line with the Water Framework Directive (WFD).  

3.3.9. Brief description of the socio-economic bottlenecks 

There are no specific socio-economic bottlenecks for the use of RO itself. The technology 
has a high level of retention (>99%) of salts and produces demineralised water which is 
considered safe to use. For both groundwater and seawater (SWRO) treatment, there are 
concerns on the environmental effect of the concentrate on aquatic and marine life. 

3.3.10. Techniques resulting from this technology 

There is a big difference in the type of membrane modules (tubular, spiral wound, hollow 
fibres) and in the design of RO systems depending on scale, type of membrane module and 
operating conditions. However, the basic principle is always the same. There are many 
suppliers with their own systems and concepts, but there are no essential differences in the 
technology used. Some special forms are: 

AiRO, where the RO elements are placed vertically and pressurised air is periodically used to 
prevent fouling of the system. 

The PURO concept is an integrated concept where the RO unit is located deep within the 
well itself. The groundwater is treated in the subsurface and pumped to the surface while 
the brine concentrates remain behind. Benefits are that the installation can save energy 
using the pressure of the deep groundwater for the process with a very small footprint (area 
occupied by the system) of the installation. 

3.3.11. References for more information 

[1] Dutch Policy Document: Beleidskader: Goed gietwater glastuinbouw, November 
2012 
[2] Van Os, E. A., Jurgens, R., Appelman, W., Enthoven, N., Bruins, M. A., Creusen, R., ... 
& Beerling, E. A. M. (2012). Technische en economische mogelijkheden voor het zuiveren van 
spuiwater (No. 1205). Wageningen UR Glastuinbouw. Retrieved from 
https://www.glastuinbouwwaterproof.nl/content/3Onderzoek/GW_Substraat_WP5_Busine
sscase.pdf on 06/02/2018 
[3] Kabay, N., & Bryjak, M. (2015). Boron Removal From Seawater Using Reverse 
Osmosis Integrated Processes. Boron Separation Process, 219-235 
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[4] Martinez-Alvarez, V., Martin-Gorriz, B., & Soto-García, M. (2016). Seawater 
desalination for crop irrigation—A review of current experiences and revealed key 
issues. Desalination, 381, 58-70 
[5] Puro, http://www.logisticon.com/nl/puro-concept (Dutch) 
[6] Over, K. N. W., Jong, K. N. W., & Mijn, K. N. W. (2014). Periodiek spoelen met lucht 
en water (AiRO) voorkomt membraanvervuiling in hogedrukfiltratie-membranen. Retrieved 
from https://www.h2owaternetwerk.nl/vakartikelen/355-periodiek-spoelen-met-lucht-en-
water-airo-voorkomt-membraanvervuiling-in-hogedrukfiltratie-membranen on 06/02/2018 
[7] Delft Blue Water project, http://www.delftbluewater.nl/ 
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3.4. Membrane distillation 

(Authors: Wilfred Appelman22, Willy van Tongeren22) 

3.4.1. Used for 

 Preparation of irrigation water 

 More efficient use of water/ reuse 

 Minimising the impact to the environment by nutrient discharge 

 Concentration of aqueous streams e.g. for nutrient recovery 

3.4.2. Region 

All EU regions. 

3.4.3. Crop(s) in which it is used 

All crop types. 

3.4.4. Cropping type 

All cropping types. 

3.4.5. Description of the technology 

 Purpose/aim of the technology 3.4.5.1.

Membrane distillation (MD) combines membrane filtration with distillation to produce clean 
(demineralised) water from different aqueous sources (surface water, drain water). 

 Working principle of operation 3.4.5.2.

The working principle is shown in Figure 3-3. Membrane distillation was originally developed 
for desalination of seawater. The Dutch research institute, TNO has developed the 
Memstill® (membrane distillation) technology, where water from an aqueous feedstock (e.g. 
seawater) is selectively removed by evaporation and subsequent condensation thus 
producing high-quality demineralized-water and brine. Low-grade heat (waste heat) of 
temperatures below 100 °C can be used in this highly efficient process, which is 
characterised by counter-current flow of feedstock and brine in a compact membrane 
module. Major advantages of an MD membrane are the short travel distance for gas water 
vapour (the membrane thickness), allowing very compact installations in comparison with 
the other distillation technologies. A full segregation of the feed stream and the product 
stream is also achieved, which makes possible a very high salt retention. MD technology is 
an important alternative to state-of-the-art techniques for seawater desalination (like RO, 
multi-effect distillation). MD generally uses low-temperature heat, making it suitable for 
using waste heat and/or solar heat. Essentially no additives or antiscalants are needed to 
prevent (bio)fouling of the membrane in the MD module, in contrast to RO. 
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Figure 3-3. Scheme of a membrane distillation process as applied to seawater desalination 

MD has developed into different configurations:  

1) Direct contact MD. Both fluids are in contact with the membrane. The product 
stream circulates over a heat exchanger to remove the condensing heat of produced 
water and to maintain a driving force  

2) Air gap MD. The air gap is used to reduce the “leakage” of heat by conduction 
through the membrane; the conductive leakage has a negative effect on the energy 
efficiency of the process. The disadvantage of this configuration is the additional 
resistance of both the air gap and the layer of condensing water to the transport of 
water vapour, leading to low fluxes (i.e. the production rate per m2 of the 
membrane) 

3) Sweep gas MD. The produced water vapour is transported to an external heat 
exchanger, where the water is condensed, the sweep gas is usually recycled to the 
MD unit 

4) Vacuum MD. The resistance of the air gap is strongly reduced by applying a vacuum. 
The produced water vapour is led to a condensing surface, usually downstream of 
the vacuum pump 

 

Figure 3-4. Various MD configurations: a) direct contact MD, b) air gap MD, c) sweep gas MD and d) 
vacuum MD (Meindersma et al., 2006) 

 Operational conditions 3.4.5.3.

MD can be operated at near ambient pressure and at a temperature range of 40-95 °C. 
Other operational conditions are shown in Table 3-1. The systems consist of series of 
membrane modules, so can be built for broad range of capacities.  
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 Cost data (both in time and €, for installation, maintenance or inputs needed) 3.4.5.4.

Most often MD has been used for seawater desalination. The table below gives an overview 
of the typical technical performance and the specific costs of seawater desalination with MD 
and RO.  

Table 3-1. Summary of operational and performance parameters of seawater desalination with Reverse 
Osmosis (RO) and membrane distillation (MD) (Shahzad et al, 2017). 

Parameters Reverse Osmosis (RO) Membrane Distillation (MD) 

Typical plant size (* 1000 m3/day) Up to 128 24 

Unit capital cost ($/m3/day) 1313 1131 

Operating temperature (°C) ambient 60-90 

Electrical energy consumption 
(kWh/m3 distillate) 1,5-3,65 2,8 

Thermal energy consumption (MJ/m3 
distillate) NA 360 

Thermal energy consumption 
(kWh/m3 distillate) NA 100 

Gain Output Ratio(kgdistillate/kgsteam) NA  

Performance Ratio kgdistillate/MJ) NA Up to 5 

Cost of water ($/m3 distillate) 0,26-0,54 1,17-2,0 

Technology growth trend High - 

Environmental impact: temperature 
Brine discharge at ambient 
temperature 

Discharge is 10-15 °C hotter 
than ambient 

Environmental impact: total 
dissolved solids  (TDS) TDS increase of 50-80% TDS increase of 15-20% 

CO2 emission (kg/m3) 1,7-2,8 7,0-17,6 

CO2 abatement ($/m3) - 0,18-0,35 

Recovery rate (%) 30-50% 60-80% 

Product water (ppm) < 500 < 10 

Ton of seawater required per ton of 
water production 2-4 5-8 

Footprint (m2/(m3/h)) 3,5-5,5   

Shut-down for maintenance > 4/year   

Availability 92-96%   

Plant life (years) 10-15   
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 Technological bottlenecks 3.4.5.5.

Membrane distillation technology is sensitive to the presence of surfactants which may 
cause wetting of the hydrophobic membrane. Therefore, a pre-treatment may be necessary. 
The technology uses heat as the driving force instead of mechanical pressure. Also, very 
concentrated water streams can be processed in comparison with reverse osmosis which is 
pressure driven and is limited by the osmotic pressure of the fluid to be treated. 

Another bottleneck is that, in MD, there is a need for the development of membranes with 
higher fluxes to compete with other desalination technologies like reverse osmosis. 

 Benefit for the grower  3.4.5.6.

Advantages 

 Reliable water quality 

 Easily automated 

 Continuous water supply  

 May replace RO membranes (no full removal of ions)  

 Multivalent ions are separated (sulphates, phosphates, calcium, metals, etc.), 
monovalent ions are partially removed; partial separation of P versus N and K ions  

 Reduction of colour and turbidity 

 Water softening possible 

 Little or no chemicals required  

 Smaller volume of retentate (material retained by the membrane) than RO, with 
lower concentrations of ions also possible to reuse 

 Disinfection of bacteria. It completely removes viruses, bacteriophages and 
macromolecules 

 No chemicals required (except cleaning activities) 

 Few manual actions required (only module replacements) 

Disadvantages 

 Fouling and plugging risks  

 Pre-treatment may be required (pre-filtration 0,1-20 μm) 

 Cleaning may be necessary due to membrane fouling 

 Handling of reject water and rinsing water required 

 Supporting systems needed 3.4.5.7.

Needed for supporting the MD process is: 

 Pre-treatment of the water to be treated 

 Availability of heat 

 Development phase  3.4.5.8.

Field tests: 

As part of the Dutch national project Greenhouse Horticulture Waterproof Substrate 
Culture, the feasibility of Memstill® membrane distillation was studied at a greenhouse 
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horticulture operation using a pilot installation in 2012. The project's goal was to prevent 
emissions of nitrates, phosphates, and pesticides from substrate-grown crops in 
greenhouses. 

The Memstill® pilot installation was able to reduce the concentration in the substrate drain 
water by a factor of 7 to 8, which means that more than 80% of the water can be recovered. 
The pilot shows a high retention of salts and nutrients. The Memstill® technology offers 
possibilities. It is expected that, following market development and upscaling, it will be 
possible to reduce the current initial costs, while the variable costs are now already lower 
than for reverse osmosis. 

On the scale for describing the technology readiness level (TRL), MD can be considered as 
having a readiness of 4-6. That is from validation in laboratory environment 
System/subsystem model towards prototype demonstration in a relevant environment.  

 Who provides the technology 3.4.5.9.

Membrane distillation processes are supplied by various manufacturers. Examples are: 

 Aquastill, NL: http://aquastill.nl/ (modules, system) 

 Hellebrekers Technieken, NL: http://www.hellebrekers.nl/memstill  (system) 

 I3 Innovative Technologies, NL: http://www.i3innovativetechnologies.com/ 
(modules) 

 SolarSpring GMBH, D: http://www.solarspring.de/  (modules, system) 

 Memsys, D: http://www.memsys.eu/ (modules, system) 

 Patented or not 3.4.5.10.

Patents have been granted for specific applications and specific membrane and module 
types. However, MD is a generic technology available for application in horticulture. System 
suppliers build specialised systems using MD membrane modules from one or more 
membrane manufacturers, but also membrane suppliers have their own systems. 

3.4.6. Which technologies are in competition with this one 

Reversed osmosis can be considered as a competitive technology. 

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

The system is applicable for all types of water streams and is easy to upscale because it is a 
modular system. Pre-treatment is an important issue in most applications. Periodical 
chemical cleaning (in situ) of the membrane module may be needed due to membrane 
fouling. 

3.4.8. Description of the regulatory bottlenecks 

There are no known regulatory bottlenecks. 
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3.4.9. Brief description of the socio-economic bottlenecks 

There are no specific socio-economic bottlenecks known yet for the use of MD itself. The 
technology has a high level of retention of salts and other molecules, except for volatile 
molecules. The produced water is usually considered safe to use. The technology has been 
demonstrated for seawater desalination. 

3.4.10. Techniques resulting from this technology 

1) MemPower: high-quality water and power from wastewater and waste heat (see 
animation of TNO MemPower). It is characterised by the production of a high-
pressure distillate from which electricity can be harvested using a hydro turbine 

 

 

Figure 3-5. The principle of MemPower. Power is produced in membrane distillation by throttling of the 
distillate product causing the hydraulic pressure to increase towards the Liquid Entry Pressure (LEP) 

of the membrane. Power (= flow * pressure) can be harvested by a turbine 

2) Osmotic distillation. This technology can be considered as isothermal membrane 
distillation. Instead of using a temperature difference over the membrane as driving 
force, a so-called draw liquid with a high osmotic pressure is used for dewatering of 
the feedstock. The same principle is also used in forward osmosis, with the 
difference that in osmotic distillation water vapour is permeated and no liquid water 

  

Figure 3-6. The principle of Membrane Distillation (left) and Osmotic Distillation (right). (Johnson and 
Nguyen, 2017) 
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3.4.11. References for more information 

[1] Dutch Policy Document: Beleidskader: Goed gietwater glastuinbouw, November 
2012 (https://www.glastuinbouwwaterproof.nl/grond/gietwater/nieuws/goed-gietwater-
beleidskader-voor-duurzaam-geschikt-gietwater-voor-de-glastuinbouw/pagina/7/) 

[2] Van Os, E. A., Jurgens, R., Appelman, W., Enthoven, N., Bruins, M. A., Creusen, R., ... 
& Beerling, E. A. M. (2012). Technische en economische mogelijkheden voor het zuiveren van 
spuiwater (No. 1205). Wageningen UR Glastuinbouw. Retrieved from 
https://www.glastuinbouwwaterproof.nl/content/3Onderzoek/GW_Substraat_WP5_Busine
sscase.pdf on 06/02/2018 

[3] Jansen, A., Assink, W., Hanemaaijer, J., & Medevoort, J. (2007). Membrane 
Distillation—Producing High Quality Water From Saline Streams by Deploying Waste Heat. 
Retrieved from https://www.tno.nl/media/1509/membrane_distillation.pdf on 06/02/2018 
[4] Camacho, L. M., Dumée, L., Zhang, J., Li, J. D., Duke, M., Gomez, J., & Gray, S. (2013). 
Advances in membrane distillation for water desalination and purification 
applications. Water, 5(1), 94-196 
[5] Johnson, R. A., & Nguyen, M. H. (2017). Understanding Membrane Distillation and 
Osmotic Distillation. John Wiley & Sons 
[6] Souhaimi, M. K., & Matsuura, T. (2011). Membrane distillation: principles and 
applications. Elsevier 
[7] Shahzad, M. W., Burhan, M., Ang, L., & Ng, K. C. (2017). Energy-water-environment 
nexus underpinning future desalination sustainability. Desalination, 413, 52-64 
[8] Meindersma, G. W., Guijt, C. M., & De Haan, A. B. (2006). Desalination and water 
recycling by air gap membrane distillation. Desalination, 187(1-3), 291-301 
[9] https://emis.vito.be/en/techniekfiche/membrane-distillation  
 
 
 
 

  

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
https://www.glastuinbouwwaterproof.nl/grond/gietwater/nieuws/goed-gietwater-beleidskader-voor-duurzaam-geschikt-gietwater-voor-de-glastuinbouw/pagina/7/
https://www.glastuinbouwwaterproof.nl/grond/gietwater/nieuws/goed-gietwater-beleidskader-voor-duurzaam-geschikt-gietwater-voor-de-glastuinbouw/pagina/7/
https://www.glastuinbouwwaterproof.nl/content/3Onderzoek/GW_Substraat_WP5_Businesscase.pdf
https://www.glastuinbouwwaterproof.nl/content/3Onderzoek/GW_Substraat_WP5_Businesscase.pdf
https://www.tno.nl/media/1509/membrane_distillation.pdf
https://emis.vito.be/en/techniekfiche/membrane-distillation


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           3-26 

3.5. Forward Osmosis 

(Authors: Wilfred Appelman22, Willy van Tongeren22) 

3.5.1. Used for 

 Preparation of irrigation water 

 More efficient use of water 

 Minimising the impact to the environment by nutrient discharge 

3.5.2. Region 

All EU regions. 

3.5.3. Crop(s) in which it is used 

All crops. 

3.5.4. Cropping type 

All cropping types. 

3.5.5. Description of the technology 

 Purpose/aim of the technology  3.5.5.1.

The purpose of forward osmosis (FO) is to concentrate diluted aqueous streams. The 
technology can deal with a wide range of the brackish water which it concentrates to form 
highly concentrated solutions (brines). Forward osmosis also has the potential to treat 
wastewater by selective water removal using an osmotically active draw solution. For 
recovery of the permeated water, a draw solution recovery system needs to be added to the 
FO system. This can be reverse osmosis (RO) or membrane distillation (MD). 

 Working principle of operation 3.5.5.2.

Forward osmosis is an osmotic process that, like RO, uses a semi-permeable membrane to 
separate water from dissolved solutes. The driving force for this separation is an osmotic 
pressure gradient, such that a “draw” solution of high concentration (relative to that of the 
feed solution), is used to induce a net flow of water through the membrane into the draw 
solution, thus effectively separating the feed water from its solutes. In contrast, the RO 
process uses a hydraulic pressure as the driving force for separation, which serves to 
counteract the osmotic pressure gradient that would otherwise favour water flux from the 
permeate to the feed. Hence, significantly more energy is required for RO compared to FO. 
However, FO requires a draw solution concentration system for recovery of water, and to 
allow reuse of the draw solution. 

An additional distinction between the RO and FO processes is that the permeate water 
resulting from an RO process is in most cases fresh water ready for use. In the FO process, 
this is not the case, because the permeate water dilutes the draw solution. The membrane 
separation of the FO process, in effect, results in a “trade” between the solutes of the feed 
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solution and the draw solution. Depending on the concentration of solutes in the feed 
(which determines its osmotic pressure and which dictates the necessary concentration of 
solutes in the draw to overcome this osmotic pressure) and the intended use of the product 
of the FO process, this step may be all that is required. 

 

Figure 3-7. Principle of the Forward Osmosis system process with FO module (left) and draw 
regeneration unit (right) (Bluetec, 2017) 

 Operational conditions 3.5.5.3.

FO operates at ambient conditions, i.e. atmospheric pressure and room temperature. A 
draw solution with high osmotic pressure is needed to drive the process.  

Various types of draw solutions may be used: a) salt solutions from sodium cloride, 
magnesium chloride, lithium cloride, sulphates, ammonium bicarbonate (i.e. a dissolved 
mixture of ammonia and carbon dioxide), etc., b) solutions using dissolved organic 
compounds such as ethanol, sugars, etc., c) magnetic nanoparticles, concentrated 
wastewater, seawater, etc. 

In some cases, FO can operate without a draw solution recovery system, this is called 
osmotic dilution. An example is the dilution of seawater before desalination by treated 
wastewater over an FO membrane. 

 Cost data (both in time and €, for installation, maintenance or inputs needed) 3.5.5.4.

Limited studies have considered the economic and energetic feasibility of FO systems. For 
seawater desalination, combined FO–RO can potentially reduce the overall cost and energy 
use compared to standalone RO by driving the seawater salinity down in the FO dilution 
step. 

It was estimated that approximately 1,3–1,5 kWh/m3 is needed for an FO–RO system that 
dilutes seawater by drawing water from secondary wastewater effluent. This is lower than 
standalone single-pass RO which has an average energy consumption of around 2,5 
kWh/m3.  

The potential energy savings were estimated by replacing a two-pass RO process and its 
associated pre-treatment step with an integrated FO–RO process. The integrated system 
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resulted in lower specific energy (3 kWh/m3), compared to that of a two-pass RO operating 
at 50% (4 kWh/m3)(Figure 3-8a). A recent study obtained the energy required for standalone 
RO and FO–RO assuming certain efficiency rates for both configurations (Figure 3-8b).  

The energy balance of the FO–RO system still exceeds that of the standalone RO process 
because of the energy penalty associated with the regeneration process. It has been 
established that FO–RO integration may prove to be favourable in a market where per unit 
cost of RO permeate is high (exceeds 0,1 $/m3). The integration of FO with RO can be 
justified as long as the flux in the dilution step is also sufficiently high (exceeds 30 lm2h) 
(Figure 3-8c). This demonstrates a major gap in FO implementation and the need for 
research that can overcome two main obstacles: 1) low permeate flux and 2) high 
membrane cost. 

 

Figure 3-8. Findings comparing FO–RO to standalone RO demonstrate the current divide with regards to 
the economics and energetics of the system. (a) FO/RO outcompetes a standalone two pass RO. (b) 
FO–RO is energetically higher than RO when considering the low efficiency of FO process. (c) Overall 
energy savings using FO–RO would only be observed at flux greater than 30  L/h/m

2
 and in markets 

where the actual cost of standalone RO is already high (Akther et al., 2015) 
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 Technological bottlenecks 3.5.5.5.

The fundamental performance characteristics of FO membranes are: 

1) High water permeability 
2) Low salt permeability 
3) Structure of support layer with low Internal Concentration Polarisation. Internal 

Concentration Polarisation results in a lower driving force over the membrane, and 
therefore a lower water permeates flux, as would be expected based on the 
concentration of dissolved species in the bulk phases at both sides of the membrane 

For the draw solution, it is necessary to have a high osmotic pressure and simultaneously 
that it can be dewatered at low energy consumption after it has been diluted with permeate 
water. 

 Benefit for the grower  3.5.5.6.

Advantages 

 FO operates at mild process conditions (low or no hydraulic pressures, ambient 
temperature) 

 FO has high rejection of a wide range of contaminants 

 FO utilises a high driving force obtained from the draw solution (an aqueous solution 
of 5 M magnesium chloride already generates a driving force of 1000 bar) 

 FO may have a lower membrane fouling propensity than pressure-driven membrane 
processes 

 FO equipment is very simple and easily scalable, and membrane support is less of a 
problem relative to RO 

 FO concentrates the feed stream at mild conditions i.e. without mechanical or 
thermal degradation 

 Energy can be harvested from the mixing of water and draw solution by Pressure 
Retarded Osmosis 

Disadvantages 

Disadvantages of FO systems (compared to RO systems) are that the process does not 
provide high-quality water in a single step. After the FO step, the high-quality water is mixed 
with the drawing solution and a second stage (RO, MD) is necessary to recover the water 
and regenerate the draw solution. Since the technology is new to the horticulture, as yet 
there is no practical experience. 

 Supporting systems needed 3.5.5.7.

To operate an FO process, a draw solution is needed. The concentrated solution on the 
permeate side of the membrane is the source of the driving force in the FO process. 
Different terms used to describe the source of the driving force, such as osmotic agent, 
osmotic media, driving solution, osmotic engine, sample solution, or just brine. When 
selecting a draw solution, the main criterion is that it has a higher osmotic pressure than the 
feed solution. 
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 Development phase 3.5.5.8.

Experimental phase: The technology is TRL level 4 to 7. Through feasibility studies and 
duration tests with a pilot plant for sewage treatment, this technology will be further 
developed in the Eurostars route to a TRL level 7. Then a further scaling up to a demo plant 
will follow to reach TRL 9. 

 Who provides the technology 3.5.5.9.

Forward Osmosis processes are supplied by various manufacturers. One example is: Bluetec, 
NL: http://www.blue-technologies.nl/technologies-forwardosmosis  

 Patented or not 3.5.5.10.

The principle of FO has been known for some time. New patents can be generated 
concerning high-performance membranes and modules. 

3.5.6. Which technologies are in competition with this one 

Reverse osmosis and MD can be considered as a competitive technology, but these 
technologies could also be complementary to FO (or opposite) because they can be applied 
for water recovery and the regeneration of the draw liquid.  

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

The system is applicable for all types of aqueous streams (seawater, wastewater, liquid 
foods, etc.) and is easy to upscale because it is a modular system. Pre-treatment may be an 
important issue in many applications. 

3.5.8. Description of the regulatory bottlenecks 

There are no known regulatory bottlenecks. 

3.5.9. Brief description of the socio-economic bottlenecks 

Being an innovative technology, it requires specific knowledge to implement the system. As 
yet, there have been no applications in horticulture.  

3.5.10. Techniques resulting from this technology 

Energy can be harvested from mixing the permeate water and the draw solution in a 
process called Pressure Retarded Osmosis. An additional technology is needed for recovery 
of the draw liquid of FO. 

3.5.11. References for more information 

[1] Dutch Policy Document: Beleidskader: Goed gietwater glastuinbouw, November 
2012 (https://www.glastuinbouwwaterproof.nl/grond/gietwater/nieuws/goed-gietwater-
beleidskader-voor-duurzaam-geschikt-gietwater-voor-de-glastuinbouw/pagina/7/) 
[2] Van Os, E. A., Jurgens, R., Appelman, W., Enthoven, N., Bruins, M. A., Creusen, R., ... 
& Beerling, E. A. M. (2012). Technische en economische mogelijkheden voor het zuiveren van 
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spuiwater (No. 1205). Wageningen UR Glastuinbouw. Retrieved from 
https://www.glastuinbouwwaterproof.nl/content/3Onderzoek/GW_Substraat_WP5_Busine
sscase.pdf on 06/02/2018 
[3] Cath, T. Y., Childress, A. E., & Elimelech, M. (2006). Forward osmosis: principles, 
applications, and recent developments. Journal of Membrane Science, 281(1-2), 70-87  
[4] Lutchmiah, K., Verliefde, A. R. D., Roest, K., Rietveld, L. C., & Cornelissen, E. R. (2014). 
Forward osmosis for application in wastewater treatment: a review. Water Research, 58, 
179-197 
[5] IDA World Congress – Perth Convention and Exhibition Centre (PCEC), Perth, 
Western Australia September 4-9 (2011), 
http://www.modernwater.com/assets/pdfs/PERTH%20Sept11%20-
%20FO%20Desal%20A%20Commercial%20Reality.pdf 
[6] https://www.waterinnovatieprijs.nl/project2016/forward-osmose/  
[7] Akther, N., Sodiq, A., Giwa, A., Daer, S., Arafat, H. A., & Hasan, S. W. (2015). Recent 
advancements in forward osmosis desalination: a review. Chemical Engineering 
Journal, 281, 502-522 
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3.6. Electrophysical precipitation 

(Authors: Wilfred Appelman22, Willy van Tongeren22) 

3.6.1. Used for 

 Preparation of irrigation water 

 Minimising the impact to the environment by nutrient discharge 

3.6.2. Region 

All EU regions. 

3.6.3. Crop(s) in which it is used 

All crops. 

3.6.4. Cropping type 

All cropping types. 

3.6.5. Description of the technology 

 Purpose/aim of the technology  3.6.5.1.

Electrophysical precipitation (EpF) replaces conventional chemical flocculation techniques 
with the advantage that the flocculants are made available electrolytically from solid-state 
electrodes. 

 Working Principle of operation 3.6.5.2.

In EpF the water that has to be treated is passed through a reactor, in which an electric 
current flows past sacrificial electrodes. This results in electrochemical reactions; the 
sacrificial electrodes dissolve, releasing their metal ions. Metal hydroxide flocs are produced 
in the process. These electrolytically-generated metal hydroxide flocs have a high 
adsorption capacity and can bind to dispersed particles. In addition, there are co-
precipitation and occlusion precipitation reactions, in which dissolved organic and inorganic 
substances are precipitated. The precipitated or adsorbed substances can then be separated 
mechanically. 

 

Figure 3-9. Illustration of lab scale principle of electro-coagulation 
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Figure 3-10. An example of a pilot installation for electrophysical precipitation in a horticultural 
greenhouse 

 

Figure 3-11. An example of a pilot installation for electrophysical precipitation in a horticultural 
greenhouse 

 Operational conditions 3.6.5.3.

There is no limit on scale and capacity. It depends on the application. 

 Cost data 3.6.5.4.

This has to be determined by the specific application and at this moment there are no cost 
data available. 

 Technological bottlenecks 3.6.5.5.

For the current application of this technology, no technological bottlenecks are known. 

 Benefit for the grower  3.6.5.6.

Advantages 

 Economically attractive and sustainable solution for the purification of industrial, 
process waters, and wastewaters 

 No increase in salinity – recirculation is possible 

 Robust process – discharge criteria can be met safely, reliably and lastingly 

 Available quickly – standby operation possible 

 Suitable for varying quantities of wastewater and pollutant load 

 Minimal maintenance – staff savings and increased reliability 

 Low energy consumption 

 Iron or aluminium electrodes are inexpensive, readily available and easy to handle 
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 Using this process there are no costs for the purchase, handling, or the dispersal of 
flocculants 

Disadvantages 

 Pre-treatment may be required (pre-filtration 0,1-20 μm). Spiral wound modules 
always require pre-treatment 

 Maybe sensitive to fouling  

 Handling of reject water and rinsing water required 

 Electrolysis gases (hydrogen formation) 

 Supporting systems needed 3.6.5.7.

Since it is only aimed at lowering the concentration of scalable salts as phosphates and total 
organic carbon, pre-treatment of the water is needed. In the installation below, aimed at 
complete water cycle closure, the Epf is only part of the total installation (Figure 3-12). 

 

 

Figure 3-12. Scheme of the research plant for industrial research “Good pouring water”. 1) pH control 
and a static mixer, 2) electro-coagulation, 3) candle filter, 4) disc filter, 5) intermediate storage 6) 

advanced oxidation, 7) reversed osmosis and 8) activated carbon filter 

 Development phase 3.6.5.8.

Experimental phase: A pilot plant has been running [2015] with 0,1-1 m3/h flow. The 
technology has been proven to remove organics as well as phosphates. The technology has 
yet to be tested for application in fertigation on a commercial scale. 

 Who provides the technology 3.6.5.9.

 Fraunhofer IGB 

 Hellebrekers Technieken (NL) 

 Patented or not 3.6.5.10.

Installation for electrophysical precipitation is general unit operation. The precise 
dimensioning and characteristics, for example, to be used in a horticultural greenhouse 
could be protected by intellectual property rights. 
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3.6.6. Which technologies are in competition with this one 

 Conventional chemical flocculation techniques 

 Dosing commercial chemicals 

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

This technology can be applied to all crops. 

3.6.8. Description of the regulatory bottlenecks 

 Implementation at the regional level  3.6.8.1.

There may be requirements for the materials used for electrodes. Copper/aluminium 
electrodes can result in increased concentrations of these elements in the water. 

3.6.9. Brief description of the socio-economic bottlenecks 

There are no specific socio-economic bottlenecks for the use of MD itself. The technology 
has a high level of retention, except for volatile molecules; and the produced water is 
usually safe to use. 

3.6.10. Techniques resulting from this technology  

Not known. 

3.6.11. References for more information 

[1] Sherer T. 2017. Retrieved from 
http://www.igb.fraunhofer.de/en/research/competences/physical-process-
technology/process-and-wastewater-purification/water-treatment/electrophysical-
precipitation.html 
[2] Commercial presentation of Fraunhofer, 2017. Retrieved from 
http://www.igb.fraunhofer.de/content/dam/igb/de/documents/Brosch%C3%BCren/Process
_water_treatment_by_oxidative_and_electrolytic_processes.pdf 
[3] Appelman 2015, Feasibility report Pilotonderzoek Goed gietwater op 
opkweekbedrijven. Retrieved from 
https://www.glastuinbouwwaterproof.nl/onderzoeken/15116_pilotonderzoek_goed_gietw
ater_op_opkweekbedrijven/ 
[4] Feenstra et. al. 2012 Verwijdering van fosfaat uit drainagewater: elektrocoagulatie 
biedt perspectieven. Retrieved from H2O magazine, nr 11, 2012 
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3.7. Electrodialysis 

(Authors: Wilfred Appelman22, Willy van Tongeren22) 

3.7.1. Used for 

 Preparation of irrigation water 

 More efficient use of water 

 Minimising the impact to the environment by nutrient discharge 

3.7.2. Region 

All EU regions. 

3.7.3. Crop(s) in which it is used 

All crops. 

3.7.4. Cropping type 

All cropping types. 

3.7.5. Description of the technology 

 Purpose/aim of the technology  3.7.5.1.

Electrodialysis (ED) is a membrane process that is used to remove ions from solutions. 

 Working Principle of operation 3.7.5.2.

Electrodialysis is used to transport salt ions from one solute, through ion-exchange 
membranes, to another solute under the influence of an applied electric potential 
difference. This is done in a configuration called an ED cell. The cell consists of a feed (dilute) 
compartment and a concentrate (brine) compartment formed by an anion exchange 
membrane and a cation exchange membrane placed between two electrodes. In almost all 
practical ED processes, multiple ED cells are arranged in a configuration called an ED stack, 
with alternating anion and cation exchange membranes forming the multiple ED cells. 
Electrodialysis processes are different from distillation techniques and other membrane-
based processes (such as reverse osmosis (RO)) in that dissolved particles are moved away 
from the feed stream rather than the reverse. Because the quantity of dissolved particles in 
the feed stream is far less than that of the fluid, ED offers the practical advantage of much 
higher feed recovery in many applications. A schematic representation of an experimental 
set-up is shown in Figure 3-13. 
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Figure 3-13. Schematic representation of the used set-up for Electrodialysis experiments (RESFOOD, 2015) 

An electric current migrates dissolved salt ions, including nitrates and sodium, through an 
ED stack consisting of alternating layers of cationic and anionic ion exchange membranes. In 
the pilot set-up, monovalent selective membranes were used. This will separate the 
monovalent ions such as sodium and potassium from the valuable multivalent ions such as 
phosphate. Periodically, the direction of ion flow is reversed by reversing the polarity of the 
applied electric current. This will decrease the fouling of the membranes. 

The overall flowchart of the pilot setup is shown in Figure 3-14.  

 

Figure 3-14. Flowchart ED pilot setup in horticulture (RESFOOD, 2015) 

 

Figure 3-15. ED pilots (IEC, 2017) 

 Operational conditions 3.7.5.3.

Although ED is a known process in the industry, there is little knowledge of full-scale 
implementations, with most current installations being smaller in scale. Due to the 
specificity of each application, extensive testing will be needed for a full-scale 
implementation. 
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Membrane pollution can occur in ED operation. It is recommended to remove dispersed 
particles, colloids or humus acids in advance. Sand filtration, cartridge filtration, 
microfiltration, ultra-filtration, flocculation methods or active carbon can be used for 
specific removal of these materials. Oils and fats must also be removed (by coagulation or 
active carbon). Regular membrane cleaning with specific cleaning products (acids, bases, 
etc.) may be necessary in a number of cases. The average life-span of ED membranes is 
between 5 and 7 years. 

As a general rule of thumb, in practice, a limit of 3000 ppm of dissolved substances is 
regarded as the limit between cost-effective treatment via reverse osmosis and ED. If the 
concentration of dissolved substances is less than 3000 ppm, ED can be used, and if above 
3000 ppm then reverse osmosis is more suitable. Another argument in favour of ED could be 
the need for high feed recovery.  

 Cost data 3.7.5.4.

The major costs in ED are the membrane and electricity costs. The limiting current density 
determines the price of the ED process. Cost prices may vary greatly depending on the type 
of wastewater. In the RESFOOD project, an estimate was given based on a system which has 
a pre-treatment (Fleck filter, multimedia combined sand filter) together with an interest 
rate of 5%. The depreciation on the installation can be taken for 10 years while the 
membrane modules have a typical depreciation time of 5 years. The expected energy use of 
ED systems is about 0,05 kWh/m3, with energy costs of approximately 0,08 €/kWh.  

For an ED installation of the scale of 1-10 m3/h (3500-50000 m3/year), the CAPEX varies 
from 9-64 k€/year with an OPEX from 2-15 k€/year increasing with the size of the 
installation. Typical treatment costs (€/m3) decrease with the size from 2,6 to 1,3 (€/m³). 

 Technological bottlenecks 3.7.5.5.

For a classic ED system, one only needs three simple (separate) liquid circuits: the dilutant 
flow, the concentrate flow, and the electrolyte for which volumes must be configured. 
Standard stacks are available with membranes appropriate for the required application. A 
standard electrical power supply is also available. For parameter optimisation, one can first 
run an ED pilot which contains specific instruments for following-up the process during the 
ED tests. Such instruments measure pressure, volume, temperature, pH and conductivity. 
Once conditions have been optimised for a particular application, an industrial installation 
can, in principle, operate independently without extensive instrumentation, once the 
optimised parameters have been set for the process limits. In this regard, an ED installation 
offers a fairly high operational certainty if (incidental) membrane pollution is prevented. 

The current density limit is a limiting factor in ED. The last stack, with the lowest dilutant out 
concentration, is where the risk of limiting current density can occur. It is therefore 
recommended to determine the limiting current density via experiments and to use it in ED 
design software to determine the optimum (series) stack configuration (total length and 
total membrane surface). ED design is, as a result of concentration specifications, fully 
determined by the specific application. 
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Electrodialysis has inherent limitations, working best at removing low molecular weight 
ionic components from a feed stream. Uncharged, higher molecular weight, and less mobile 
ionic species will generally not be appreciably removed. Also, in contrast to RO, ED becomes 
less economical when extremely low salt concentrations are required in the product. 
Consequently, comparatively large membrane areas are required to satisfy capacity 
requirements for low concentration (and with low conductivity) feed solutions. 

 Benefit for the grower  3.7.5.6.

Advantages 

 Continuous operation of an ED system with a horticulture water supply can decrease 
the concentration of sodium in the circulation water 

 Generally, in practice, a limit of 3000 ppm of dissolved substances is regarded as the 
limit between cost-effective treatment via reverse osmosis and ED: Thus, ED if lower 
than 3000 ppm and reverse osmosis if above 3000 ppm. Another argument in favour 
of ED could be the need for high feed recovery 

Disadvantages 

A disadvantage of continuously running an ED system is the removal of nutrients like nitrate 
and potassium.  

 Supporting systems needed 3.7.5.7.

As with RO, ED systems require feed pre-treatment to remove species that coat, precipitate 
onto, or otherwise “foul” the surface of the ion exchange membranes. This fouling 
decreases the efficiency of the ED system. Particles of concern include calcium and 
magnesium compounds, suspended solids, silica, and organic compounds. Water softening 
can be used to remove hardness, and micrometre or multimedia filtration can be used to 
remove suspended solids. Water hardness, in particular, is a concern since scaling can build 
upon the membranes. Various chemicals are also available to help prevent scaling. Also, ED 
systems, with the capacity or reverse flow, ED-R, seek to minimise scaling by periodically 
reversing the flows of dilute and concentrate and polarity of the electrodes. 

Suspended solids with diameters that exceeds 10 µm need to be removed, or else they will 
plug the membrane pores. There are also substances that are able to neutralise a 
membrane, such as large organic anions, colloids, iron oxides and manganese oxide. These 
disturb the selective effect of the membrane. Pre-treatment methods, which aid the 
prevention of these effects are active carbon filtration (for organic matter), flocculation (for 
colloids) and filtration techniques. 

 Development phase 3.7.5.8.

Electrodialysis is an established process in different industries. In horticulture, the 
technology is not currently being used. However, relevant research has been conducted and 
is on-going. For example, in the RESFOOD (www.resfood.eu) project, which aimed to 
develop and test/demonstrate innovative “green” solutions for resource efficient and safe 
food production and processing. 
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 Research: In the EU RESFOOD (project the selective removal of monovalent ions 
from water has been demonstrated in both lab and practical setup. In RESFOOD, ED 
showed good potential. An average of 70% of monovalent ion removal selectivity 
was achieved in the pilot setup under demanding conditions 

 Field tests: Operation of an ED system in a horticultural environment is capable of 
good performance if sufficient pre-treatment is available. Pre-treatment is required 
to prevent biological fouling and to prevent any organic material from clogging the 
ED cell. Taking into account that the pilot setup was a converted lab setup, it can be 
expected that a large-scale set-up will be a more resilient system. Continuous 
operation of an ED in a horticulture water supply can decrease the concentration of 
sodium in the circulation water. A disadvantage of continuously running the ED is the 
removal of nutrients like nitrate and potassium. The research to the effect of the ED 
technology on crop production performance and quality was not conclusive. There 
were effects of elevated sodium levels in the irrigation water on the crop production 
but this could not be determined as a quantitative significant effect 

 Commercialised: ED systems are not yet commercialised for horticulture. The current 
state of the art in greenhouse horticulture production is the use of soilless growing 
systems using substrate materials and with recirculation of drain water; these 
systems are very efficient in terms of the water footprint. However, the recirculation 
of water results in the accumulation to harmful concentrations of sodium and other 
monovalent ions, as ballast components which not used by the crops. Consequently, 
the recirculating water must be periodically drained. Because this also implies 
emission of crop protecting agents, it is expected that measures such as completely 
closing the water cycle or the compulsory use of water treatment units will become 
compulsory. 

 Who provides the technology 3.7.5.9.

Several suppliers, for example: 

 IEC, www.iec.be  

 Logisticon Water Treatment, www.logisticon.com/en  

 GE's Water & Process Technologies,  

www.gewater.com/products/Electrodialysis-reversal-water-treatment  

 Lenntech, www.lenntech.com/Electrodialysis.htm  

 Novasep, www.novasep.com/technologies/industrial-Electrodialysis-technology.html  

 MEGA a.s., http://ralex.eu/Horni-navigace/Kontakty.aspx  

 Patented or not 3.7.5.10.

Although ED is a general technology, different suppliers and manufacturers use optimised 
systems protected by patents and other intellectual property rights. 
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3.7.6. Which technologies are in competition with this one 

Other desalination technologies are in competition with is capacitive deionisation (CDI, etc.) 
as well as ion exchange, reversed osmosis and nanofiltration. 

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

The technology is transferable to any crop, climate and cropping system, as long as the 
water is of such quality that there is less than 3000 ppm of dissolved substances in general. 
Pre-treatment is needed otherwise. 

3.7.8. Description of the regulatory bottlenecks 

 Implementation at the regional level  3.7.8.1.

In general, the discharge of the concentrate resulting from ED processes is restricted in a 
number of countries.  

It is expected that this situation will be comparable to the regulations for concentrates 
resulting from reversed osmosis. When using reverse osmosis on brackish groundwater, a 
concentrate remains (the brine) which is often discharged back into subsurface water. These 
brine concentrates, 10-50% of the total volume, can contain anti-scaling agents. This is 
causing environmental concerns and are practices that are not consistent with the 
requirements of the WFD. 

3.7.9. Brief description of the socio-economic bottlenecks 

The use of ED in (semi) closed horticultural growing systems can eliminate the need to 
purge the water when sodium concentrations build up. In countries like The Netherlands 
where companies that purge are required to have treatment technologies to remove crop 
protecting agents, the use of ED may avoid the need to invest in those treatment 
technologies. However, then growers lose the possibility to purge water for other reasons. 
This is an approach towards sustainable water management in horticulture that is only 
slowly becoming common practice. 

3.7.10. Techniques resulting from this technology  

Several technologies based on the ED exist, such as ED-R. This modified form of ED may help 
to largely avoid membrane pollution. In ED-R, the voltage at the electrodes is reversed every 
30 to 60 minutes, simultaneously with the dilutant and concentration flow. This reverses the 
direction of ion transport (thus also the transport of pollutant substances), whereby the 
membrane is cleaned each time. Surface-active substances with polar groups may cause 
serious, perhaps irreparable, pollution to membranes.  

3.7.11. References for more information 

[1]  VITO EMIS WASS. Retrieved from 
https://emis.vito.be/en/techniekfiche/elektrodialysis 
[2]  Torres Vílchez, M., U H2020 RESFOOD project, GA No. 308316, Appelman e.a., 
Treatment of drainage water of substrate growth and re-use of Water and Nutrients , 
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Deliverable No. D8.3. Retrieved from http://www.resfood.eu/web/wp-
content/uploads/RESFOOD-D8.3-PU-Treatment-of-drainage-water-of-substrate-growth.pdf 
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3.8. Iron removal 

(Authors: Waldemar Treder12, Jadwiga Treder12, Ockie Van Niekerk16) 

3.8.1. Used for 

Preparation of irrigation water. 

3.8.2. Region 

All EU regions. 

3.8.3. Crop(s) in which it is used 

All crops. 

3.8.4. Cropping type 

All cropping systems. 

3.8.5. Description of the technology 

 Purpose/aim of the technology  3.8.5.1.

Iron can be removed from groundwater by a process which combines oxidation, 
precipitation and filtration.  

Iron is one of the most abundant metals of the Earth, commonly found in soil and water. 
Iron may be present in water in the following five forms: dissolved ionic, dissolved inorganic 
complexes, dissolved organic complexes, colloidal or suspended. The state of the iron in 
water depends, above all, on the pH and the redox potential. In groundwater, iron occurs 
usually in reduced form (bivalent iron in the dissolved form ferrous iron (Fe2+) or Fe(OH)+), 
but as soon as the water is pumped up for irrigation, partial oxidation occurs. In aerated 
water, the redox potential of the water is such as it allows oxidation of the Fe2+ to ferric iron 
(Fe3+), which precipitates as ferric hydroxide (Fe(OH)3). This precipated material is a 
potential clogging hazard in micro-irrigation systems. The concentration of iron in natural 
waters is frequently limited by the solubility of its carbonate form. Therefore, waters with 
high alkalinity often have lower iron contents than waters with low alkalinity. Water 
containing iron can be a very good environment for the growth of chemotropic bacteria. 
Bacteria, that grow well in iron rich aquatic environments (iron bacteria) such as 
filamentous genuses like Gallionella Sp. Leptothris and Sphaerotilus and also rod type 
genera such Pseudomonas and Enterobacter, react with the Fe2+ through an oxidation 
process. This changes the iron form to Fe3+ which is insoluble. The insoluble Ferric iron is 
surrounded by the filamentous bacteria colonies which creates a sticky iron slime gel that is 
responsible for clogging of drippers. Concentrations of Fe2+as low as 0,15-0,22 ppm are 
considered as a potential hazard to drip systems. Practically any water that contains 
concentrations higher than 0,5 ppm of iron cannot be used with drip irrigation systems.  
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 Working Principle of operation 3.8.5.2.

The removal of iron from water is performed in two stages, chemical and physical:  

Chemical stage – Oxidation → Precipitation 

Iron oxidation and its removal is based on the transformation of the soluble form of Fe2+ to 
an insoluble form (Fe3+). In simplified notation, 

4 Fe2+ + O2+ 2 H2O → 4 Fe3++ 4 OH  

4Fe3+ + 4 0H-+ 8 H2O →4 Fe(OH)3+ 8 H+ 

This equation shows that about 0,14 mg of oxygen is required for the oxidation of 1 mg of 
iron. Therefore, the oxygen concentration in aerated water is theoretically sufficient for the 
complete oxidation of iron normally present in natural groundwater. Oxidation also 
prevents the growth of iron bacteria, which together with residues, represent a clogging risk 
for micro-irrigation emitters. Iron can be oxidised using air or oxidising materials, such as 
chlorine, hydrogen peroxide, potassium permanganate, chlorine dioxide, ozone or a 
combination of aerobic oxidation. Iron oxidation by air is relatively cheap and most popular. 
After oxidation, insoluble iron hydroxide particles sediment to the bottom of the reservoir. 
In a closed system, air is injected into the irrigation system (before the filters) by air 
compressor or by injectors. When iron is oxidised by means of pressurised air, the oxygen 
concentration in the water rises in direct proportion to the air pressure in the system. The 
rise in oxygen concentration increases the iron oxidation rate considerably. 

Physical stage - Filtration 

After precipitation, iron hydroxide flocs are removed in rapid sand filters. The oxide particles 
are very small (1,5-50 μm); therefore, only sand filters can be used effectively. Rapid sand 
filtration is the preferred method since it is more economical, less complicated and 
generally avoids the use of chemicals.  

Figure 3-16. Scheme of the iron removal process (Source: Waldemar Treder) 

Iron oxidation by air can be executed in an open water reservoir or directly in a closed 
system. In open system systems several aeration systems are used for water aeration and 
efficient iron oxidation: cascades, spray aeration, tower aeration (co-current and counter 
current), venturi aeration, and plate aeration. This generates maximum surface-area 
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exposure and contact time. In open systems under pH neutral or basic conditions (pH > = 7), 
over 70% of the iron is oxidised when exposed to air for about 30 minutes. 

 Operational conditions 3.8.5.3.

The speed of the process depends on the pH of the water. When the pH is high, the 
oxidation of iron by air is fast. When the pH is low, the process is slower. Other water 
quality parameters like alkalinity (bicarbonate concentration), temperature, organic matter 
and some elements/ions have also been reported as having a significant effect on the rate 
of oxidation of iron.  

The volume of the oxidation unit must be planned according to the capacity of the water 
pumping system. The time of contact should be long enough to allow a total oxidation of the 
iron according to the water pH. With larger volume reservoirs, it is useful to allowing an 
additional day or more, for sedimentation 

Oxidation by aeration can be effective when the pH is higher than 7, the concentration of 
Fe2+ is <5 ppm, and little or no organic matter or other reducing agents are present. In acidic 
water with a pH level lower than 5,8, iron is found in a dissolved state and is very difficult to 
remove; however, in small concentrations, it does not lead to clogging. In systems that use 
compressed air for oxidation, vigorous mixing is required to ensure that the air dissolves and 
remains in the water for a long time, in order to oxidise the iron prior to water filtration. The 
addition of a hydro cyclone filter before the gravel (or sand) filters ensures that the air or 
oxidising agent is mixed well into the water and that some of the iron deposits are already 
separated. The addition of a long piece of wide-diameter (low velocity) pipe or a pressure 
tank can offer a simple and cheap solution for extending the total oxidation time. Iron 
removal requires low-velocity filtration, not exceeding 12,5 m3/h. The size of the gravel 
affects the filter's absorption and the planned flow rate. For the accepted flow rate 
described above, quartz sand with grains of 0,65-0,85 mm in diameter and a depth of at last 
60 cm can be used. 

 Cost data 3.8.5.4.

For an example of a system used with a Fe2+ concentration of about 2 ppm and a flow rate 
of 10 m3/h: 

The components are: an aeration pump, rapid sand filter 2 tanks x 850 mm, a mixing tank 
and a disc filter. This system costs about 4300 €. 

 Technological bottlenecks 3.8.5.5.

Iron hydroxide formed after oxidation is a complex of different iron hydroxide species and 
the referral to Fe(OH)3 is a simplification. Therefore, the effectiveness of this technology 
depends upon many physical and chemical factors which must be taken into account when 
designing the complete system. 
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 Benefit for the grower  3.8.5.6.

Advantages 

 Reliable water quality 

 Automated easily 

 Continuous water supply  

 Low cost 

 Simple operation 

 Long-term use 

 No chemicals required  

Disadvantages 

 The space required  

 Handling of reject water and rinsing water required 

 Limited ability to remove iron 

 Supporting systems needed 3.8.5.7.

The removal of rinsing water could require temporary storage. 

 Development phase  3.8.5.8.

Commercialised: many examples, e.g. whey treatment, wastewater, drinking water 
production. 

 Who provides the technology 3.8.5.9.

Several suppliers:  

 Wigo-Gąsiorowski, Poland 

 Agrofim, Poland  

 PPHU Soldrip Sp. z o.o., Poland 

 TANAKE ul., Poland 

 Mais automatisering, Belgium 

 Hortiplan, Belgium 

 Patented or not 3.8.5.10.

This technique has not been patented. 

3.8.6. Which technologies are in competition with this one 

Air or chemical oxidation and microfiltration. 

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

The system is widely applicable for all types of water streams and is easy to upscale because 
it is a modular system. Pre-treatment is an important issue in most applications. 
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3.8.8. Description of the regulatory bottlenecks 

There are no regulatory bottlenecks known. 

3.8.9. Brief description of the socio-economic bottlenecks 

There are no specific socio-economic bottlenecks for the use iron removal systems.  

3.8.10. Techniques resulting from this technology  

Not known. 

3.8.11. References for more information 

[1] Koegelenberg, F., & van Niekerk, R. (2001). Treatment of low quality water for drip 
irrigation systems. Published by the ARC-Institute for Agricultural Engineering (ARC-ILI) 
[2] Nakayama, F. S., & Bucks, D. A. (1991). Water quality in drip/trickle irrigation: a 
review. Irrigation Science, 12(4), 187-192 
[3] Netafim. Drip maintenance: Iron and manganese removal 
[4] Saroj Kumar Sharma (2001). Adsorptive Iron Removal from Groundwater. 
DISSERTATION 
[5] Submitted in fulfilment of the requirements of the Academic Board of Wageningen 
University and the Academic Board of the International Institute for Infrastructural, 
Hydraulic and Environmental Engineering for the Degree of DOCTOR. 2001 Swets & 
Zeitlinger B.V., Lisse 
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3.9. Capacitive Deionisation 

(Authors: Wilfred Appelman22, Willy van Tongeren22) 

3.9.1. Used for 

 Preparation of irrigation water 

 More efficient use of water 

 Minimising the impact to the environment by nutrient discharge 

3.9.2. Region 

All EU regions. 

3.9.3. Crop(s) in which it is used 

All crops. 

3.9.4. Cropping type 

All cropping types. 

3.9.5. Description of the technology 

 Purpose/aim of the technology  3.9.5.1.

Capacitive deionisation (CDI), also called capacitive desalination, electrochemical 
desalination or flow-through capacitor, is a desalination method. CDI technology was 
developed as a non-polluting, energy-efficient and cost-effective alternative to desalination 
technologies such as reverse osmosis and electrodialysis. 

 Working Principle of operation 3.9.5.2.

In Capacitive Deionisation, water flows through a cell where an electrical field is created by 
a pair of electrodes. Ions are attracted toward the electrodes and accumulated. Different 
concepts have been developed: 

 Membrane-based systems: the electrodes are separated from the water by 
membranes that selectively allow only positive or negative ions to pass 

 Flow-through systems: in flow-through electrode CDI systems, the feed water flows 
through the electrodes, instead of flowing between them  

 Hybrid systems: an electric field is used to draw sodium and chloride ions across ion-
exchange membranes 

 Entropy battery systems: instead of storing charge in the electrical double layer at 
the surface of the electrode, it is held in the chemical bonds, which is the bulk of the 
electrode 

The operation of a conventional CDI system cycles through two phases: an adsorption phase 
where water is desalinated and a desorption phase where the electrodes are regenerated. 
During the adsorption phase, a potential difference over two electrodes is applied, and ions 
are then adsorbed from the water. The ions are transported through the interparticle pores 

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           3-49 

of the porous carbon electrode to the intraparticle pores, where the ions are electrosorbed 
in the so-called electrical double layers. After the electrodes are saturated with ions, the 
adsorbed ions are released for regeneration of the electrodes. The potential difference 
between electrodes is reversed or reduced to zero. In this way, ions leave the electrode 
pores and can be flushed out of the CDI cell resulting in an effluent stream with a high salt 
concentration, the so-called brine stream or concentrate. Part of the energy input required 
during the adsorption phase can be recovered during this desorption step. 

  

Figure 3-17. Operation of a conventional CDI system, step 1 adsorption (left) and step 2 desorption to 
regenerate the electrodes (right) 

The working principle of a membrane-based CDI process is explained, based on the 
commercial CDI process CapDI, in the figure below.  

 

Figure 3-18. 3-step Membrane-based CDI process of water purification (CapDI) (Voltea, 2017) 

Step 1. Purification: As saline water flows into the CapDI module, the oppositely charged 
electrodes attract the ions and pulls them through the selective membranes where the ions 
collect on the electrodes. Clean, desalinated water flows out of the system. 

Step 2. Regeneration: Once the surfaces of the electrodes become saturated with ions, they 
are regenerated by reversing the electrical charge of the electrodes. Since identical charges 
repel, the ions are pushed out of the electrodes and become trapped between the 
membranes. 

Step 3. Flushing: The concentrated brine between the two membranes is flushed from the 
system. The charge of the electrodes is returned to normal and the system is again ready to 
desalinate. 
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 Operational conditions 3.9.5.3.

The feed water quality requirements are that the total dissolved solids (TDS) should be < 
2500 mg/L. 

The footprint (surface area required) is relatively low as only a few square meters are 
needed for the installation. Possible outside buffer zones may also be required. 

Limitations that a commercial CDI system would have to consider are: 

 The CDI process is heavily dependent on the ion-adsorption capability of the 
capacitive electrode. At present, it is more suitable for brackish water desalination, 
and not suitable for high TDS water such as seawater 

 The salt removal efficiency decreases as the solution temperature and flow rate 
increase 

 TDS removal efficiency decreases at higher concentrations of TDS in the initial feed 

 The system is also vulnerable to particles so pre-treatment e.g. by sand-filtration is 
needed 

 Cost data 3.9.5.4.

 Energy consumption: 0,5-2,5 kWh/m3  

 Costs will depend on the scale, the feed water TDS and associated energy 
consumption. Costs are generally comparable to RO. For relative small scale, 
horticultural installations, costs of between 35000 € and 100000 € can be expected 

In a field tests, costs of around 5 €/m3 are mentioned, but it is expected that they will 
reduce to around 1 €/m3. 

 Technological bottlenecks 3.9.5.5.

Electrode scaling is one of the biggest issues encountered in CDI. Virtually all water sources 
contain calcium and magnesium ions, which are harmless in concentrations normally I feed 
water sources, but they can form precipitates at higher concentrations. 

During operation, the negative electrode electrosorbs positive ions indiscriminately, 
including calcium and magnesium ions. When the unit is discharged, a build-up of 
magnesium and calcium compounds can occur when high concentrations of magnesium and 
calcium are released. To date, mild acids (such as citric acid) have been the preferred 
descaling method; however, process monitoring to determine when to descale the unit adds 
to the complexity.  

 Benefit for the grower  3.9.5.6.

Advantages 

 CDI does not require any chemicals such as biocides or anti-scalants 

 CapDI typically recovers between 80% and 90% of the water it treats, compared to 
50-70% for reverse osmosis 

 Recovery range: up to 99% removal of salt 

 The absence of applied pressure 
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 Polarity reversal results in self-cleaning of electrodes 

Disadvantages 

 The efficiency of electrodes for salt separation requires optimisation 

 Limited data available for seawater desalination 

 More efficient for low salinity feed water sources (TDS < 15000 mg/L) 

 Supporting systems needed 3.9.5.7.

None. 

 Development phase  3.9.5.8.

Commercialised: The application of the CDI technology is rather new. Commercial 
applications are known in the production of boiler feed water, desalination of groundwater 
and surface water with low TDS and in some industrial applications.  Several companies 
supply installations for CDI and there are companies who supply information of user cases in 
greenhouse horticulture. 

 Who provides the technology 3.9.5.9.

Suppliers of CDI equipment are: 

 Voltea, www.voltea.com (the Netherlands) 

 AquaEWP (USA) 

  Atlantis (USA) 

 Idropran Inc (Italy)  

 LT Green Energy (Australia)  

 Enpar (Canada), http://www.enpar-tech.com/ (Electro-Static Deionisation) 

 Patented or not 3.9.5.10.

Although CDI is based on a relatively old principle, current suppliers all have own 
developments of which the intellectual property is protected with patents. In the EOB 
database, the term CDI results in 243 patents. Relevant IPC classification is C02F1/00 
Treatment of water, wastewater, or sewage (C02F3/00 - C02F9/00 take precedence), 
C02F1/46 by electrochemical methods C02F1/4604 for desalination of seawater or brackish 
water.  

3.9.6. Which technologies are in competition with this one 

Alternative techniques comparable to CDI are: 

 Nanofiltration 

 Reversed Osmosis 

 Ion Exchange 

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

CDI is a very general technique that can be applied to most crops, both soil-less and soil-
bound. 

3.9.8. Description of the regulatory bottlenecks 

 Brief description of the European directive and implications for growers at 3.9.8.1.
European level 

Regulatory bottlenecks are related to the discharge of the concentrate, see section 3.9.8.2. 

 Implementation at the country level 3.9.8.2.

In general, the discharge of the concentrate is restricted in a number of countries. 

The Netherlands: When using CDI on brackish groundwater that is extracted from the first 
aquifer, a concentrate is remaining (the brine) and often discharged back into the 
subsurface, the second aquifer. This is causing environmental concerns and not in line with 
the WFD. In the Netherlands, there is a policy on allowing this situation for a certain time. 

 Implementation at the regional level  3.9.8.3.

There are no known regulatory bottlenecks. 

3.9.9. Brief description of the socio-economic bottlenecks 

There are no specific socio-economic bottlenecks for the use of CDI technology itself. The 
technology has a high level of retention (> 90%) and the produced water is considered safe 
to use.  

3.9.10. Techniques resulting from this technology 

Capacitive deionisation is also called:  

 capacitive desalination  

 electrochemical desalination  

 flow-through capacitor 

 Electro-Static Deionisation  

3.9.11. References for more information 

[1] Weinstein, L., & Dash, R. (2013). Capacitive Deionization: Challenges and 
Opportunities. Desalination Water Reuse, 23, 34-37  
[2] https://en.wikipedia.org/wiki/Capacitive_deionization 
[3]  Subramani, A., & Jacangelo, J. G. (2015). Emerging desalination technologies for 
water treatment: a critical review. Water Research, 75, 164-187 
[4] Wikipedia (2017). https://en.wikipedia.org/wiki/Capacitive_deionization  
[5] CapDi in agriculture, Interview. Retrieved from http://thewaterchannel.tv/media-
gallery/6441-capdi-in-agriculture-melle-nikkels  
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[6] Product sheet on CDI project in irrigated agriculture. Retrieved from 
http://edepot.wur.nl/416597  
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3.10. Nanofiltration 

(Authors: Wilfred Appelman22, Willy van Tongeren22) 

3.10.1. Used for 

 Preparation of irrigation water 

 More efficient use of water 

 Minimising the impact to the environment by nutrient discharge 

3.10.2. Region 

All EU regions. 

3.10.3. Crop(s) in which it is used 

All crops. 

3.10.4. Cropping type 

All cropping types. 

3.10.5. Description of the technology 

 Purpose/aim of the technology  3.10.5.1.

Nanofiltration (NF) is a membrane separation technology that aims to retain (remove) 
colloidal particles and large molecules from the main water stream, as well as multivalent 
ions. Also, disinfection is obtained in NF; although pathogen populations may re-establish 
regrowth downstream, if no additional measures are taken.  

NF is a relatively new technology, but is already proven, and it is being used for water 
sources with low total dissolved solid contents, such as surface water and fresh 
groundwater. The purpose may be water softening (polyvalent cation removal) and/or 
removal of organic compounds such as disinfection by-products. Practical applications are 
found in the chemical and pharmaceutical industry, the recovery of sodium hydroxide 
solutions, and in whey treatment in the cheese industry. Seawater desalination could be 
done with a simple combination of NF and RO. In most other situations, pre-treatment prior 
to NF is required and would be similar to pre-treatment for RO techniques.  

 Working Principle of operation 3.10.5.2.

NF is a pressure driven membrane filtration process. Pressures are usually between 3 and 10 
bar, but higher pressures are possible (up to 45 bars). 

Small molecules (< 200 daltons) and monovalent salts will predominantly pass the 
membrane with the water, large molecules and multivalent ions are mostly retained. The 
pore size of NF membranes is smaller than ultrafiltration, ranging from 1-5 nanometres.  

Membrane selectivity is sensitive to the composition of the water and the type of 
membrane. Membrane modules may be either a hollow fibre type (diameter ranging from 
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0,2-3 mm) or spiral wound, the latter is more sensitive to fouling/plugging, but allows higher 
operating pressures. Ceramic membranes, flat plate membranes and other types of 
membranes are also used. Polyamide is often used as the membrane material. 

Operational schemes may include dead-end or cross-flow modes, as well as various, recycle 
modes to improve the separation quality of ions in the NF process (see below). Laboratory 
work is often required to determine the optimal configuration. 

 

Figure 3-19. Two-stage nanofiltration process (3-2 configuration). The second stage will improve the 
overall separation of monovalent and multivalent ions 

 Operational conditions 3.10.5.3.

NF units are easily scaled up to larger systems by applying more modules in parallel (or in 
series).  

Membrane cleaning may be required when the water flow drops due to membrane fouling. 
Rinsing or backwashing (reversing the flow through the module) is relatively quick and is 
often an adequate solution. More severe fouling can be removed by occasional cleaning 
with solutions of detergents, acids and/or alkali.  

Operational limitations vary depending on the quality of the membrane and the supplier 
(see the respective technical data sheets for more information). Examples of the 
characteristics of polyamide membranes are:  

 max. 0,5 mg/l Fe, Al, Zn, Mn 

 SDI level < 5; turbidity < 1 

 no free chlorine or other oxidants (< 0,1 mg/l) 

 maximum temperature: 40-50 °C 

 maximum pressure: 45 bar (moderate 5-10 bar) 

 pH 3 – 11 (it may vary between 2-12 for short periods of time) 
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 Cost data 3.10.5.4.

CAPEX is around 200 € /m³/day filtrate (for a 400 m³/day installation) excluding membranes 
but will increase to around 1000 € /m³/day filtrate in case of small installations (50 m³/day). 
Membrane modules that will produce between 0,3-1,5 m³/day (per m² membrane) will add 
another 20-45 € /m² to the cost. 

Energy costs are related to the pressure drop of the system and the recycle rate, and are 
usually around 0,15 kWh/m³. Only very little attention by staff is required.  

Total costs (OPEX and CAPEX) for water are: 0,2-1 €/m³ depending on the scale of the 
installation. 

 Technological bottlenecks 3.10.5.5.

Nanofiltration is a relatively new membrane technology but is already well-known in 
different applications. Its operational characteristics compare well with Reverse Osmosis. 
Pre-treatment is often required to prevent fouling and plugging of the membrane. Hard 
water treated by NF will need pre-treatment to avoid precipitation of scale on the 
membrane. 

Rinsing/flushing may be required when the pressure drops is too large or when the 
permeate flow decreases too much; this is usually an automated process. Chemical cleaning 
is periodically applied to remove more resilient scaling and fouling from the membrane 
modules. 

Suppliers are trying to develop more selective membranes for a better separation of certain 
ions as well as cheaper materials, in order to improve the market potential of NF. 

 Benefit for the grower  3.10.5.6.

Advantages 

 Reliable water quality 

 Disinfection (full removal of bacteria/viruses) 

 Easily automated 

 Continuous water supply  

 May replace RO membranes (no full removal of ions)  

 Multivalent ions are separated (sulphates, phosphates, calcium, metals, etc.); 
monovalent ions are partially removed; partial separation of P versus N and K ions  

 Reduction of colour and turbidity 

 Water softening possible 

 Little or no chemicals required  

 NF results in less aggressive water than RO (but still some aggressiveness remains) 

 Smaller volume of retention water than RO, with lower concentrations of ions 

 Operation pressure may be lower than RO (usually around 5-10 bar) 

 Low operating pressure; low energy consumption in comparison to NF and RO (but 
higher than ultrafiltration and microfiltration).  
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 Disinfection of bacteria; it completely removes viruses, bacteriophages and 
macromolecules 

 No chemicals required (except cleaning activities) 

 Few manual actions required (only module replacements) 

Disadvantages 

 Pre-treatment may be required (pre-filtration 0,1-20 μm). Spiral wound modules 
always require pre-treatment 

 Sensitive to fouling  

 Handling of reject water and rinsing water required 

 Limited retention of monovalent ions. 

 NF membranes are usually more expensive than RO membranes.  

 Energy consumption higher than ultrafiltration or microfiltration (common range: 
0,02-0,4 kWh/m³). 

 Membranes may be sensitive to oxidative chemicals (e.g. sodium hypochlorite). 

 Supporting systems needed 3.10.5.7.

The removal of rinsing water could require temporary storage. 

When water recycling is applied, buffering tanks will be required. When using groundwater, 
a well for groundwater extraction is needed. 

NF is usually applied in a treatment sequence. NF may be applied to obtain partial 
separation of ions or to reduce the load for subsequent treatment steps.  

 Development phase  3.10.5.8.

Commercialised: is used in many installations, e.g. whey treatment, wastewater treatment, 
drinking water production. 

 Who provides the technology 3.10.5.9.

Several suppliers, for instance, DOW, Koch, GE Osmonics, X-Flow/Pentair, TriSep provide 
membranes and installations. Several system suppliers as well, for example, Lenntech, 
Prominent and Degrémont offer a wider range of technologies.  

  Patented or not 3.10.5.10.

Patents have been granted for specific applications and specific membrane types. However, 
NF is a generic technology available for application in horticulture. 

Although, system suppliers build specialised systems using NF membrane modules from one 
or more membrane manufacturers. Some membrane suppliers have their own systems. 

3.10.6. Which technologies are in competition with this one 

The selectivity of ions is quite unique to NF, making it difficult to compare to other 
technologies. The best alternative is a column of (weak) ion exchangers, in combination with 
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carbon filter as pre-filter to remove organics. Electrodialysis membranes have selectivity 
towards either cations or anions, which is different from the more generic NF selectivity. 

A relatively new alternative is Capacitive Deionisation, which aims at removing a substantial 
part of the ions and which will work somewhat more effectively on multivalent ions than 
monovalent ions.  

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

The system is widely applicable for all types of water streams and is easy to upscale because 
it is a modular system. Pre-treatment is an important issue in most applications. 

3.10.8. Description of the regulatory bottlenecks 

 Implementation at the regional level  3.10.8.1.

In general, the discharge of concentrates from membrane installations is restricted in a 
number of countries.  

3.10.9. Brief description of the socio-economic bottlenecks 

There are no specific socio-economic bottlenecks for the use of NF itself. The technology has 
a high level of retention, except for small molecules and monovalent ions; the produced 
water is usually safe to use. 

3.10.10. Techniques resulting from this technology 

Not known. 

3.10.11. References for more information 

[1] Dutch Policy Document, November 2012: Beleidskader: Goed gietwater 
glastuinbouw,  
[2] Delft Blue Water project, http://www.delftbluewater.nl/ 
[3] Van Os, E. A., Jurgens, R., Appelman, W., Enthoven, N., Bruins, M. A., Creusen, R., ... 
& Beerling, E. A. M. (2012). Technische en economische mogelijkheden voor het zuiveren van 
spuiwater (No. 1205). Wageningen UR Glastuinbouw. Retrieved from 
https://www.glastuinbouwwaterproof.nl/content/3Onderzoek/GW_Substraat_WP5_Busine
sscase.pdf on 06/02/2018 
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3.11. Modified Ion Exchange 

(Authors: Ockie van Niekerk16, Wilfred Appelman22, Willy van Tongeren22) 

3.11.1. Used for 

 Preparation of irrigation water 

 More efficient use of water 

 Minimising the impact to the environment by nutrient discharge 

 Nutrient recovery 

 In-line water treatment (in closed-loop or semi-recycling production systems) 

3.11.2. Region  

 All EU regions 

 South Africa 

3.11.3. Crop(s) in which it is used 

All crops. 

3.11.4. Cropping type 

 Soil-bound 

 Soilless 

 Protected 

3.11.5. Description of the technology 

 Purpose/aim of the technology  3.11.5.1.

Modified Ion Exchange (MIX) is a technology designed to remove dissolved salts from 
irrigation water, producing a high percentage of demineralised water, a very small volume 
of concentrated saline water, and solutes containing usable fertilisers. This means that 
unlike other methods of demineralisation, the saline concentrate produced by MIX does not 
have to be discharged, but can be evaporated so that the salt does not re-enter the water 
cycle. 

Treating groundwater until it becomes irrigation water 

For high yield agricultural production, the sodium content has to be kept low. In addition, 
some crops are also sensitive to high chlorine content. In many irrigation practices where 
groundwater is used, salts can accumulate since there are more dissolved salts than can be 
absorbed by the crops. 

Treating recycled greenhouse water to prevent salt accumulation (semi-selective) 

In greenhouses where water is continuously recycled, salts can accumulate. Regularly 
removing all the salt from a portion of greenhouse water prevents unwanted ions like 
sodium from accumulating. When used in a pre-treatment step, mainly sodium is removed 
from the system. 
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Recovery of nutrients from greenhouse runoff 

Water discharged from greenhouses often contains large amounts nutrients such as nitrate. 
MIX can be used to recover these from the water before it is discharged to a natural water 
body.  

Treating drain water for reuse 

Unlike membrane-based technologies, MIX has a low fouling potential and can be used to 
treat water with a higher biological content. MIX removes the salts from treated drain 
water, and makes it suitable for irrigation. 

 Working Principle of operation 3.11.5.2.

Modified Ion Exchange uses the principle of the widely-used ion exchange process to 
remove cations and anions from water producing highly concentrated solutions. This can 
also be used in pre-treatment steps to separate unwanted ions like sodium and chloride. 
The ion exchange resin can be regenerated with specific chemicals to become a fertiliser as 
a final product. An advantage of this technique is that the value of those fertilisers largely 
covers or exceeds the costs of the chemicals that are required for regeneration.  

In MIX, water passes through a bed of resin, similar to the sand bed in a sand filter. The 
resin is preloaded with another ion for which the resin has a lower selectivity than the ions 
to be removed from the water being treated. In MIX we want to remove all the ions from 
the water so both a cation and an anion exchanger are used, respectively, preloaded with 
hydrogen and hydroxide ions. Once displaced from the resins, the hydrogen and hydroxide 
ions combine to form water. This results in water with 99% of its salts removed, this process 
can be seen in the figure below. 

 

Figure 3-20. The loading process of MIX, where dissolved ions are removed from the water 
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 Operational conditions 3.11.5.3.

For groundwater with high concentrations of bicarbonate, a pressure of 2 bars is required to 
ensure that the produced CO2 stays in the solution, otherwise, MIX has a pressure drop 
similar to some sand filters. The process can easily be scaled up for larger flow rates. 

Fertilisers are produced in direct proportion to the amounts of salts removed, which means 
the higher the salt content the more fertiliser is produced. The amount of water that can be 
treated using MIX maybe limited by the amount of fertiliser that can be used on-site or sold 
to users close by, because transporting the fertiliser material produced can be costly and 
possibly uneconomical.  

 Cost data 3.11.5.4.

The cost of the unit to treat 120 m3/day would be 50000-100000 € per unit, installation 
included. The resin needs to be replaced once every 5-10 years (cost 1000-5000 €). Costs 
could vary depending on the specific conditions of the individual grower. 

The cost of chemicals used is expected to be covered by the value of the fertiliser materials 
produced. 

Energy costs (electric): 0,1-0,3 kW/m3. 

 Technological bottlenecks 3.11.5.5.

The amount of water that can be treated is limited to the marketing opportunity of the 
produced fertiliser. If the combination of the volume of water to be treated and its salt 
content produces too much fertiliser (in case all the water is treated using MIX) that may 
create a problem for the grower who would then need to find suitable, legally correct way 
to dispose of the fertiliser material. 

 Benefit for the grower  3.11.5.6.

Advantages 

 Increases the quality of the water 

 The by-product is a locally-produced fertiliser 

 The cost of potassium chloride, potassium hydroxide and nitric acid used as inputs is 
claimed to be less than the value of the potassium nitrate that is produced by the 
process 

 Salt from irrigation water can be removed from the water cycle and possibly be sold 
or discharged into the sewer 

 Low fouling potential, the resin is very robust and can handle undissolved solids 

 Can be used in-line in a crop production system where it can remove sodium and 
chloride from recycling solutions 

Disadvantages 

 A complex system is needed on the farm 

 Chemicals can be dangerous; extra safety precautions are necessary 
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 The fertilisers that are generated are liquid fertilisers. It is costly to store them or 
transport them over long distances. Therefore, they are preferably used in the 
greenhouse where they are produced 

 Supporting systems needed 3.11.5.7.

 Evaporation ponds or multi-stage flash distillation units to treat the salt 
concentration 

 A system where a solution containing a fertiliser mixture can be integrated 

 A sand filter in case the water contains suspended solids (pre-treatment) 

 The chloride solution that contains the Na still contains some plant protection 
products (PPP’s). In the Netherlands, it is, therefore, necessary to treat the solution 
to meet the current legal requirements in terms of PPP’s 

 Development phase 3.11.5.8.

 Research: Use of treated sewage water for high-level irrigation practices 

 Commercialised: Groundwater desalination, Nutrient recovery, In-line semi-selective 
treatment of recycled greenhouse water to prevent salt build-up 

 Who provides the technology 3.11.5.9.

The technology is being provided by: Optima Agrik (Pty) Ltd., Horticoop and Verhoeve Milieu 
& Water. 

 Patented or not 3.11.5.10.

This technology was developed by Optima Agrik (pty) Ltd, several processes and/or parts are 
patented. 

3.11.6. Which technologies are in competition with this one 

Widely used technologies to produce desalinated water or reduce salts in water are mostly 
membrane-based technologies. These require extensive pre-treatment to prevent fouling of 
the membranes, which are often susceptible to hard water and bioproducts in the water, 
but they require fewer chemicals These membrane technologies mostly use electrical power 
to separate dissolved salts from the water. These systems often have a lower capital cost, 
but the net running cost is higher than MIX if one takes into account the value of the 
fertiliser produced. Furthermore, these technologies produce a higher volume of brine, 
which can be discharged into the ocean, but cause soil salinisation or salinisation of 
groundwater and when disposed of inland.  

Practically, these technologies can be used to treat water with higher concentrations than is 
possible with MIX. Even though MIX is more robust, it is limited by the amount of fertiliser 
that can be marketed. For very brackish water, the most economical option would be a 
combination of MIX and a membrane-based technology such as reverse osmosis. 
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3.11.7. Is the technology transferable to other crops/climates/cropping systems? 

The technology is transferable to any crop, climate and cropping system, as long as the 
water is of such quality that the amount of fertiliser produced can be used by the farmer or 
others in the region. 

3.11.8. Description of the regulatory bottlenecks 

 Implementation at the country level  3.11.8.1.

MIX can produce highly concentrated salt solutions and fertiliser solutions. Large quantities 
of chemicals, used as inputs, have to be stored. The management of the solutions produced 
and the chemicals used as inputs, may be regulated depending on the region. 

The discharge of highly concentrated brine is restricted in many countries, but MIX provides 
the opportunity for different handling of the brine. Since MIX produces the smallest volume 
of brine of any desalination technology, the brine can be evaporated economically (either 
using evaporation ponds, multi-stage flash distillation etc.) providing the salts in solid form, 
which has economic value as well as reducing pressures on the environment. 

3.11.9. Brief description of the socio-economic bottlenecks 

The system is complex and requires knowledge of chemistry to fully understand it. It is a 
new technology, so farmers are not yet used to it and maybe reluctant to implement a 
complex solution that they do not fully understand.  

The small volume of highly concentrated brine that is produced provides an opportunity to 
evaporate the water of the brine solution and to recover the salt in a solid form; thereby 
avoiding that salt is discharged to the environment. This adds extra complexity to the 
process, which can make producers unenthusiastic to apply MIX.  

For a grower, the slightly higher capital costs, increased complexity, the relative newness of 
MIX and a lack of understanding by potential users may outweigh the advantages and 
smaller operational costs for water desalination offered by MIX, at the moment. 

3.11.10. Techniques resulting from this technology 

MIX allows for closed-loop irrigation by removing salts that can build up: 

Sodium Removal Unit (SRU) 

This process can only be used when the water contains a sufficiently low Cl concentration.  

For greenhouses where water is recirculated, it is very suitable for crops where the Cl 
uptake of the crops is equal to the Cl concentration in the feed water. 
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Figure 3-21. The three steps in a sodium removal unit 

For water with a high bicarbonate concentration, this option is also ideal since the 
bicarbonate will be converted to water and carbon dioxide. 

Step 1 Pump water (drain water for recirculation or groundwater) with low chloride 
concentration through cation exchange resin 

All cations in the water are adsorbed onto the resin in a process where it is exchanged for 
hydrogen. As a result, the water leaving the resin column contains all the anions that were 
in the feed water but only hydrogen as a cation. The pH of the solution is too low for use on 
crops and is corrected to the most optimal level for the specific crop with calcium carbonate 
(CaCO3), calcium hydroxide or potassium hydroxide. 

Step 2 Remove Na from the column by pumping a potassium chloride solution through the 
column 

The amount of cations other than Na, that is Ca, Mg, and K, that end up in the Cl solution 
will depend on the composition of the feed water. Also the requirement of Na that needs to 
be removed is a determining factor. The higher the percentage of Na removed, the more 
other cations will also be in the solution. 

Step 3 Regenerate the resin with nitric acid  

An excess of about 70% acid is required for the regeneration step. The excess must be 
neutralised with CaCO3, calcium hydroxide or potassium hydroxide. 

Additional information about the SRU 

When this process is applied on greenhouse drain water, the Na concentration is lowered. 
While for most of the nutrients the recovery is 100%, for some other nutrients there can be 
losses up to 30% for example for Cu. 

The table below illustrates the percentages of nutrients that are recovered. 

Table 3-2. Recovery of nutrients in the sodium removal unit 

Nutrient Recovered 

K 100% 

NO3 100% 

PO4 100% 

SO4 100% 
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Fe 100% 

B 100% 

Mo 100% 

Ca ±97% 

Mg ±86% 

Mn ±90% 

Zn ±80% 

Cu ±70% 

 

Between 50% to 70% of the Na is removed from the treated solution. 

The nitric acid that is used in the process is neutralised with potassium hydroxide, CaCO3 or 
calcium hydroxide. In The Netherlands, the cost of the potassium hydroxide and nitric acid is 
lower than the value of the potassium nitrate that is generated. This makes it an economic 
process. 

The volume of discharge from the greenhouse is reduced by 80% to 90%. 

Although only a percentage of the cost of the potassium cloride that is used to remove the 
Na from the resin is recovered, the impact on the cost of the process is limited. 

3.11.11. References for more information 

[1] Da̧browski, A., Hubicki, Z., Podkościelny, P., & Robens, E. (2004). Selective removal of 
the heavy metal ions from waters and industrial wastewaters by ion-exchange 
method. Chemosphere, 56(2), 91-106 
[2] Qian, P., & Schoenau, J. J. (2002). Practical applications of ion exchange resins in 
agricultural and environmental soil research. Canadian Journal of Soil Science, 82(1), 9-21  

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           3-66 

3.12. pH change/ adjustments 

(Authors: Ockie van Niekerk16, Esther Lechevallier4) 

3.12.1. Used for 

Preparation of irrigation water. 

3.12.2. Region 

All EU regions. 

3.12.3. Crop(s) in which it is used 

All crops. 

3.12.4. Cropping type 

All cropping types. 

3.12.5. Description of the technology 

 Purpose/aim of the technology  3.12.5.1.

Adjusting the pH before use of water in the irrigation system is done to ensure that the pH is 
within the pH range of 5,5 to 6,5 which is acceptable for most crops. pH adjustment is 
sometimes necessary ensure that the irrigation water is within this acceptable range of pH 
values. Generally, the pH of a water source is stable; there are differences between 
rainwater and groundwater. In some cases, such as groundwater, often the pH will need to 
be lowered. In some cases, it may need to be increased.  

 Maintenance of pH within an optimal range is necessary for fertigation systems to allow 
optimal uptake of nutrients, especially micronutrients and to keep the irrigation system free 
from clogging.  

 Working Principle of operation 3.12.5.2.

1) Acid or carbonate injection 

Acid: 

In order to lower the pH when it is too high, acid is injected into the water. A consistent pH 
will be ensured when the rate of injection is controlled by an inline controller or the pH is 
corrected in the storage tank with an automatic controller.  

Water which contains a low concentration of bicarbonate can be treated with Nitric acid 
and/or Phosphoric acid; care needs to be taken to ensure that that the N or P added is 
considered when adding fertilisers. Water with a high concentration of bicarbonate is best 
treated with sulphuric acid to reduce the possibility of excess application of N or P to the 
crop.   
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Carbonates: 

For water with a low pH, the pH can be increased with a carbonate-containing chemical such 
as potassium bicarbonate, potassium carbonate, calcium carbonate (CaCO3), calcite or 
limestone. The bicarbonate also serves to buffer the water. Water with a low pH normally 
has no buffering capacity; using carbonate to neutralise the water will, therefore, provide 
the buffering capacity to enable in-line pH control. 

Another aspect that should be considered is the solubility of the carbonate. Potassium 
carbonate is available in a solution that will make it easy to pump with a dosing pump. The 
addition of K should be taken into account for the nutrient supply. 

 

 

Figure 3-22. Schematics of In-line pH adjustment 

Several injectors for acids or carbonates are available on the market. These systems consist 
of a flow meter, injector and pH meter to automatically adjust the amount of acid used. 

2) Contact with calcium carbonate bed 

A low-tech way to increase the pH of water is to let it flow through a bed of lime or CaCO3. 
The low solubility of the CaCO3 makes the process self-regulating. As long as the pH of the 
water is low, the water will dissolve the CaCO3; as the pH rises, the rate at which the CaCO3 
dissolves decreases, stabilising at a pH of around 6. Any excess CO2 will dissociate from the 
water, typically resulting in a bicarbonate concentration of 0,5 mmol/L.  

It is used to neutralise/re-mineralise water which has a low cation level and an acidic pH. 

 Operational conditions 3.12.5.3.

When using acid and carbonate injection, pumps and injection systems should be 
dimensioned depending on the scale of the system and water flow.  

For a good contact with the CaCO3 bed, the size of the bed will have a diameter of 2 m for a 
flow of 10 m3/h.  

Alkalinity must be taken into account for pH stabilisation. A certain level of alkalinisation can 
be reached to ensure better pH stability. However, high alkalinity can cause the 
precipitation of nutrients in concentrated fertiliser solutions and increases the pH of the 
growing medium (which in turn reduces the availability of micronutrients). 
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 Cost data 3.12.5.4.

1) Acid and carbonates injection 

The cost of a unit will greatly depend on size, but costs start from around 3000 €. 

The pH probe must be calibrated monthly, which will require 15-30 min/month. 

Storage tanks of neutralisation chemicals must be kept full. 

The amount of acid needed is dependent on the bicarbonate concentration of the water and 
is calculated as follows:  

 Example neutralisation with nitric acid (38%): 

 [HCO3] mmol/L X Volume (m3/day) X 63 gr/mole  0,38 = nitric acid (kg/day) 

2) Contact with calcium carbonate bed 

The level of the CaCO3 powder or granules must be kept at a sufficient depth to ensure 
neutralisation. Due to the many factors that will influence the final pH, the user will have to 
determine the optimal level of CaCO3 in the tank. 

 Technological bottlenecks 3.12.5.5.

Acid injection: nutrients added in an acidic form should be considered in the fertigation 
program. In cases where the bicarbonates concentration in the feed water is very high, the 
dosage of N and/or P may be excessive. The consequence is that the dosage level of N or P 
(in kg/hectare or millimole/L) will be reached before the pH is reduced to its optimal level. 

Carbonates injection: high alkalinity can cause the precipitation of nutrients in concentrated 
fertiliser solutions and increases the pH of the growing medium (which in turn reduces the 
availability of micronutrients). 

 Benefit for the grower  3.12.5.6.

Advantages 

 Easy-to-use and to adjust 

 Calcium carbonate does not need electricity  

 Easily scalable 

Disadvantages 

Acids are dangerous products and need to be handled and stored safely. 

 Supporting systems needed 3.12.5.7.

Automatic control of acid injection/carbonate injection is preferable to maintain a relatively 
constant pH over time.  

 Development phase 3.12.5.8.

 Field tests: Some field tests have been conducted with the CaCO3 bed 

 Commercialised: Acid and carbonate injection systems are commercialised 
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 Who provides the technology 3.12.5.9.

Several injectors of acids are available on the market. These systems consist of a flow meter, 
injector and pH meter to automatically adjust the amount of acid used. 

 Patented or not 3.12.5.10.

This technique is very general and not patented. 

3.12.6. Which technologies are in competition with this one 

Carbonate injection competes with the use of a CaCO3 bed. 

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

Injection pumps for acid/carbonates are transferable to other crops/climates/cropping 
systems. Optimal pH has to be targeted, and the alkalinity and pH of supply water have to 
be taken into account.  

3.12.8. Description of the regulatory bottlenecks 

 Implementation at the country level  3.12.8.1.

Regional safety regulations on the handling of acids should be observed. 

3.12.9. Brief description of the socio-economic bottlenecks 

There are no socio-economic bottlenecks that we know of. 

3.12.10. Techniques resulting from this technology 

The Maërl filter is a specific version of the carbonate addition process that uses, as a source 
of CaCO3, a substrate which is a lime deposit resulting from marine algae, lithothamnion, 
which contains crystallised mineral elements of sea water. It is particularly used in systems 
using rainwater. 

Decision support systems to manage pH in irrigation water have been developed.  

3.12.11. References for more information 

[1]  Whipker, B. E., Bailey, D. A., Nelson, P. V., Fonteno, W. C., & Hammer, P. A. (1996). A 
novel approach to calculate acid additions for alkalinity control in greenhouse irrigation 
water. Communications in Soil Science and Plant Analysis, 27(5-8), 959-976 
[2] De Grave, S., Fazakerley, H., Kelly, L., Guiry, M. D., Ryan, M., & Walshe, J. (2000). A 
study of selected maërl beds in Irish waters and their potential for sustainable 
extraction. Marine Resource Series, (10), 0_1 
[3] Letard M, Erard P., & Jeannequin B. (1995). Maitrise de l’irrigation fertilisante. 
Tomate sous serre et abris en sol et hors sol. Centre technique interprofessionnel des fruits 
et légumes (CTIFL) 
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