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1 Executive summary  
In fertigated horticultural crops, many methodologies and technologies are available to support 
growers to optimize water quality, improve water and nutrient use efficiency, and reduce 
environmental impact. Work package 4 (WP4) aims to bring sustainable water use to a higher 
level by introducing innovative technologies from other sectors to the horticulture sector to 
overcome remaining technological gaps. The first task in WP (T4.1), as described in the report 
D4.1, is the identification of these gaps. The second task of this WP (T4.2), as described in this 
report (D4.2), is the Inventory of innovative technologies from other sectors.  
 
T4.1 built on the information provided by both the benchmark survey (D3.3) and the reference 
document on the state-of-the-art in fertigated crops, further referred to as the Fertigation bible 
(D3.4). Remaining gaps, being problems for which no appropriate solution was available, were 
identified at the technological, legal and socio-economic level. From Task 4.1 it was clear that 
part of the problems was more general and did not count for one topic and/ or required not only 
a technological perspective but also a socio-economic and legal context. Other problems were 
more related to a specific area, technology or subject. Moreover, it is often a combination of 
technological and non-technological solutions that can help to support growers evolving to more 
qualitative irrigation water, more efficient use of water and nutrients and reduction of 
environmental impact.  
 
The deliverable provides an overview of scouted technologies which are yet applied in other 
sector but are not yet implemented at the farm level in the fertigated horticultural sector. A lot 
of the scouted technologies are broad applicable, also in horticulture. Although in recent years 
tests with a number of the scouted technologies have been carried out in horticulture, a minority 
of these technologies is being applied at the farms’ level. These technologies are still rather 
unknown and their potential has not yet been fully explored in the horticultural sector. 
Therefore, these technologies are also described in this deliverable. T4.2 builds on study of 
potential strategies, presents new strategies, either in the pipeline or not yet adopted from other 
sectors, that have potential to confront water scarcity. Some strategies require fine-tuning for 
adaptation to local conditions or may not be economically viable at present or may have 
environmental problems.  
 
The exploration of innovative technologies from other sectors started with the definition of 
criteria that should be met by these technologies. It turned out that besides the more specific 
demands for the different topics discussed in this task, there were some common criteria, related 
to the gaps described in D 4.1. The main general demands are: 

- Solutions should be more cost-effective, especially for small scale farms, and improved 
insight in the costs is necessary 

- Up- and downscaling of the technologies should be possible 
- The technologies should be more environmentally friendly, especially in relation to water 

use, waste production and emissions to the water 
- Adaptation or additional legislation  

 

https://www.fertinnowa.com/wp-content/uploads/2018/06/Attachment_0-4.pdf
https://www.fertinnowa.com/wp-content/uploads/2018/06/Attachment_0-4.pdf
https://www.fertinnowa.com/wp-content/uploads/2018/05/Benchmark-report.pdf
https://www.fertinnowa.com/wp-content/uploads/2018/05/The-Fertigation-Bible-v2.pdf
https://www.fertinnowa.com/wp-content/uploads/2018/05/The-Fertigation-Bible-v2.pdf
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The scouting of other sectors resulted in a series of possible technologies to solve the gaps 
related to the different phases of the fertigation process:   

Water storage, systems, and tools 

The availability of sufficient and qualitative good water is one of the critical factors for optimal 
production of horticultural crops. The benchmark survey showed that in some regions growers 
are interested to implement (larger) water storage facilities, but they faced several gaps, keeping 
them from installing these storages.  Often they have insufficient insight in the costs and the 
benefits and they do not know how to adapt the storage better to current and future effects of 
climate change. 
 
The use of Aquifer Storage and Recovery (ASR) is interesting for implementation in horticulture 
as this technology requires no or only very limited surface. This technology is already much 
applied in urban areas, but also in greenhouse horticulture in, for example, the Netherlands. 
Translation of ASR’s implementation in urban areas could offer possibilities to soil grown open 
field crops. The horticultural sector could also benefit from clustering of rainwater harvesting 
systems as this approach does not requests collecting surfaces at the farms’ site and could 
support adaptation to future more extreme weather conditions. Regional platforms for 
quantification and qualification of alternative local water sources could as well offer new 
possibilities to reduce problems related to scarcity of qualitative water.   

Optimizing water quality  

Good quality water is essential to obtain quality and sustainable products. The use of other 
possible water sources and the recycling of water will allow to improve water and nutrient use 
efficiency further for fertigated crops. It will also assure availability of quality water in areas 
where the availability is low.  

Nutrient removal 

The chemical elements that need to be removed differ strongly, depending on where the water 
source is used in the fertigation process. The most critical gaps for nutrient removal are : fouling 
and clogging of the treatment systems, little selectivity (e.g. Na and Cl) and the production of 
waste streams. In chapter 3.2 innovative solutions (from other sectors), different technologies 
from other sectors, or technologies being recently introduced are described. Examples of 
innovative solutions to tackle the problems are Electro-dialyses, Modified ion Exchange, 
Membrane Distillation and Forward Osmosis. All the technologies mentioned can result in less 
waste, for the first two mentioned also (partial) selectivity is an advantage.  

Removal of particles 

Reduction of fouling of the filters, and less waste stream production are the main criteria for 
innovative technologies to remove particles. Dissolved air filtration (DAF) is a mature technology 
that does not use filters or a filter medium, but is not yet applied on smaller scale. Ultrasound 
technologies do not require filter medium either, but the technology is quite expensive yet and 
the technologies’ energy consumption is high. Also, filter sieves, and a ratchet filter do not use a 
filter medium. An alternative solution is the use of natural fibres as filter aid. 
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Algal removal 

Algal bloom is a major problem in lakes, coastal areas and freshwater environments, but also in 
water storage systems. To achieve a sustainable control of algae blooms potential solutions must 
be effective for a wide range of algae species and have a long-term effect. Additionally, solutions 
should be safe for both humans as plants, and environmentally friendly. The use of micro-
organisms as a biocontrol of algae growth is an environmentally friendly approach, but the 
applicability for a broad range of algae species needs attention, as do the long-term effects. The 
use of microbial aggregates looks promising. Another approach is the removal of the algae with 
flocculation techniques. For the flocculation, chemicals are needed that can influence the quality 
of the irrigation water. A new development is the use of biological flocculants. Finally, 
immobilisation of nutrient, such as, nitrogen and phosphorus, might as well offer possibilities. 
 
Optimizing phytosanitary quality  
To optimize the phytosanitary quality of water, new technologies should be safe for the crop. 
Technologies should not form hazardous by-products and not include risks for the one using the 
technology, consumers, and the environment.  
 
A number of the membrane technologies that can be applied for desalination, like RO, NF, UF, 
MD, FO do also remove micro-organism from the water. Nanotechnology, as well, is applicable 
in this area. Some new oxidation technologies are used in other sectors (Wet Air Oxidation, 
Supercritical oxidation), but adaption for horticulture looks difficult seen the complexity and the 
high costs of the installations. Photocatalytic oxidation looks an attractive alternative. This 
technology was exchanged and showcased in the framework of WP5 of FERTINNOWA. In situ 
preparation of oxidation chemicals could avoid risks related to storage of oxidative chemicals.  

Fertigation equipment 

Fertigation equipment includes the equipment related to irrigation and the addition of nutrients.  
Proper design and an adequate selection of materials and equipment are crucial to achieve 
proper standards of water use efficiency and uniformity. This is especially the case for large-scale 
systems and irrigated areas on sloping fields. There is a need for good models and tools to 
support this design.  
 
Irrigation equipment 
For innovations in irrigation equipment, the main criteria are linked to the general issues, like 
costs-effectiveness, user-friendliness, environmental impact and reliability.  Biodegradable and 
compostable plastic materials could support the evolution towards the use of more 
environmental friendly materials. Also, these biodegradable materials could be more cost 
effective compared to classic materials. These products are being used already in many economic 
sectors like food-services, packaging, consumer goods, but also tests in irrigation equipment 
have been carried out. A different approach to reduce the environmental impact of irrigation 
equipment, such as irrigation lines, is to increase the lifespan of these products, adopting better 
installation practices and use additives for improving the lifespan. 
Preparation of the nutrient solution 
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The preparation of nutrient solutions requires a continuous accurate injection of the stock 
solution. Volumetric injection pumps, electromagnetic or piston-driven, address the inaccuracy 
of venture injectors. This technology is already known in the horticultural sector but rarely 
applied due to the high maintenance costs and the fragility of the technologies.  
 
Seen the future trend to use more and more different sources and qualities of water, suitable 
software and selective sensors for a good control of the quality are needed. Automatic systems, 
continuous real time monitoring ion concentrations with selective sensors are in development 
for application in horticulture. Ultrasonic and electro-magnetic flowmeters could improve 
accuracy for measuring low-flow. 

Fertigation management 

In fertigation management, determining the crops’ water and nutrient demand throughout its 
cycle and the balance of water and nutrients in the soil or substrate, are the most important 
factors. However, these data are specific to each farm, cultivation and even variety. There are 
technologies that support fertigation management, but there are still bottlenecks that have to 
be overcome. 
 
Irrigation management 
Irrigation management should overcome issues related to soil heterogeneity and deficiencies in 
the irrigation system. Management technologies should be highly adoptable to local crop and 
farm requirements. The technologies should be user-friendly, requiring a standard agronomical 
background.  
Superabsorbant polymer can help to reduce losses through runoff and leaching at an 
environmental friendly way. In general, robotics can be further introduced in horticulture as also 
the use of drones can support adequate management of plots with high variability.. Finally 
Artificial intelligence can be used in the future to help solve the problems around uniformity 
efficiency and acquiring more technical knowledge. Zigbee, a high level wireless network system 
used in a lot of sectors, can also be adapted for horticulture. 
 
Nutrient management  
To achieve good fertigation management the four principles (correct source, dose, moment and 
place) should be met. Innovations in the area of IT are very helpful to improve fertigation 
management. On large and more complex scale, Big Data - using a series of algorithms to process 
greater amounts of data –could lead to new improvements. On a smaller scale,  the development 
of specific app’s to be used with smartphone or notebook, could offer new possibilities and 
improvements.  
 
Nanotechnology is a broad concept that can be translated to the horticulture by using nano-
sensors, nano-fertilizers, nanostructure and nanoparticles. The latter could support better 
controlled release of fertilizers. Biotechnology can be very helpful e.g. for more effective use and 
recycling of fertilizers. Inhibitors can be used to reduce conversion rate of ammonium to nitrate. 
Controlled release of fertilizers are already used at a large scale in the United States and Canada. 
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Reducing environmental impact 

A lot of sectors are confronted with comparable problems in relation to the discharge of 
nutrients and organic pollutants. A number of the technologies used for improving water quality 
and closing the water cycle can also be used to reduce emissions. It concerns technologies such 
as, ED, CDI, NF and FO. In some cases, further concentration of the water stream has to be carried 
out as a pre-treatment. A combination with ePhos, electrochemical Phosphorous precipitation, 
could be a solution here. Electromembrane filtration (EMF), using both pressure and an electric 
field, is mainly used in food and biotechnology. This technology can result in a higher selectivity 
with lower energy demand. The 1-step filter combines four treatment technologies for one step 
effluent polishing. Disadvantage is that no recovery of nutrients is possible. 
 
Ammonium recovery is possible with membrane contactors, already tested in manure 
processing. Also, biological technologies from the municipal and industrial waste water 
treatment can be used to remove nutrients from discharged water streams. Special attention is 
paid at Phosphorus and Nitrogen removal and the recovery of nutrients. Struvite precipitation is 
applied in different sectors. Disadvantages are the high costs of MgCl2 and the regulation on the 
use of struvite as fertilizer. Ion exchange can be applied to remove and recover both nitrogen 
and phosphorus from discharged water.  
 
Technologies removing pesticide residues should primary  work highly effective to meet the set 
threshold values and guarantee that no  harmful by-products are produced. In pharma, chemical 
industry, and as well in urban waste water treatment plants, adsorption and oxidation 
technologies are used. Innovations in adsorption are zeolites and MOF’s (Metal Organic 
Frameworks) that have a higher selectivity. Also, membrane processes are applicable. By 
combining technologies, like in the 1-step filter, better results and/or a multiple effect can be 
achieved. The main bottleneck in the horticultural sector regarding these technologies is the 
small volume that has to be treated. Therefore, mobile installations are considered. 
 
The search for innovative solutions for the gaps identified for the fertigated crops in D4.1 showed 
to be very fruitful. For each phase of fertigation, several technologies were found in different 
sectors.  A number of these technologies met all or several of the set criteria. Several of these 
technologies were already tested at different scales in horticulture but are rarely implemented 
at the farms’ level. Finally, it can be concluded that a significant number of the scouted 
technologies  show a high potential for the fertigated sector. Still,  research has to be carried out 
at different scales to adapt these technologies to the specific horticultural conditions. For those 
technologies already investigated in the horticultural sector, more practical research and 
demonstration initiatives under real size conditions are necessary to raise awareness at the level 
of the different actors involved. Close collaborations should been set up between technology 
suppliers, researchers, growers and authorities to assure these new technologies could meet the 
technological, economic, legal and environmental criteria.  Tailored business models should be 
provided to  investigate in more detail the potential of the scouted technologies to solve current 
bottlenecks in the fertigated sector.   
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2 Introduction  

2.1 Objectives 
Work package 4 (WP4) aims to bring the sustainable water use to a higher level introducing 
innovative technologies from other sectors to the horticulture sector to overcome remaining 
technological gaps. 
 
In deliverable 4.1 the remaining gaps between the bottlenecks listed in the Benchmark Survey 
(D3.3) and retrieved from the Benchmark workshop (D3.5) were evaluated. In this report, the 
relationship between the existing technology described in the Fertigation Bible and the difficulty 
in its application for improvement in water management were described. The final conclusions 
indicated that a lot of methodologies and technologies are available to support growers to use 
water and nutrients more sustainably, and to improve productivity and profitability. However, 
still steps forward can be made to support further improvement of water and nutrient use and 
sustainability. The benchmark survey revealed that growers all over Europe are facing problems, 
either on a technological, legal or socio-economic level. Some of the problems faced occurred in 
specific regions, crops or growing systems, while other problems were experienced in all areas 
in Europe. Part of the problems are more general and do not count for one topic and / or do not 
have a technological origin. Often, a combination of technological and non-technological 
solutions seems to be required to support growers bringing their growing systems to the next 
level of sustainability. 
 
The technology that currently exists can therefore help to improve use water and nutrients more 
sustainably and at the same time allow improvement of productivity and profitability. However, 
there is technology from other sectors that is already being used with great results and improving 
the processes in industry and other sectors other than agriculture. These technologies that are 
already in use in other sectors could be a good alternative to be integrated into the agricultural 
production processes to improve water and nutrients supply. The specific objective of T4.2 is to 
check if these technologies that are common practice in other sectors, e.g. the process industry 
or mining industry, but are not yet known to be suitable for application in the horticultural sector, 
especially with respect to fertigated crops, could be adopted.  
 
These technologies are not new, necessarily, but their application to agriculture is, in most cases, 
relatively new and likely to produce positive results. They may not be as epoch-forming as the 
invention of the plough or plant and animal domestication itself, but they will definitely have an 
impact on the future of agricultural production (Shaw, 2017). The technology described in this 
report may be technology that currently has no link with agriculture or technology that comes 
initially from other sectors and that is in an initial phase of integration in agriculture but that is 
not a technology that is being used directly by the farmer, but is being applied by service 
companies in multidisciplinary teams, which integrate agronomic knowledge with other 
knowledge such as industry or information technology. As an example, we have precision 
agriculture, the act of using resources more precisely, and to increase agricultural yields, 
encompasses a series of different technologies including farm management software, drones, 
satellite imagery, sensors, that integrates knowledge and the development of technology such 
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as geo-statistics, remote sensing, aeronautics and physics for the development of algorithms and 
wavelength measurements that identify the water and nutrient needs of the crop in the different 
moments of its cycle and that are currently being used at a general level by different companies 
to indicate recommendations for irrigation management and fertilization to the farmer, but due 
to the need for a high knowledge of different materials it is impossible for the farmer to use them 
directly at present. Drones are a part of this and are seen to have huge potential to help farmers 
monitor their fields, make timely decisions to avoid yield losses, and even help with applying 
inputs onto the land. Many farmers were quick to purchase drones, but few have found them 
more than a nice-to-have. The challenges include: limited battery life, inability to analyse the 
imagery data in real-time to provide real decision-making benefits, time-consuming and labour-
intensive to launch and fly under regulations, and lack of clear customer base is it the farmer 
himself, or his agronomist or consultants (Rob Leclerc, 2016).  
 
The technologies described in this report will be framed in the following sections: 
 
Table 1. Overview of the main topics 

Topic Group title 

3.1 Availability of water (storage, systems, tools) 

3.2 Optimizing water quality - Nutrients 

3.3 Optimizing water quality - Removal of particles 

3.4 Optimizing water quality - Removal of algae 

3.5 Optimizing water quality - Disinfection 

3.6 Fertigation management – Irrigation equipment 

3.7 Fertigation management – Nutrient addition equipment 

3.8 Fertigation management – Irrigation management 

3.9 Fertigation management - Nutrient management 

3.10 Limiting environmental impact- Nutrient removal and recovery  

3.11 Limiting environmental impact- Pesticide residues  

2.2 Methods  
The results of task 4.1 and D 4.1 are the basis of task 4.2 described in this report, D 4.2 Inventory 
of innovative technologies of other sectors. 
 
The tasks specifically focus on technologies that could fill the gaps as identified in task 4.1 but 
does not exclude other technologies that could improve the current situation. Technologies that 
are currently developed for this sector but are still in research phase (low TRL) are also 
considered.  
 
In a first step a set of criteria, involving technological, regulatory and socio-economic aspects are 
created which the scouted technologies should meet at the end. Technologies should meet 
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criteria that are enable efficient fertigation for the cultivation of crops without any reduction in 
yield or quality of products. 
Scouting of the innovative technologies from other sectors is the main step of this task: 
These technologies may be common practice in e.g. the process industry, mining industry, 
chemical industry, food processing, but are not yet known to be suitable for application in the 
horticultural sector, especially with respect to fertigated crops.  
 
The potential of transferring these water treatment solutions for sustainable water use from 
other sectors will be assessed using the expert knowledge of TNO and its technology network.  
 
Best Available Techniques Reference Document (BREFs) and the ETV program will be asked. 
Relevant networks such as the WssTP working group on Agriculture & Irrigation will be consulted. 
 

2.3 Relation with Technology integrated and Climate change/water 
scarcity 

Agriculture is the oldest science, however in many cases it has been the last to adapt new 
technologies to their day to day activities. On the other hand, other productive sectors have been 
at the vanguard for years in the incorporation of technology in their developments. In the last 
decade this phenomenon is changing, for years agriculture has stopped being an artisanal work 
to become a global activity in which economic, environmental and social sustainability must 
coexist. Agriculture faces the enormous challenge of feeding a growing population, it is estimated 
that by 2050 the world population will reach 9.2 billion people, preserving the planet's 
sustainability. Currently this huge challenge is only possible incorporating the latest technologies, 
these technologies are already being used successfully in other sectors that thanks to the ICT 
(information technology and communication) are improving their products, saving costs, 
etcetera.  
 
Technology integration in agriculture 

Technology is being implemented in almost every aspect of our lives and business function. So, 
embracing it and learning how to use technology in whatever we do is very important and 
recommended.  The need for technological development in agriculture to achieve "sustainable 
intensification" is on the agenda of governments and international bodies. Innovation is also at 
the centre of the EU2020 strategy. New technologies and their adoption by EU farmers are key 
drivers in maintaining European agriculture competitive in a global world. While the potential of 
technological development for sustainability of agriculture is acknowledged, there is a global 
trend towards increased regulation of new technologies in agriculture. 
 
The World Government Summit launched a report called Agriculture 4.0 – The Future Of Farming 
Technology. The report addresses the four main developments placing pressure on agriculture 
to meeting the demands of the future: Demographics, Scarcity of natural resources, Climate 
change, and Food waste (De Clercq et al., 2018). 
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The report states that, to meet these challenges will require a concerted effort by governments, 
investors, and innovative agricultural technologies. Agriculture 4.0 will no longer depend on 
applying water, fertilizers, and pesticides uniformly across entire fields. Instead, farmers will use 
the minimum quantities required and target very specific areas. The report further states that, 
farms and agricultural operations will have to be run very differently, primarily due to 
advancements in technology such as sensors, devices, machines, and information technology. 
Future agriculture will use sophisticated technologies such as robots, temperature and moisture 
sensors, aerial images, and GPS technology. These advanced devices and precision agriculture 
and robotic systems will allow farms to be more profitable, efficient, safe, and environmentally 
friendly. Figure 1 shows some examples of the technology that can be integrated into agriculture 
and its level of maturity (De Clercq et al., 2018). 
 

 
Figure 1. Examples of Technoology that can be integrated into agricultur and its level of maturity. (Source: AgFunder's AgTech 

Investing Report: 2016) 

Agriculture has confirmed its place as an industry of interest for the venture capital community 
after investment in Agtech broke records for the past three years in a row, reaching $4.6 billion 
in 2015 (Agtech funding report, 2016). For a long time, it wasn’t a target sector for venture 
capitalists or entrepreneurs. This increasing interest in the sector coincides with a more general 
“Third Wave” in technological innovation, where all companies are internet-powered tech 
companies, and start-ups are challenging the biggest incumbent industries like hospitality, 
transport, and now agriculture. The oldest industry in the world has so far gone to catch up with 
the world's other industries (Rob Leclerc, 2016). 
 
There is huge potential, and need, to help the agro industry find efficiencies, conserve valuable 
resources, meet global demands for protein, and ensure consumers have access to clean, safe, 
healthy food. Those technologies aiming to impact the industry “on the farm”: input technologies 
(encompassing all inputs such as fertilizers, pesticides, soil amendments, genetics, seeds, and 
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feed); precision agriculture (including drones & robotics, big data, smart equipment & sensors 
and farm management software); new production and new business models (indoor or 
controlled environment agriculture, cellular agriculture, input and asset sharing).  
 
One of the principal problems that some new technologies that it can become part of the aid for 
the water management in agriculture can have a problem of breaking into a market eager for 
new technologies but that the costs and the little adaptation to the needs and objectives of the 
farmer can cause their failure.  
 
The Gartner cycle, as showed in the following figure, follows the pattern of people’s expectations 
when they’re exposed to a new idea or technology. Essentially, a new idea/technology is 
introduced, it demands a huge amount of hype, the hype goes beyond the technology's current 
capabilities, the crowd is disillusioned until the tech climbs out of the barrel and shows its 
usefulness. methodology gives you a view of how a technology or application will evolve over 
time, providing a sound source of insight to manage its deployment within the context of your 
specific business goals. 
 
While these expectations are moving up and down and up again, the actual technology is building 
steam in the background, according to a version of Moore’s Law, which states that technological 
innovation increases exponentially over time. 
 
A lot of technologies are still climbing the hype, and it largely hasn’t delivered on its technological 
promise (figure 2). 

 
Figure 2. AgFunder's adaption of the Gartner Hype Cycle to include AgTech categories. Source: Forbes. The Next Phase For 

Agriculture Technology. (https://www.forbes.com/sites/robleclerc/2016/07/05/the-next-phase-for-agriculture-
technology/#777a0a156b88) 

 
 

https://www.forbes.com/sites/robleclerc/2016/07/05/the-next-phase-for-agriculture-technology/#777a0a156b88
https://www.forbes.com/sites/robleclerc/2016/07/05/the-next-phase-for-agriculture-technology/#777a0a156b88
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3 Innovative solutions for the different areas 

3.1 Availability of water (storage, systems and tools).   

3.1.1 Summary of bottlenecks and gaps 

An overview of the main gaps in relation to the storage of water like investment costs, 
maintenance of the water quality during storage, the requirement for land, risk assessment of 
large water storages for flooding, ...are presented in table 1-1 . These gaps are based on the 
outcomes of task 4.1 and described in more detail in deliverable 4.1. 

Table 2. Overview of hte gaps related to water storage: 

Bottleneck  Explanation Specific demands 

Need for collecting surfaces In the current approach, rain water is collected and 
stored on site. In case no collecting surfaces are 
available, rain water is not stored and thereby not 
used.  

Alternative – low cost 
methods to collect rainwater 
without the requirement of 
collecting surfaces 

Need for land  Larger water storages such as lined reservoirs or 
ponds require larger surfaces, other than the 
productive surface of the farm. 

Water storages with a 
minimal requirement. 

Initial investment costs might 
be considerable in case of 
large scale water storages.  

Although rainwater is free of charge, the 
investments to store rainwater can be 
considerable. In Southern Europe also ground 
water or water of irrigator’s communities is stored. 
In both cases, water storage requires larger 
surfaces to install the storage. In areas with 
intensive horticultural activity, the prices for land 
may rise to €40 per m² (region of Almeria, El Ejido). 
Costs for foils and algae prevention may increase 
the investments costs further.   

Water storages with minimal 
investment requirements. 
This means minimal demand 
for land, no light intrusion….   

Due to climate change, the 
dimension of water storage 
systems should increase.    

Climate change is leading to extremes in 
precipitation and evaporation (crop) patterns. 
Prolonged droughts and excessive rainfall increase 
the needs for larger water storages and buffers. 

Maximal storage capacities 
with minimal additional 
surface requirement.  
 

Collected rainwater might be 
contaminated during the 
collection or storage process.  

Sediments, residues of plant protection products 
(PPP) and microbiological contaminations can enter 
the stored water either during the catchment phase 
or the storage phase. At this moment, technologies 
are available to remove these contaminants from 
the stored water, but this increases the price of the 
stored water. Above, contaminants can lead to 
either risk for plant or human health when applied 
as irrigation water.  
 

Low cost and reliable 
methods to prevent 
contamination of the 
collected and stored 
rainwater.  

The most critical gaps for water storage are:  
1. Insufficient insight in the composition of the costs of storing rainwater and the economic 

benefits of using rainwater) 
2. Adapting water storages to current and future effects of climate change 
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3. Safeguarding of the quality of the stored (rain)water.  
4. Rain water collection requires large collecting surfaces 

Ad. 1.  Insufficient insight in the composition of the costs of storing rainwater and the economic 
benefits of using rainwater  

In general, growers store water to fulfil (part of) the crops’ fresh water throughout the complete 
season.  Although rainwater itself is free of charge, the investment costs linked to water storage 
can be considerable. The Benchmark Survey (Deliverable 3.3) showed that growers are aware of 
the price of ground or mains tap water. Only exceptionally, a grower indicated that as well the 
use of rain water included a cost per m³ applied rain water. On the other hand, investing in 
sufficient water storage will have some additional benefits.  

Ad.2 Adapting water storages to current and future effects of climate change  

Climate change is continuing globally and in Europe. New record levels of some climatic variables 
have been established in recent years. Although climate change is affecting all regions in Europe, 
the impacts are not uniform. Precipitation patterns are changing, generally making wet regions 
in Europe wetter and dry regions drier. At the same time, climate-related extremes such as heat 
waves, heavy precipitation, and droughts, are increasing in frequency and intensity in many 
regions. Figure 2 gives an overview of the key observations and projected climate change and 
impacts for the main biogeographical regions in Europe (European Environment agency, 2017).  

 
As the impacts of climate change differ strongly, the different horticultural areas in the EU will 
be affected differently. Increased water storage is a key mitigation element for the society as a 
whole. Besides horticulture and agriculture, also cities and industry have to adapt to deal with 
the impact of climate change.  Therefore, it is important to look for smart, integrated solutions. 
For example design and set-up of cities and for example industrial, and horticultural areas have 
to take into account climate change and the consequence for water supply. 

 
On a national or even international level one may think about large scale retention of freshwater 
as is done in the Netherlands: The Ijsselmeer. The Ijsselmeer buffers fresh water coming in from 
rivers. The collected water is used for the production of drinking water but also used for 
agriculture. 

Ad 3. Safeguarding of the quality of the stored (rain)water 

Sediments, residues of plant protection products (PPP) and microbiological contaminations can 
enter the stored water either during the catchment phase or the storage phase. At this moment, 
technologies are available to remove these contaminants from the stored water but this 
increases the price of the stored water. 

Ad 4. Rain water collection requires large collecting surfaces 

Besides the precipitation amount and pattern, as well the growing system is deciding in the use 
of rain water as a primary water source. Greenhouses, trayfields, container fields, … are 
characterised by large collecting surfaces, making the collecting of rainwater easy. Seen the 
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growing competition for fresh quality water, there is an interest in alternative technologies and 
approaches to collect precipitation water without the requirement for collecting surfaces. 

3.1.2 Definition of specific criteria for new solutions 

The ideal water storage system should:  
1. Have an acceptable investment and maintenance cost  
2. Have a limited surface requirement 
3. Be independent of the collecting surface 
4. Provide qualitative water. This implies that the collected water is of high quality 

and this quality is maintained during the storage period.  
5. Provide water at an acceptable temperature. 
6. Includes possibilities to mitigate to future effects of climate change 

3.1.3 Innovative solutions (from other sectors) 

Table 3. Overview of the innovative technologies solutions from other sectors related to water storage: 

Innovative technologies 
for water storage 

Gaps solved 

Aquifer storage and recovery   Most of the gaps described above are solved. 

Clustering rainwater 
harvesting systems 

By clustering rainwater harvesting systems water storage capacity is 
used in a more efficient way. It could be a method to reduce risk for 
floodings in paved areas. 

Regional data platforms for 
quality and quantity of 
alternative water sources 

Increased insights in the quality and availability of alternative water 
sources could offer new possibilities to fulfil the crops fresh water 
demand in a more sustainable way.  

3.1.3.1 Use of Aquifer Storage and Recovery for outdoor soil grown crops 

Fulfilled criteria 

Many regions with intensive cultivation of soil grown outdoor crops face water scarcity during 
prolonged periods of drought. Rainwater harvesting is not or only in limited extend applied at 
these farms as no or limited collecting surfaces are available at the farms’ site.  
Collecting rainwater or surface water from the surrounding area and storing this water in 
aquifers and recovering it from these aquifers would comply with most of the set criteria:  

1. Have an acceptable investment and maintenance cost which is in line with the water 
quality of the stored rain water.  

2. Very limited surface is required for the purification of the water. 
3. In specific designs, water from surrounding areas could be used to infiltrate. In this way, 

the ASR does not depend on collecting surface of the farms’ site.  
4. High quality water can be recovered from the aquifers, depending on the design and 

characteristics of the aquifers. Algae blooms and contaminations are not applicable.  
5. The extracted water has a fixed temperature.  
6. The dimension of the underground sweet water bell can be adapted to future climate 

change as long as sufficient water is available to feed the water bell.  
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Description of the technology and present use 

ASR is already applied for many years in the horticultural sector all over Europe. For example,  in 
the Dutch greenhouse regions, ASR is applied frequently in regions with appropriate aquifer 
conditions. More recently, the ASR technology has been taken up by the urban sector and new 
adaptions were made that in turn could have a benefit for the horticultural sector.  
 
Urban areas are increasingly dealing with flooding due to intense rainfall and water shortages 
due to more prolonged droughts. Current solutions are aimed at discharge and supply and are 
often costly and unsustainable. Retention and infiltration in the city are, therefore, necessary to 
be able to deal with surpluses quickly, to retain them for a more extended period and to use 
them. However, the necessary space for retention and infiltration in urban areas is usually scarce, 
which leads to conflicts with other above-ground functions and/or costly solutions. In the 
Netherlands, the Urban Water Buffer project has been developing a new approach. The Urban 
Water Buffer strives to purify rainwater in urban areas and to retain it longer, without conflicting 
with ground level functions. For this, deeper aquifers are used for infiltration, storage and 
extraction of rainwater via wells. A first pilot of the Urban Water Buffer concept has been 
installed at the football stadium of Sparta in Rotterdam-Sprangen, the Netherlands. Around 30 
mm precipitation of an area of 4 hectares of surrounding streets, roofs and squares can be stored 
in underground water storage of 1.400m³ underneath the Cruyff Court. In this way, the risk of 
floods is significantly reduced. In a next step, the collected rainwater passes through a bio-
filtration system of 90m² that acts as a slow sand filtration. The water is purified and meets the 
set water quality criteria before it is stored in an aquifer 20m underneath the soil surface. The 
system allows to treat and infiltrate the 1.400m³ of water within 48 hours. This small scale 
infiltration system provides yearly 15.000m³ of irrigation water for the Sparta stadium (figure 
1.5). 
 

 
Figure 3: Concept of the Urban Water Buffer in Rotterdam-Sprangen. (Source: https://www.urbanwaterbuffer.nl) 

 

https://www.urbanwaterbuffer.nl/
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Why and how can the methodology be adopted to the agriculture/ horticulture? 

Based on the experiences with ASR in the horticultural greenhouse sector and the urban sector, 
a solution might be offered to overcome future water scarcity and/or floods in areas where 
farms’ have insufficient or no collecting surfaces available at the farm’s site. 

  
In important horticultural areas, excessive precipitation is collected in creeks and small water 
streams. The water is lead along horticultural areas. This natural water system could be applied 
to feed ASR wells at central locations in the horticultural area. Small scale retention and 
purification sites should be installed to assure the infiltrated water meets the set water quality 
criteria, not only described in European, national and regional legislation, but also in the criteria 
set of the end-users. During periods of excessive rainfall, a fresh water bell can be created in an 
appropriate aquifer. At times, irrigation is applied, the water can be withdrawn from the fresh 
water stock. Water pipelines might be required to provide water to the surrounding fields and 
farms. In case sources of pollution (discharge of domestic water etc. ) are absent, the natural 
water system might be used again as a low cost supply system to provide water to the 
surrounding fields and farms. The approach of the Urban Water Buffer project could provide 
some new approaches for the small scale purification of the collected water. In many cases, only 
small areas will be sacrificed for the storage and treatment of the water and the loss productive 
land will be minimal. 

 

 
Figure 4. Bio-filtration on the Sparta site. The bio-filtration site only takes 90m². (source: 
https://fieldfactors.com/blog/indexphp/opening-urban-waterbuffer-spangen) 

 

Brief description of regulation concerning the technology 

To foster the implementation of ASR it is important to ensure that ASR does not compromise any 
of the protective goals or threshold values given in the European and national legislation. The 
present European water directives do not specify requirements for ASR and only define a broad 
frame in which ASR might be developed. Water Framework Directive regarding groundwater 
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quality: It should be guaranteed that infiltration does not negatively impact the groundwater 
quality. National regulations to verify the infiltration water quality can be strict (high-frequency 
of sampling and analyses), negatively impacting the business cases. Therefore,  the national and 
regional regulations should be consulted when investigating the potential of ASR.  
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3.1.3.2 Clustering Rainwater Harvesting Systems 

Fulfilled criteria 

By connecting or clustering surfaces, other than those of the farms’ site, to the water storage, a 
two-fold benefit can be obtained. From the farms’ site,  the benefit lays in a higher utilisation 
rate of the present water storage. With the same water storage capacity, a larger percentage of 
the crops’ fresh water demand can be fulfilled.  Rainwater harvesting can also offer benefits to 
other parts of the water cycle including moderating peak storm water runoff.  By collecting the 
water in the farms’ water storage, the water might be retained from creeks and water streams 
during and just after intensive precipitation. In regions with intensive horticulture this might 
significantly reduce the risks for floods. Clustering of collecting surfaces might, therefore, be a 
way to respond to climate change.  
 
As rainwater is collected from rooftops, the water quality should be of similar quality of the 
rainwater collected at the farms’ site. In case of doubts, water samples should be taken first. The 
economic feasibility will depend on the specific farms’ situation. In case collecting surfaces 
(mostly buildings) are nearby, the costs for connecting the additional collecting surface might be 
feasible.  

Description of the technology and present use 

Water issues such as water shortage and flooding, are not bound by legal parcel boundaries. 
Collective actions may tackle both flooding or water scarcity. Worldwide, communal rainwater 
systems are installed to collect rainwater and to fulfil part of the communities (non)potable 
water demand. Also in the industrial sector, rain water harvesting has gained importance to fulfil 
the companies water demand. The excess water of one company can be a potential water supply 
for the nearby company. Mapping of the available water volumes and water quality is essential 
to investigate the potential of water exchange between neighbouring companies. An interesting 
example can be found in Flanders.  The Flemish research institute Vito has developed a map that 
investigates, for example, the potential for rain water exchange between car washes and 
neighbouring roof surfaces. The map offers the users a first idea of the payback time. 
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Figure 5. example of a Multi-site approach for a carwash company, based on Vito’s Buurwater maps (source: 

https://vito.be/en/product/multi-site-approach.) 

 

Why and how can the methodology be adopted to the agriculture/ horticulture? 

The “Buurwaterkaart” of “Multi-site approach” of Vito for the car wash industry can easily be 
translated to several sectors, amongst which as well the horticultural sector. Clustering collecting 
surfaces can offer possibilities for both covered crops and crops in open fields Recently, Vito has 
provided a first draft of the “Multi-site approach” for Flemish greenhouses in the region of 
Mechelen. This is just a first approach and still many improvements have to be provided. The 
concept of multi-site approach directly leads to new issues concerning legal provisions, quality 
controls and guarantees.  

Brief description of regulation concerning the technology 

The clustering of rain water harvesting is subject to multiple regulations at both European, 
national and regional level. For example, collective rain harvesting infrastructures and scales 
should comply with construction legislation. 
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3.1.4 Regional data platforms for quantification and identification of 
alternative water sources  

Fulfilled criteria 

A database reporting about the availability and quality of alternative water sources from the 
neighbouring sites, including agricultural, industrial and residential on one hand, and the water 
demand, again both qualitative and quantitative, at the other side, would offer important new 
insights for the agricultural sector. In this way, the potential and feasability of new collaborations 
could be investigated.  

Description of the technology and present use 

In many sectors, including the residential, industrial and agricultural sector, important 
alternative water streams are produced. Alternative water streams include, harvested rainwater 
from roofs, onsite stormwater, graywater, discharged water from water purification processes, 
on-site reclaimed wastewater, captured condensate from air handling units. In the residential 
sector, for example, the role of decentralised alternative water sources in reducing demand for 
imported potable water and reducing the environmental impact of urban development has 
received considerable attention.  
 
In order to fully map the quantity and quality of the available alternative water sources, there is 
a need for reliable databases. Also, for water, several databases exist. For example, the Flemish 
Geoview database, allows to consult the data regarding the quality and quantity of discharged 
water streams. While the Buurtwaterkaart of Vito (cfr. 3.1.3.2) provides additional information 
regarding rain water harvesting. 
 

 
Figure 6. Print screen of the Geoloket. By clicking on the icons, the website provides more detailed information on the water 

quality and quantity of the discharged water (http://geoloket.vmm.be/Geoviews/) 

On a more global scale, initiatives can be found that combine the data from different databases. 
The World Waste platform, for example, puts together the data from eight trash mapping apps 
in this way providing a worldwide maps of detailed information on the origin and amount of 
waste produced.  
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Figure 7. The World Waste Platform provides a global overview of the waste production (https://opendata.letsdoitworld.org/#/) 

 

Why and how can the methodology be adopted to the agriculture/ horticulture? 

Today, already some examples exist for the implementation of alternative water sources in the 
agricultural sector. In the framework of the Dutch Interreg project F2Agri (literally meaning 
Effluent  farms (457 hectares) in the surrounding area. The company’s wastewater comes from 
washing and blanching of vegetables and cleaning of the processing units. Another example can 
be found in Malaga, Spain. In the framework of the H2020 RichWater project, a test site was built 
to implement regenerated water for the fertigation of tomatoes, mangos and avocados.  
 
The use of alternative water sources includes a huge potential for the agricultural sector. 
However, the use of these water sources for food production pose specific quality criteria 
regarding for human and plant pathogens, metals, nutrient elements (such as sodium) and other 
pollutants. The current set of parameters included in most databases might, therefore, needs to 
be extended.  

Brief description of regulation concerning the technology 

The safe management of alternative water sources in agriculture is facilitated by appropriate 
policies, legislation, institutional frameworks and regulations at the international, national and 
local levels. This is especially so in case treated wastewater is used. The EU Commission proposed 
on May 2018 new rules to stimulate and facilitate water reuse in the EU for agricultural irrigation. 
More detailed information regarding the EU-level instruments on water reuse can be found in 
the final report published in October 2016.  
  

https://opendata.letsdoitworld.org/#/
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3.2 Optimizing water quality: Nutrients  

3.2.1 Summary of bottlenecks and gaps 

An overview of the main bottlenecks and gaps in relation to the production of a good quality of 
water, based at the outcomes of task 4.1 and described in Deliverable D4.1  is given in Table 4. 
 
Table 4. Overview of the bottlenecks at the production of a good quality of water (focus nutrients) 

Bottleneck Explanation Specific demands 

Accumulation of Sodium, 
chloride and other ions 
limits re-use  

By closing the water cycle the concentration of harmful 
ions, that are not taken up by the plant, increase, so 
discharge and/or refreshment of the water is needed.   

Technologies with higher 
selectivity for Sodium/ 
Chloride 

Fouling of membrane 
systems, applied for 
desalination 

Membrane systems, like RO, NF, ED, MD are sensitive for 
fouling. Often a pre-treatment is needed for prevention of 
fouling.  Precipitation by bad soluble salts can cause 
fouling.  Lowering pH can reduce this problem 

Technologies less 
vulnerable for fouling 
and clogging. 
Fouling prevention 

Water quality demands 
for different crops not 
always available or 
known? 

Do farmers know their specific demands for all crops. Are 
crops possibly less (or more) vulnerable for sodium, 
chloride, …?. This can result in different (sometimes less 
stringent) demands for nutrient removal 

Data bases 
Methodology to decide 
on water quality 
demands 

Production of 
concentrates of 
desalination that cannot 
be discharged 

Most of the desalination technologies are concentrating 
technologies. Besides clean water a concentrated (salt) 
stream is produced that has to be disposed. For the reuse 
the nutrients in the concentrate other components have 
to be removed.  

 Produce re-usable 
concentrates. Selective 
removal of specific ions 
(e.g. Na) from 
concentrates 

Accumulation of harmful 
organic components 
limits re-use of 
concentrates. 

The technologies for nutrient removal are often focused 
on removal of salts, not or limited at crop protecting 
agents, micro-organism or other harmful components. 
There is a need of higher selectivity towards organic 
components 

Technologies for 
treatment of 
concentrates 

High costs of nutrient 
removal 

In comparison to the (low) water and nutrients costs, the 
treatment costs for re-use are too high (long pay-back 
time). Possible solutions are standardisation, produce 
products (concentrates) that can he re-used) 

 Small scale systems that 
are economically 
feasible 

 
The bottlenecks mentioned in the table above can partly be solved by general measures, like 
good operating practices, standardisation and prevention.  
 
The most important remaining gaps for nutrient removal are: 

1. Insufficient selectivity for sodium removal (and crop protecting agents) 
2. Fouling of membranes 
3. Insufficient insight in the water quality demands 
4. Technologies for further treatment of concentrates 
5. High costs of the systems 
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Ad. 1.  Insufficient selectivity 

The possibilities to selectively remove sodium from nutrient rich streams are limited. For 
membrane processes there is a need for more selective membranes, for Ion exchange (IX) for 
more selective resins. Also, some technologies, such as membrane based technologies,  do not 
allow the selective removal of crop protection agents. For the recirculation of water it can be 
preferable to remove specific elements, such as sodium, but to keep the protection agents in the 
solution.  

Ad.2 Fouling of membranes (and other systems) 

Fouling is a very general problem when applying membrane processes. Often a pre-treatment 
step is needed, but in a lot of cases the origin of the fouling is not known. It might be useful to 
look more specific to the fouling problems for the different applications in agriculture and in 
relation to the sources used. 

Ad 3. Improved insight in water quality demands needed  

Growers are not always aware of the water quality demands and choose “high water quality“ for 
being at the safe side. This leads to a too far going treatment of the water and removal of the 
nutrients. Also the availability of crops that can grow at higher sodium levels can be discussed 
within this framework. A lot of information is available but not accessible or used in the right 
way. Also growers are not aware of the mineralisation rate of their soil and are fertigating their 
crop at a too high intensity. Therefore, they have been working on the following: The 
Kulturbegleitenden Nmin Sollwerte-System (KNS) is an easy guide to take the soil reserves and 
mineralisation rate into account. Proefcentrum Hoogstraten is demonstrating the system in 
FERTINNOWA in several strawberry soil cultivations to show growers the efficiency in controlling 
the levels of nitrate at the end of the cultivation period. 

Ad 4. Technologies for further treatment of concentrates 

The application of separation processes leads to concentrates with a high salt content. At the 
moment it is often very expensive to further concentrate these streams or selectively remove 
components to make re-use of the concentrate possible. Technologies for further concentration 
are limited and costs are often high due to high energy costs, high material costs or other specific 
equipment conditions. In chapter 3.9 also some successful cases of pre concentration of 
nutrients such as N and P are mentioned. Afterwards these nutrients can be recovered by 
forming salts through processes like ePhos . 

Ad 5. High costs of the systems 

The payback time for water treatment equipment is in general long due to low water and 
nutrients costs and related low profits. See also above  
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3.2.2 Definition of specific criteria for new solutions 

Innovative technologies and methodologies for the removal of nutrients from different sources 
to prepare water fit-for-use in horticulture should fulfil the next criteria: 
- High selectivity. For every source – but especially in the case of reuse and recycling of streams 
- a high selectivity for sodium is demanded. Also selective removal of other polluting components 
can be needed. 
- Less vulnerable to fouling and clogging.  Fouling of membranes, but also fouling/ clogging of 
other treatment technologies reduce capacity and make technologies more labour intensive, 
resulting also in higher costs. 
- No or limited amount of waste. Discharge of waste is expensive. An alternative solution is the 
production of a concentrate or sludge that - if necessary after treatment - can be re-used.  
- Helps to improve the insight in water quality demands. There is a lot of information available, 
but growers are not aware of it or not able to use this information in their specific case. 
- Cost effective. In general, the demanded capacity is rather low, so systems should also be 
economically feasible at small scale. 
- The Technology Readiness Level (TRL) is an important criterion when adapting or converting 
new technologies and helps to establish an idea what effort is needed to get growers the new 
solutions to actually work in a horticulture environment.  

3.2.3 Innovative solutions (from other sectors) 

The production of a good water quality in relation to nutrients is relevant for most of the 
industrial sectors. A lot of technologies are available that are broad applicable, also in agriculture, 
but only a few are applied in practice in this sector. However, in the past years tests with a 
number of new technologies have been carried out in horticulture and therefor these 
technologies are also described in the Fertigation Bible (FB), chapter 3. But as these technologies 
are still rather unknown in horticulture and not applied in practice, these are also described in 
this deliverable.  
 
Table 5  gives an overview of (innovative) technologies which are applied or in development in 
other sectors and which may be applicable in agriculture and horticulture. 
 
Table 5. Hybrid solutions 

Innovative technologies 
for optimize water quality 

Effect on Gaps  

Electro-dialyses (ED) Selective for mono and multi-valent ions, less fouling 
Membrane Distillation (MD) Higher concentration, less waste, use waste energy 
Capacitive Deionisation (CD) Less fouling,  
Forward Osmosis (FO) Less fouling, Treat concentrates 
Modified ion Exchange (MIX) Selectivity 
Water Quality Definition tool Improves insight in Water Quality demands 

 
Besides these individual technologies in desalination more and more hybrid technologies are 
applied using combinations of several techniques. Some techniques are less vulnerable for 
fouling or operate better at low salt concentrations. After pre-concentration with these 
technologies the brines can be further concentrated with other technologies, able to work at 
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higher concentration. An example is the combination of RO with FO or MD.  Due to the osmotic 
pressure RO cannot concentrate to high levels. When FO or MD is combined with RO, the brine 
of the RO can be further concentrated. 

Fouling prevention by pre-treatment 

To prevent or control the fouling of membrane systems often a pre-treatment is applied.  Which 
pre-treatment steps are needed strongly depends on the type of membrane system and the 
water source. In some cases only a pH correction is needed to prevent the precipitation of salts. 
In other cases a combination of filtration steps are applied, varying from a course filtration to 
remove particles, to micro- or ultrafiltration to prevent organic fouling. For these technologies 
we refer to the next paragraph: 3.3 removal of particles. 
 
In drinking water production there a lot of experience in fouling prevention. 
Coagulation/flocculation is often used, but in recent studies it appeared that an oxidation/ 
disinfection step additional to coagulation can be very effective, e.g. by dosing small amounts of 
ozone. This can also have a positive effect on the water quality used. 
 
As mentioned, fouling depends strongly on the water source, so general rules cannot be given 
for prevention, see also https://www.wateronline.com/doc/membrane-fouling-and-prevention-
what-works-and-what-s-new-0001 
  

https://www.wateronline.com/doc/membrane-fouling-and-prevention-what-works-and-what-s-new-0001
https://www.wateronline.com/doc/membrane-fouling-and-prevention-what-works-and-what-s-new-0001
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3.2.3.1 Electro-dialysis (ED)   

Fulfilled criteria 

Electro-dialyses (ED) addresses in particular the criteria of less fouling and selectivity. By using 
monovalent IX membranes and/or by lowering the current it is possible to selectively 
monovalent ions, like Na+, NH4+ , CL- and NO3-. It is not possible yet to separate between one 
value ions like K and Na, but with the development of new more selective membranes in the 
future this might be the case. Research is carried out in this area at different institutes. [3]. 

Description of the technology and present use 

ED is a membrane separation process that is driven by a potential difference over semi-
permeable ion exchange membranes. In comparison to reverse osmosis (RO), where a high 
pressure is needed, it is in general less sensitive for membrane fouling. 
 
A schematic representation of the system is shown in Figure 8: 

 
Figure 8. Schematic representation of the used set-up for Electro-dialysis experiments (RESFOOD, 2015) 

 

An electric current migrates dissolved salt ions, including nitrates and sodium, through an 
Electro-dialysis stack consisting of alternating layers of cationic and anionic ion exchange 
membranes. By using  monovalent selective membranes the monovalent ions such as sodium 
and potassium will be separated 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. 
 
This system is called EDR (ED Reversal). ED is used in large scale drinking water production for 
over 60 years. Also for the treatment of different industrial (waste) water streams ED® is applied 
for a long period [1]. 
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Why and how can the methodology be adopted to the agriculture/ horticulture? 
In horticulture the technology is not used yet in practice. In the EU RESFOOD project the selective 
removal of monovalent ions from water has been demonstrated in both lab and pilot scale [2]. 
Electro-dialysis showed to have a good potential. An average of 70% monovalent ion removal 
selectivity was achieved in the pilot setup under strained conditions 
 
The overall flowchart of the pilot setup is shown in Figure 9. 

 
Figure 9. Flowchart ED-R pilot setup in horticulture (RESFOOD, 2015) 

Research is carried out at Wetsus [2] looking for membranes with a higher selectivity for 
sodium. Waterfuture  is developing a small scale system specific for horticulture applications 
with a capacity of 0,5 – 5 m3/dag . 
 
Brief description of regulation concerning the technology 
The discharge of concentrate is restricted by regulations in different countries. 

References 

[1]. VITO EMIS WASS,   https://emis.vito.be/en/techniekfiche/elektrodialysis 
[2]. Torres Vílchez, M., U H202 RESFOOD project, GA No. 308316, Appelman e.a., 
[3]. Treatment of drainage water of substrate growth and re-use of Water and Nutrients 

,Deliverable No. D 8.3  
[4]. Selective Membranes for the Removal of Sodium from Irrigation Water in Greenhouses.  

Z. Qian MSc, prof.dr. Ernst Sudhölter, dr.ir. Louis de Smet, dr. Henk Miedema  
[5]. https://www.wetsus.nl/research/research-themes/desalination 
 
  

https://www.wetsus.nl/research/research-themes/desalination


Transfer of INNOvative techniques for 
  sustainable Water use in FERtigated crops 

 
 

This project has received funding from the European Union’s Horizon 2020 research and 
innovation programme under grant agreement No 689687 

36 

3.2.3.2 Membrane Distillation (MD) 

Fulfilled criteria 

With membrane distillation (MD) it is possible to further reduce the volume of concentrate to 
be discharged.  MD can be used to concentrate brines from other processes, e.g. from RO, but 
also directly for the preparation of irrigation water. By using waste energy it is possible to lower 
the (energy) costs. Compact systems are possible.  

Description of the technology and present use 

Membrane distillation combines membrane filtration with distillation to produce clean water 
from different sources (surface water, drain water) (Figure 2-3). 
 
Membrane distillation was originally developed for desalination of seawater. Major advantages 
of a 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. MD technology is an important alternative for state-of-the-art techniques for 
seawater desalination (like RO, Multi Effect Distillation (MED)and Multi Stage Flash distillation 
MSF). MD generally uses low maximum temperatures, making it suitable for using waste heat 
and/or solar heat. Essentially no additives or anti-scalants are needed to prevent (bio)fouling of 
the membrane in the MD module, in contrast to RO. 

 
Figure 10. Scheme of a membrane distillation process 

Besides for the desalination of sea water MD is also tested at pilot scale in food production for 
the concentration of juices and the treatment of pickling baths from cheese production. 

Why and how can the methodology be adopted to the agriculture/ horticulture?  

As part of the Dutch national project Greenhouse Horticulture Waterproof Substrate Culture, the 
feasibility of MD was studied at a greenhouse horticulture operation using a pilot installation in 
2012. The project’s goal was to prevent emissions of nitrates, phosphates, and pesticides from 
substrate crops in greenhouses. 
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The MD pilot installation was able to reduce the concentration of sodium in the supplied 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 MD membrane distillation 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. It is also possible to use MD as hybrid technology in combination with other 
desalination technologies like RO, FO and NF. 
 

Brief description of regulation concerning the technology 

The discharge of concentrate is restricted by regulations in different countries. 
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3.2.3.3 Capacitive De-ionisation (CDI) 

Fulfilled criteria 

Capacitive De-ionisation (CDI) is expected to be less sensible than other membrane processes for 
fouling of the membranes as it operates at normal pressure.  A good pre-treatment is necessary 
to remove particles from the water. The recovery rate of the water is high, up to 90 %. 

Description of the technology and present use 

Capacitive De-ionisation (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 electro-dialysis.  
In CDI, water flows through a cell where an electrical field is created by a pair of electrodes. Ions 
are attracted toward the electrodes and accumulated. 
After the electrodes are saturated with ions, the adsorbed ions are released for regeneration of 
the electrodes (Figure 11). 

 
Figure 11. Principle of Capacitive De-ionisation 

 

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. 
 
Depending on the conditions CDI typically recovers between 80 and 90 % of the treated water 
and up to 99 % of the salts. The application of the CDI technology is rather new. Commercial 
applications are known in the production of boiler feed water, desalination of ground water and 
surface water with low TDS and in some industrial applications. 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. 
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 seen but 
can create precipitates at high concentrations. 
 
The system is also vulnerable for particles so pre-treatment e.g. by sand filtration is needed. 
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Why and how can the methodology be adopted to the agriculture/ horticulture?  

In comparison with other desalination technologies CD has the benefits of a high water recovery, 
a small footprint and easy to operate. 
No specific measures are necessary to make the technology applicable for the horticulture. 

Brief description of regulation concerning the technology 

The discharge of concentrate is restricted by regulations in different countries. 
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3.2.3.4 Forward Osmosis (FO) 

Fulfilled criteria 

With Forward Osmosis high concentrated salt solutions can be treated and additionally a high 
concentration of brine is possible, reducing the volume of the produced waste water stream. 
Other potential advantages are the low energy demand, working at low pressure and the low 
fouling potential. 
 

Description of the technology and present use 

Forward osmosis (FO) is an osmotic process that, like reverse osmosis (RO), uses a semi-
permeable membrane to separate water from dissolved solutes. The driving force for this 
separation is an osmotic pressure gradient, that is created by a "draw" solution of high 
concentration (relative to that of the feed solution), resulting in a net flow of water through the 
membrane into the draw solution, thus effectively separating the feed water from its solutes. It 
is often used as hybrid technology, e.g. in combination with RO to further concentrate the brine 
(Figure 12). 
  

 
Figure 12. Forward Osmosis in a zero discharge hybrid concept( [3] Desalination 2015) 

 
FO applications are known in the food industries, concentrating valuable components, in water 
production, where the water extracted from the feed solutions is extracted from the draw 
solution and in energy production where the clean water extracted is used to generate hydraulic 
pressure at the draw side, which can be used to generate electric energy via turbines. 
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Why and how can the methodology be adopted to the agriculture/ horticulture?  

FO can be implemented in the horticulture to concentrate drain solutions if no recycling is 
possible.  As draw solution a concentrated nutrient solution can be used. Instead of the 
regeneration of the draw solution the solution can be used as fertilizer in the fertigation system.  
The concentrated drain still has to be further concentrated, but the volume is much smaller. 
Brief description of regulation concerning the technology 
The discharge of concentrate is restricted by regulations in different countries. 
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3.2.3.5 Modified Ion Exchange (MIX) 

Fulfilled criteria 

With MIX two concentrates of high concentration of concentrate are produced from salt waste 
water streams. The one can be reused as fertiliser and the volume of the other is relatively low 
due to the high concentration.  With a right selection of the resins and the way of regeneration 
some selectivity can be created. MIX has a low fouling potential and can be used to treat water 
with a higher biological content. 

Description of the technology and present use 

Modified Ion Exchange uses the principles of widely used Ion Exchange (IX) to remove cations 
and anions from water and produces highly concentrated solutions. This can also be used in pre-
treatment steps to separate unwanted ions like sodium and chloride. The resin can be 
regenerated with specific chemicals to become a fertilizer 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. The regenerated solution which usually contains 
nitrates or phosphates, as well as sodium or other cations, can also be further processed under 
controlled conditions after the regeneration to form salts such as struvite (see also chapter 3.10). 
  
In MIX the water passes through a bed of resin, similar to a sand filter. The resin is preloaded 
with another ion for which the resin has a lower selectivity than the ions that are desired to be 
removed from the water. In MIX we want to remove all the ions from the water so a cation and 
an anion exchanger are used, respectively preloaded with hydrogen and hydroxide, forming 
water when combined. This results in water with 99% of its salts removed, this process can be 
seen in Figure 2-6. 

 
Figure 13. The loading process of MIX, where dissolved ions are removed from water. 
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Why and how can the methodology be adopted to the agriculture/Horticulture?  

Actually MIX is the adaption of the common used Ion exchange technology to the agriculture. By 
a smart way of processing the regeneration a fertilizer is produced. 
 
The first adaptation of ion exchange for agriculture is the lowering of the sodium concentration 
in ground water with a high bicarbonate and low chloride content and recycled drain water. 
For this adaption only a cation exchange resin in the H form is used. When ground water is 
pumped through the resin, all the cations including the sodium, are absorbed onto the resin by 
exchanging them with the H ions. The H ions then neutralise the bicarbonate in the water by 
forming water and carbon dioxide. After neutralisation the water will still have a low pH due to 
the sulphate and chloride still in the water. By neutralising the solution with CaCO3 or K2CO3, 
water free of sodium is produced. In addition the water contains a nutrient that is useful for the 
crops.  
 
The EC of the water will be lowered in almost the same proportion as the ratio of HCO3 to the 
total anions in the feed water.  
 
Eg.  ECfeed = 1,4 mS/cm;  [HCO3] = 9meq/L, [SO4] = 3meq/L and [Cl] = 2meq/L 
(Bicarbonate is therefore 64% of the total anions) 
 
ECprod = 0,6 mS/cm;  [HCO3] = 1meq/L, [SO4] = 3meq/L and [Cl] = 2meq/L 
(EC is reduced by 57% ) When the solution is neutralised with a carbonate the result will be a 
[HCO3 concentration of 1 – 2 meq/L which far lower than the initial concentration of 9 meq/L. 
 
Once the resin is fully loaded with cations the flow of the water is stopped. A twostep 
regeneration process is implemented where first the Na is removed from the resin by pumping 
a KCl solution through the resin, followed by regeneration with nitric acid to obtain a nitrate 
solution containing K and some of the other cations like Ca and Mg which can be used as fertilizer. 
 
NOTE: Not all the Na can economically be removed from the resin when the KCl is pumped 
through the resin. A balance must found between the amount of Na to be removed and the cost 
of KCl used. 
 
The process was demonstrated on drain water of a 9 hectare greenhouse where the [Na] in the 
drain water was maintained at an acceptable level.  The effect was no discharge of water 
containing nitrate or phosphate. 
 
Each cycle treated 8000 L of drain water and required 25 L of KCl(25%) solution, 80 L of nitric acid 
(38%), 45 ℓ KOH (50%)  and 850 L water from the reverse osmosis unit. All 8000 L of the treated 
drain water, the nitric acid, the KOH and 450 L of the RO water were recovered while 400 L of 
the RO water was discharged as a Cl concentrate containing 50% to 70% of the sodium. Some of 
the K of the KCl gets absorbed when it is exchanged with the Na while the rest is discharged with 
the Cl concentrate.  
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The nitric acid and the KOH supplies K and NO3 to the drain water which means that the grower 
saves on an equivalent amount of KNO3 fertilizer. 
 
One cycle per day was sufficient to maintain the Na-concentration below the required 
concentration of 4 mmol/L. The duration of a cycle is 5 hours.   
 
The cost of the chemicals was €53/day and the saving on KNO3 fertilizer was €50/day. The nett 
running cost for the process is therefore €3/day plus the electrical cost to pump 8000 L. 
 
Remark: The Fraunhofer Institute has also demonstrated the use of an anion exchanger to 
remove phosphates from drain water (horticulture). The regenerated solution was further 
processed through Ephos to form fertilizer (see also 3.10). 

Brief description of regulation concerning the technology 

The discharge of concentrate is restricted by regulations in different countries. 
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3.2.3.6 Water Quality Definition 

Fulfilled criteria 

The Water Quality Definition tool is developed in the EU project AquaFit4Use [1] as part of a 
water management tool to optimize industrial water systems and decrease the water use in 
industries.  It helps to get insight in the water quality demands by a systematic approach, giving 
insight in which parameters are relevant, what are the demands related to the specific use of the 
water. This will be helpful in the design of the water system and also in the decision in what 
extend reuse is possible. 
 

Description of the technology and present use 

For the different water using industries, like paper, food, textile, chemistry  a tool was developed 
to optimize their water systems, improving the insight in the water system and make it possible 
to close the water system. This finally resulted in the software tool WestforIndustry, using 
mathematical modelling, tested in different industries, e.g. in paper mills [2] and a chemical 
plant. For the latter the more generic Water management tool developed by DHI 
Westforoptimization is used [3]. 
Important parts of the tool was the Water Quality Definition and the related Water Quality Data 
Base (Figure 14).  
 

 
Figure 14. Water quality definition 

The methodology uses a stepwise systematic approach. This starts with an inventory of the 
current situation, the existing sources and the water use. As water can contain a lot of 
components it is important to define which parameters are really relevant. For these parameters 
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it is decided, based on literature research and benchmarks what are the limits for the specific 
applications. This information is put into a data base. 
The available data for specific parameters are compared to relevant data of the sources and in 
this way it can be decided what is needed to make the source applicable for the crop. 

Why and how can the methodology be adopted to the agriculture/Horticulture?  

In horticulture a lot of information is available on water quality demands. What is missing is a 
good data base and a structured way of operating. Based at the Water Quality Definition tool a 
methodology and data base can be set up. 

Brief description of regulation concerning the technology 

No specific regulatory issues. 
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3.3 Optimizing water quality - Removal of particles  

3.3.1 Summary of bottlenecks and gaps 

An overview of the main bottlenecks and gaps in relation to the ‘Removal of particles’ from 
water, based at the outcomes of task 4.1 and described in Deliverable D 4.1 is given in Table 6. 
  
Table 6. Overview of the remaining bottlenecks regarding Optimizing water quality - removal of particles 

Bottlenecks  Explanation Specific demands  

Production of filter waste  All filtration devices produce a waste product: highly 
concentrated water (the concentrate), solid waste 
or polluted filter media. These waste products need 
to be discarded/processed according to the national 
legislation and associate costs. 

Filter systems that 
produce no or a limited 
amount of waste 

Pre-filtration requirements Some filtering devices require pre-treatment, course 
filtration. Otherwise, continuous cleaning e.g. by 
back flush will be needed due to clogging, limiting 
the filtering capacity. 

Pretreatment systems for 
preventing fouling/ 
clogging 

High costs of filtration techniques In case very fine particles need to be removed, the 
costs for filtration might be considerable. Filtration 
devices as well as pumps and consumables will 
strongly increase the total cost. As a comparison: 
the costs per m³ filtered water through 
microfiltration are estimated at 0,80€/m³ and 
0,90€/m³ in case of ultrafiltration. Filtration through 
a fast sand filter would cost around 0,2 - 0,3 €/m³1. 
However, fine filtration is often needed for 
successful disinfection and/or to avoid clogging of 
the fertigation system in the crop. 

Low cost, standardized 
(small scale) systems  

 

3.3.2 Definition of criteria for new solutions 

The most important remaining gaps for particle removal are considered: 
1. Fouling of filters 
2. Waste product remaining 

Both gaps result in high(er) processing costs. 

Ad.1 Fouling of filters (and other systems) 

The general disadvantage of most filters is that they use a filter medium, the material that retains 
the targeted particles. This filter medium can clog at some point in time, causing the performance 
to deteriorate. At that point the filter needs replacement or cleaning, usually in the form of a 
backwash operation: clean water flushes the filter for a short time with a flow opposite to the 
direction of flow used during the filtering operation. Moreover, filters can get polluted by 
bacterial growth, which is generally a problem in filtration membranes.  
The bottlenecks mentioned above cannot or only partly be solved by general measures, like good 
operating practices, cleaning and prevention and are a continuous point of attention in 
operation. 

                                                      
1 Source: Watertool: http://www.watertool.be/interface/Technieken.aspx?techniekID=6  

http://www.watertool.be/interface/Technieken.aspx?techniekID=6
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Fouling of filters is therefore a very general problem. It might be useful to look more specific to 
the fouling problems for the different applications in agriculture and in relation to the sources 
used.  

Ad 2. Waste product remaining 

In general, filtration solutions result in a waste product or stream. In most cases, this is filthy 
water originating from back flushes. In case of fast sand filters, the back-flush volume amounts 
1,5 to 5m³ per back wash treatment depending on the settings and scale of the installation. 
Water from back-flushes needs to be treated before discarding by nutrient removal and pesticide 
breakdown. Some growers choose to recollect the back-flush water in the dirty water drain silo 
sometimes after a previous sedimentation step. In case membrane filtration processes are used, 
also a concentrated fluid stream is produced. 
 
The general purpose of filters in the water installations of horticulture companies is to protect 
the reliable working of the rest of the downstream equipment, such as prevention of clogging of 
drippers by particles, make effective disinfection possible and to keep the pressure need for 
pumping low to save energy. Particle removal is also often applied as pre-treatment for other 
water treatment technologies, like membrane processes. 
 
The most general critical factors for the selection of a filter system are: 

- Water flow rate  
- removal of Total Suspended Solids (TSS) 
- Particle size distribution (PSD) 
- Temperature and pH of the water 
- Properties of the drippers for incoming water 
- Cost effectiveness 

 
Innovative technologies and methodologies for the removal of particles from different water 
sources and streams aimed to avoid clogging problems and guarantee effective disinfection in 
horticulture, should fulfil the next criteria: 

- Less vulnerable to fouling and clogging. Fouling of filters, but also fouling/ clogging of other 
treatment technologies reduce capacity and make technologies more labour intensive, resulting 
also in higher costs. 

- No or limited amount of waste. Discharge of waste is expensive. An alternative solution is the 
production of a concentrate or sludge that - if necessary after treatment - can be re-used.  

- Cost effective. In general, the demanded capacity is rather low, so systems should also be 
economically feasible at small scale.  

3.3.3 Innovative solutions from other sectors 

The production of a good water quality in relation to particles is relevant for most industrial 
sectors. Filtration technology is defined as the separation of solids from a suspension in a liquid 
by means of a porous medium, screen or filter cloth, which retains the solids and allows the liquid 
to pass through. A variety of filtering technologies and aids is available that are broad applicable, 
also in agriculture, but only a few are applied in practice in the horticulture sector. However, in 
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the past years tests with a number of new technologies have been carried out in horticulture and 
therefore, these technologies are also described in the Fertigation Bible (FB), chapter 3.  
 
For this chapter also a scan of Emerging Techniques from the IPPC BREF documents was made 
on particle filtration. These BREF documents do not only describe best available technologies 
(BAT) for industrial activities, but also emerging techniques. These are novel techniques that, if 
commercially developed, could provide either a higher general level of protection of the 
environment or at least the same level of protection of the environment and higher cost savings 
than existing best available techniques. 
 
An example is the filter strategy in geothermal wells (doublets). These are also applied in 
horticulture settings, that is greenhouses using geothermal energy, but have not been 
considered yet in the FB. Volumes and water temperature are much higher than used in the 
supply of irrigation water. The filters in these geothermal setting are designed to operate under 
in critical operating conditions, which water with a high salt concentration and temperature 
often containing residues of mineral oils. The current geothermal doublets in the Netherlands 
have total water flow rates of 90 to 240 m3/h. Main challenges for filtration and parameters in 
these geothermal doublets are to ensure that the planned lifetime of an injection well (normally 
25-30 years) is reached with a minimal filtration effort and therefore costs. In the geothermal 
doublets, mainly bag filters and cartridge filters (high flow or conventional) are used. Sometimes, 
automatic filter are used. In geothermal doublet, cascades configurations are applied with course 
screens (40 μm or 200 μm), bag filters (10 μm), (high flow) cartridge filters (10 μm) and 
sometimes automatic filter (25 μm) and even oil filter cartridge filter (2 μm). These latter are not 
required in regular horticulture operation.  

Reference:  

TNO report TNO 2013 R11739 | 1 Filtration in the surface installation of a geothermal doublet: 
from practice to better practice to best practice 31 March 2014 Author(s) Robin van Leerdam, 
Wilfred Appelman. 
 
Table 7. Overview of the innovative technologies solutions from other sectors related to Optimizing water quality - removal of 
particles 

Innovative technologies 
for optimize water quality 

Effect on Gaps  

Flotation using air Density of particles is artificially decreased with air bubbles to 
allow particles to float. Eliminates need for filter media  

Ultrasonic particle filters Interesting for harvesting or removal of particles or cells with 
an almost neutral buoyancy with respect to the surrounding 
liquid. Eliminates need for filter media 

Ratchet technology Arrays of obstacles split the fluid up and displace particles of 
critical size. Eliminates need for filter media 

Using Natural fibres (EU 
DEMYBE - ADFIMAX project) 

Replacement for Kieselguhr, current filtration in beverage 
processing.  Waste stream (filter material) is biodegradable 

Filtration Sieves Metal filter fabric which is re-useable. Costs of filter media 

 

http://eippcb.jrc.ec.europa.eu/reference/
https://cordis.europa.eu/result/rcn/58323_en.html
https://cordis.europa.eu/result/rcn/165751_en.html
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3.3.3.1 Technology Dissolved Air Flotation (DAF) 

Fulfilled criteria 

Dissolved air flotation addresses in particular the criteria of elimination of need for filter media 
while it is producing a sludge residue. The technology is mature and used in a variety of sectors. 
Dissolved air flotation is, however, itself a process which requires more hardware (costs) and 
operational costs than most common filtration equipment. For example the VITO EMIS database 
refers to two case studies: 

- Case study 1: volume 70 m³/hour, DAF installation with pipe flocculator, poly electrolyte-
creation unit and dosage pump and sludge pump: € 105.000 investment cost 

- Case study 2: volume 30 m³/day, DAF installation with dosage pumps, measurement and 
regulation equipment, sludge tank and controllers:  € 73.600 investment cost 

Description of the technology and present use 

The aim of flotation is to remove oils, fats, suspended matter and particles from wastewater. 
Flotation can be used as a pre-treatment in purification processes for biological purification, for 
example, but is often also used as the only step in the purification process. See also Figure 15. 
 

 

Figure 15. Process diagram of flotation using air (DAF) [1] 

A common flotation operation process is referred to as dissolved air flotation (DAF). Air is 
dissolved in water under pressure (5-7 bar). When water saturated with air is released into the 
floatation unit, small bells (20-100 µm) are formed which interact with floccule-shaped particles. 
This causes the total density to become less than that of the water, whereby the particles float 
to the surface.  
 
Coagulants and/or flocculants are generally added prior to flotation in order to enhance the 
flotation effect. This converts smaller particles into larger particles with better floating 
properties. A DAF unit features a scraper at the top, which scrapes away the floating layer. This 
thickened and scraped floating layer is disposed in a tray or container that is located next to the 
flotation unit. The sludge can be further thickened and/or diluted [VITO EMIS]. 
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Why and how can the methodology be adopted to the agriculture/ horticulture? 

In horticulture the technology is not used yet in practice. Actually, the system does not need 
specific adaptation for application in horticulture. The scale of the current systems and costs can 
be a problem as the volume to be treated in fertigation is in general small. 

Brief description of regulation concerning the technology: 

There are no specific regulations concerning the use of flotation processes besides the 
restrictions in discharging the sludge residue. Volatile components may be possible emitted into 
the air (strip gases: H2S, NH3). This could cause odour problems. 

References 

[1]. https://emis.vito.be/en/techniekfiche/flotation-using-air 
 
  
  

https://emis.vito.be/en/techniekfiche/flotation-using-air
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3.3.3.2  Technology Deterministic ratchets 

Fulfilled criteria 

Ratchet particle filters addresses in particular the criteria of eliminating the need for filter media. 

Description of the technology and present use 

Deterministic ratchets are separation devices that employ periodic arrays of obstacles. The 
obstacles split the fluid up into a discrete number of flow lanes and displace particles of critical 
size at each obstacle row. Most important advantage of this technology is that gap sizes between 
obstacles are larger than the particle size, inherently avoiding accumulation of particles, which is 
in contrast to regular filtration (Figure 16 ).  
 

 
Figure 16. Ratchet module. [3] 

Why and how can the methodology be adopted to the agriculture/ horticulture? 

Deterministic ratchets are at this moment in an early research stage and evaluated for 
continuous separation and fractionation devices for suspension since they have high separation 
and fractionation efficiencies. Scale up would involve the translation for the current analytical 
purposes to larger-scale applications. In horticulture the technology is not used yet in practice. 

Brief description of regulation concerning the technology 

There are no specific regulations concerning the use of ratchets, besides possibly restrictions in 
discharging the concentrate. 

References 

[2]. https://www.rvo.nl/subsidies-regelingen/projecten/deterministic-ratchet-technology-
high-throughput-separation-dilute-suspensions 

[3]. Deterministic Ratchets for Particle Separation Fabricated With Si MEMS Technology Hoa 
T.M. Phama, T. Kulrattanarakb, R.G.M. van der Smanb, C.G.P.H. Schroenb, R.M. Boomb, 
P.M. Sarro Procedia Chemistry 1 (2009) 345–348 

[4]. Y.S. Lubbersen a, b, M.A.I. Schutyser b, R.M. Boom, Suspension separation with 
deterministic ratchets at moderate Reynolds numbers Chemical Engineering Science 
Volume 73, 7 May 2012, Pages 314-320 

  

https://www.rvo.nl/subsidies-regelingen/projecten/deterministic-ratchet-technology-high-throughput-separation-dilute-suspensions
https://www.rvo.nl/subsidies-regelingen/projecten/deterministic-ratchet-technology-high-throughput-separation-dilute-suspensions
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3.3.3.3 Technology filtration sieves 

Fulfilled criteria 

Filtration sieves address in particular the criteria of reduce need for costs of replacement of filter 
media with reusable filtration media. 

Description of the technology and present use 

A filtration sieve is primarily used for liquid / solid and solid / gas filtration with application in 
separation within the water, chemical, algae, petrochemical, oil, gas, pharmaceutical, food, and 
a wide range of other process industries. It has a significant influence on efficiency of production 
process and quality of final products. The precision filtration sieves (screens) can be re-used over 
many batches (Figure 17). 
 

 
Figure 17. Filtration sieves with different pore sizes, Veco. [3] 

Why and how can the methodology be adopted to the agriculture/ horticulture? 

In horticulture the technology is not used yet in practice. As it is possible to make sieves with 
specific pore sizes, adaptation to a specific situation is possible. It is also possible to use a series 
of sieves after each other, preventing clogging by particles with (almost) the same size as the 
pores of the sieve. 

Brief description of regulation concerning the technology 

There are no specific regulations concerning the use of filtration sieves, besides possibly 
restrictions in discharging the filtration residues 

References 

[1]. Veco Product information - https://www.vecoprecision.com/precision-
products/filtration-sieves 

  

https://www.vecoprecision.com/precision-products/filtration-sieves
https://www.vecoprecision.com/precision-products/filtration-sieves
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3.3.3.4 Ultrasonic particle filters   

Fulfilled criteria 

Ultrasonic particle filters address in particular the criteria of eliminating the need for filter media. 

Description of the technology and present use 

Sound is able to induce movement to structures. It is also possible to move suspended particles 
in water in the direction of propagation by means of sound. In order to fix the particle, we need 
a sound wave from the opposite direction with the same magnitude and frequency, thus creating 
a fixed wave pattern, which is called a standing wave. Standing waves can lead to high acoustic 
pressure and are thus able to hold the particles in place, even when the water is flowing. In this 
way a filter using only sound can be constructed. 
 
The principle of acoustic separation has already been investigated by various studies and is in 
use in commercially available acoustic (still small scale) separators for fluid suspensions, like the 
BioSep from Applikon (Metrohm-Applikon B.V., Schiedam, The Netherlands). which is capable of 
processing up to 1000 L/day. Using high frequency resonant ultrasonic waves to separate cells 
instead of a physical mesh or membrane, it is claimed to offer the benefits of traditional devices 
but without their inherent problems and limitations. The BioSep, based on the technology of 
acoustic resonance, is a non-fouling / non-clogging retention system (Figure 18). [3] 
  

 
Figure 18. Typical configuration of acoustic cell retention system (copyright Applikon) 
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The aim of a Dutch PhD study [2] was to design an efficient acoustic water filter. The design was 
made with advanced computer models, while each design step was verified with experiments. 
The final design is a small rectangular glass container (7 x 2 x 3 cm). Testing proved that the 
system was able to separate suspended starch from water with an efficiency of 54% using 1 kWh 
of electrical energy per cubic meter of water. This efficiency needs to increase further for feasible 
industrial applications. Direct market opportunities are related to the possibility to separate to 
particle size in water or air. An array of these systems can be designed in order to treat large 
water flows, which is common practice in water treatment. 

Why and how can the methodology be adopted to the agriculture/ horticulture? 

Large scale applications (>1000 L/day) have remained out of sight for a number of reasons. In 
the PhD work of Cappon a number of issues are identified to be addressed and solved before the 
technology can be applied [2]: 

1. Energy consumption - generating a standing wave at high ultrasonic frequencies 
2. resulting in significant heat loss; 
3. Investment cost - the acoustic properties of the system are at best when its components 

are manufactured with high precision of fractions of wavelengths, which is comparable 
to fractions of mm; 

4. Advanced process control - control is needed to save energy, while maintaining system’s 
performance, as minor changes to the circumstances (temperature, flow rate, particle 
properties, concentration) affect the separation. 

In horticulture the technology is not used yet in practice.  

Brief description of regulation concerning the technology 

There are no specific regulations concerning the use of utrasonic particle removal, besides the 
restrictions in discharging the concentrate. 

References: 

[1]. https://www.wur.nl/en/show/Ultrasonic-filtration-of-water.htm 
[2]. H. Cappon, PhD Thesis, 2012, Numerical and experimental design of ultrasonic particle 

filters for water treatmenthttp://edepot.wur.nl/291427 
[3]. https://www.applikon-biotechnology.com/en/products/perfusion/biosep/ 
  

https://www.wur.nl/en/show/Ultrasonic-filtration-of-water.htm
https://www.applikon-biotechnology.com/en/products/perfusion/biosep/
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3.3.3.5 Photocatalytic membranes 

Fulfilled criteria 

Photocatalytic membranes address the issue of fouling of filters (and other systems).  

Description of the technology and present use 

Photocatalytic filters and membranes have shown potential for use in energy-efficient water 
purification and wastewater treatment since they combine the physical separation of membrane 
filtration, and the organic degradation and anti-bacterial property achieved by photocatalysis in 
a single unit. Titanium dioxide (TiO2) is one of the most commonly used materials for this and 
used for fabrication of photocatalytic membranes due to its low cost, non-toxicity and high 
chemical stability (Figure 19). 
 
Advantages of using an oxidation process combined with filtration are: 

- fouling of filter can be controlled due to the continuous formation of reactive oxygen 
species through the light and TiO2 

- performance (fluxes) during filtration can be kept constant due to the self-cleaning effect 
and need for maintenance, cleaning chemicals or replacement of membranes is reduced.  

 
Figure 19. Principle of a self-cleaning filter membranes that can be cleaned by light due to a photocatalytic TiO2 layer (copyright 

Metal Membranes) 

Why and how can the methodology be adopted to the agriculture/ horticulture? 

At this moment the technology of a photocatalytic filters and membranes combined are studied 
at different universities and research institutes. Also, companies are working to get the 
technology applied. An example is the Dutch company Metal Membranes which is aiming to 
develop a photocatalytic filtration system.  

Brief description of regulation concerning the technology 

There are no specific regulations concerning the use of photocatalytic filters, besides the 
restrictions in discharging the concentrate. 
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3.3.3.6 Using natural fibres for filter aids  

Fulfilled criteria 

Addresses in particular the criteria to eliminate the disposal issues and costs for the removal of 
filter media. 

Description of the technology and present use 

The ADFIMAX (Demonstration of innovative filter aid technology to reduce undesirable 
substances (pesticides and mycotoxins) in beverages such as wine and beer) technology is 
based on a so called Active Vegetable Fiber (AVF) with high adsorption capacity. Using the 
ADFIMAX product as a filter media is the most effective way to valorize the specific adsorption 
activity of AVF. The ADFIMAX product can be processed into a filter sheet to be used as filter 
sheet in filtration.  

Why and how can the methodology be adopted to the agriculture/ horticulture 

In horticulture the technology is not used yet in practice. The technology is tested in large scale 
industrial filtrations that were performed in commercial wineries. In each of these filtrations 
significant reduction of undesirable substances was achieved. No impact on chemical 
parameter of the wine was observed in the final tank. No taste impact was detected 15 days 
after filtration. 

Brief description of regulation concerning the technology 

There are no specific regulations concerning the use of the technology for horticulture, besides 
the restrictions in discharging the concentrate. The regulations that were addressed in the 
ADFIMAX mainly apply to use the filtered product for human consumption and to and certifie 
that the product is food grade. 

References: 

[1] https://cordis.europa.eu/result/rcn/165751_en.html 
  

https://cordis.europa.eu/result/rcn/165751_en.html
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3.4 Optimizing water quality: Removal of algae  

3.4.1 Summary of bottlenecks and gaps 

Most commercial greenhouse and nursery operations have surface ponds or reservoirs as 
irrigation water source. The water collected in these ponds or reservoirs often comes from 
precipitation or runoff from the facilities. This water can provide a suitable habitat for algae. 
When water temperatures increase in late spring, algal populations can become large enough to 
clog irrigation systems and control often becomes necessary. Because growers are increasingly 
struggling with water scarcity, keeping algae growth under control is all the more important. Only 
in this way, the available water can be used to the maximum. 
 
A first step in controlling algae growth is monitoring and identifying the algae. There are various 
techniques available on the market to map this out. However, its use has not yet been widely 
applied, which means that the demonstration of these techniques is absolutely necessary for 
growers. 
 
Chemicals are currently applied to prevent algae blooms. Chemical control has not been actively 
pursued because of the general feeling that it will be difficult and perhaps impossible to find an 
environmentally acceptable chemical that would target a particular algae species but not cause 
damage or mortality of the other organisms or the cultivated plants. 
 
For small to large water storage systems, water covers and ultrasonic devices might be an option. 
Ultrasonic devices are only effective for a limited depth and at high algae numbers. Plastic water 
covers have the disadvantages that birds are still able to land on the surface and contaminate 
the water. For both systems, the financial cost must be taken into account.  
 
An alternative strategy is a biological approach of algal bloom. There are a variety of organisms 
that could, theoretically, be used to control algal bloom, but biological control has many logistical 
problems and is far from the application stage. Additional experimental studies would be 
necessary. In assessing the practical use of such antagonists for control of algal bloom, aspects 
such as frequency and timing of application, mode of application (formulation and method of 
dispersal) are all important. 
 
Biological control of algae blooms might have benefits both for long term prevention of algae 
and also for algae control in very large water storages. All of them however pose still some 
questions. Therefore, there is a need for alternative controlling options that have a long-term 
effect. 
 
An overview of the main bottlenecks and gaps in relation to removal of algae, based at the 
outcomes of task 4.1, described in Deliverable D 4.1 is given in (Table 9). 
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Table 8. Overview of the remaining bottlenecks regarding Optimizing water quality - Removal of algae 

Bottlenecks  Explanation Specific demands  

Use of tools for monitoring 
and identifying algae 

Tools are commercially 
available but not commonly 
used by growers 

Demonstration of available 
techniques 

Commercially available tools 
are too costly and/or 
insufficient know or reliable 

Coverings are effective but too 
costly. The experiences of 
ultrasonic devices vary 
between growers 

Affordable alternatives that can be 
widely used 

Need for alternative tools 
for long term algae control 

Commonly used techniques 
are often insufficient to control 
algae sustainable, 
environmental friendly and 
economically feasible 

Investigation for new possibilities 
to control algae on a long term. 
Literature describes bacterial 
control of algae in laboratory or 
small scale trials. Experiments and 
demonstrations to evaluate the 
efficiency of bacteria on a large 
scale are needed. 

3.4.2 Definition of criteria for new solutions 

To achieve a sustainable control of algal blooms, potential solutions must fulfil the following 
criteria: 

 Effective for a wide range of algae species 

 Sustainable on a long term, no temporary effect 

 Total costs (investment, maintenance) per m³ stored and applied water is acceptable  

 Safe water for both humans and plants (not phytotoxic)  

 Environmental friendly  

3.4.3 Innovative solutions from other sectors 

Algal bloom is a major problem in lakes, coastal areas and freshwater environments. By 
eutrophication, the nutrient balance can change drastically in lakes and coastal areas so that 
certain algae can take over. Due to this algal bloom, ecological diversity decreases, fishing is 
hindered, a lake loses its recreational character, algae-produced toxins can damage human 
health. To limit these economic losses, researchers have been working for years on alternative 
solutions than a chemical approach. These alternatives are shown in the (Table 9) and evaluated 
for their usefulness in horticulture. 
 
 

Table 9. Overview of innovative solutions from other sectors 

Existing technologies   Gaps solved 
Micro-organisms Extensive research that shows effectiveness of microorganisms  

Flocculation techniques 
Neutralize existing and growing algae growth (preventive and 
curative approach).  

Immobilizing nutrients Expected to have a long term effect. 
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Tools for monitoring and identifying algae are commercially available. Demonstration of these 
technologies will stimulate the use of it by growers.  

3.4.3.1 Micro-organisms for biocontrol 

Fulfilled Criteria 

The use of micro-organisms as biocontrol of algae fully fits within a sustainable Integrated Pest 
Management (IPM) strategy. Chapter 5 of the Fertigation Bible already mentioned the 
experiences with micro-organisms to control algae. However, the effectivity for a wide range of 
algae species, the sustainability on a long term and the safety for humans and plants will be 
points of interest that determine the potential of microorganisms. Long-term experiments will 
be necessary for this purpose. 

Description of the technology and present use 

Several micro-organisms have already proven their potential as an algicidal agent in lake 
restoration. Viruses, bacteria, fungi, protozoa and actinomycetes were examined (Sigee et al., 
1999). Different modes of actions are distinguished: 

o Micro-organism producing lytic agents (mainly fungi, bacteria and 
actinomycetes (Mohamed et al., 2014)) 

o Growth inhibition due to the production of allelochemicals (mainly bacteria) 
o Predation (mainly protozoa) 
o Competition for nutrients (mainly bacteria) 
o Bioflocculation (mainly fungi and bacteria) 

 

Why and how can it be adopted in agriculture/horticulture? 

Not every micro-organism has the same potential to be used successfully: 

Viruses: The high degree of host specificity, occurrence of resistant host mutants and effect of 
environmental factors all contribute to the complexity and unpredictability of 
cyanobacterial/phage interactions in the field. Difficulties involved with producing large amounts 
of active inoculum also results in problems of an effective use of cyanophages as biocontrol 
agents in horticulture (Braband et al., 1983).  

Bacteria: Only a few bacteria species have potential to guarantee a successful implementation 
in a broad range of physical variable environments. Often the capacity and ability to multiply and 
survive is the bottleneck for successful implementation. 

Fungi: Production on large scale of the fungi and the necessary close contact for lytic operation, 
make fungi not always equally successful. 

Protozoa: The effectiveness of protozoa as biocontrol agents will depend upon a number of 
factors,  including protozoan growth and grazing rates, predation specificity, cyanobacterial 
growth rates and predation rates by higher organisms such as copepods on the protozoa 
(Braband et al., 1983). 
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The advantage of biological control is that it can be highly specific to the target organism, with 
no destruction of other organisms. Potential disadvantages include limited destruction of the 
target organism, limited survival of the agent or its removal by other organisms and problems 
with large-scale production, storage and application of the biocontrol agent (Braband et al., 
1983). In general micro-organism with lytic activity or predation capacity have a short-term effect 
to reduce algal population. This is in contrast to micro-organisms that compete for nutrients and 
therefore have a long-term effect. 
 
The most promising technique at this moment is the use of microbial aggregates. These are 
complex microbial consortia of algae, bacteria, protozoa, metazoan, epiphytes and detritus. It is 
commonly attached to the submerged surfaces in most aquatic ecosystems (Azim et al., 2005). 
A periphyton is a type of microbial aggregate (Wu et al., 2011). The function of periphyton is 
regulating nutrients (especially nitrogen and phosphorus). It can indirectly control algal bloom 
since nitrogen and phosphorus are necessary for periphyton and algal growth (Wu et al., 2014). 
These microbial aggregates are not only capable of decreasing levels of total Nitrogen (TN), total 
Phosphorus (TP), and ammonia in water, but can also decrease the number of algae in water via 
allelopathy . This technique therefore has both an effect on the short term (allelopathic effect) 
and on the long term (removal of nutrients). Despite the promising results in other sectors (Cui 
et al., 2017; Wu et al., 2010,2011), the application of this technique in horticulture will first have 
to be proven before it gets implemented. 

Brief description of regulation concerning the technology 

Regulation (EU) No 528/2012 of the European Parliament and of the Council of 22 May 2012 
concerning the making available on the market and use of biocidal products Text with EEA 
relevance. 
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3.4.3.2 Flocculation techniques  

Fulfilled Criteria 

This technology is able to capture and remove algae from the water. As a result, the algae 
population will no longer be able to expand but there will also be no blockages in the irrigation 
network due to algae. Thanks to this technology, a wide range of algae can be efficiently and 
sustainably controlled. 

Description of the technology and present use 

Flocculation techniques are used in lake restoration after algal bloom, treatment of algal-
contaminated waste water and harvest of algae in biomass production. Flocculation is a method 
of separating algae from the water by using specific products to force the algae to form lumps. 
These lumps will sink to the bottom or have to be removed afterwards. 
Why and how can it be adopted in agriculture/horticulture? 
We can divide three types of flocculation techniques: 

 Chemical flocculation 

Synthetic polyacrylamide polymers and metal salts such as alum and ferric chloride are used as 
chemical flocculants (Van Damme et al., 2013). Their use results in high concentrations of toxic 
acrylamide or metals in the harvested biomass. Correct processing of this waste flow is then 
necessary. There is also a risk that the metals will be absorbed by the plants through the irrigation 
water. Plant safety and human health can be negatively influenced in this way. Therefore, these 
flocculants aren’t a good sustainable strategy to control algae in horticulture. 
Flocculants based on natural biopolymers are therefore a safer alternative. Examples of natural 
biopolymers are chitosan (only effective at low pH), cationic starch (Vandamme, 2010) and poly-
γ glutamic acid (produced by Bacillus subtilis) (Zeng, 2012). Their effectiveness in horticulture 
needs to be examined. 

 Biological flocculation 

A quite new technique is based on bacterial and fungal flocculation. This technique is already 
being applied to wastewater treatments and micro-algal biomass harvest. More attempts should 
be made to study the potential of fungal bio-flocculants in algal bloom control, but there are 
some problems that should be addressed before employing this promising technology for algal 
bloom control. The optimal pH values (acidic) of some reported fungal bio-flocculants is non-
existent in treating algae in horticulture (Zhou et al., 2010). Work is needed to modify (or isolate) 
fungal bio-flocculants to change their pH to values close to those of water storages. In addition, 
the effect of some other water conditions (temperatures, hydrological conditions) and speciation 
on the flocculating activities of fungal bio-flocculants should be considered and studied for 
practical algal bloom control processes (Sun et al., 2018). 
Flocculation has potential in controlling algal bloom because the species-specific bio-flocculants 
pose little risk to other aquatic organisms. Similar to chemical flocculants, bio-flocculants cause 
the settlement of algal cells to the bottom of the water. This method can rapidly decrease algal 
cell density in overlying waters, however, it cannot thoroughly control harmful algal blooms, 
since it has no effect on killing algal cells, implying that there is a possibility of a second algal 



Transfer of INNOvative techniques for 
  sustainable Water use in FERtigated crops 

 
 

This project has received funding from the European Union’s Horizon 2020 research and 
innovation programme under grant agreement No 689687 

65 

bloom after flocculation (Sun et al., 2015). Thus, bio-flocculation is only an emergency measure 
that can be used to assist algal bloom control when the algae pressure is too high.  

• Physical flocculation methods 

In algal biomass production, industry is constantly looking for new possibilities to harvest algae 
without contaminants. Inducing flocculation by applying only physical forces would be ideal. For 
instance, flocculation of microalgae can be accomplished by applying a field of standing 
ultrasound waves. Although this method works well in the laboratory, it is difficult to apply on 
larger scales (Bosma, 2013). In electrocoagulation-flocculation, flocculation is induced through 
electrolytic release of metal ions from a sacrificial anode (Vandamme, 2011). Similar to 
flocculation by metal salts, electrocoagulation flocculation results in contamination of the 
biomass with metals, albeit to a lesser extent than when metal coagulants are directly used. The 
economically feasibility has to be investigated.  
 
Recently, several studies have explored the use of magnetic nanoparticles to harvest microalgae. 
Magnetite (Fe2O3) nanoparticles may adsorb directly on the micro algal cells, upon which the 
cells can be separated from the medium by applying a magnetic field. This method thus combines 
flocculation and separation in a single process step (Cerff, 2012). Magnetite nanoparticles seem 
to adsorb more easily on some micro algal species than on others (Xu, 2011). 

Brief description of regulation concerning the technology 

Judgment of the Court (Third Chamber) of 1 March 2012. Söll GmbH v Tetra GmbH. Reference 
for a preliminary ruling: Landgericht Hamburg - Germany.  
Placing on the market of biocidal products - Directive 98/8/EC - Article 2(1)(a) - Concept of 
‘biocidal products’ - Product causing flocculation of harmful organisms without destroying or 
deterring them or rendering them harmless. Case C-420/10. 

References for more information 

[1]. Bosma R., Ultrasound, a new separation technique to harvest microalgae, J. Appl. 
Phycol., Vol. 15, 2003, 143-153 

[2]. Van Damme Dries, Foubert Imogen, Muylaert Koenraad. 2013. Flocculation as a low-
cost method for harvesting microalgae for bulk biomass production. Trends in 
Biotechnology; Oxford Vol. 31, Iss. 4,  233-239. 

[3]. Vandamme, Evaluation of electro-coagulation-flocculation for harvesting marine and 
freshwater microalgae, Biotechnol. Bioeng., Vol. 108, 2011, 2320-2329 

[4]. Vandamme D., Flocculation of microalgae using cationic starch, J. Appl. Phycol., Vol. 22, 
2010, 525-530 

[5]. Sun, P., Hui, C., Bai, N., Yang, S., Wan, L., Zhang, Q., Zhao, Y.H., 2015. Revealing the 
characteristics of a novel bioflocculant and its flocculation performance in Microcystis 
aeruginosa removal. Sci. Rep. 5, 17465. 

[6]. Sun Rui, Pengfei Sun, Jianhong Zhang, Sofia Esquivel-Elizondo, Yonghong Wu,  2018. 
Microorganisms-based methods for harmful algal blooms control: A review. Bioresource 
Technology 248, 12–20 

[7]. Zheng H., Harvesting of microalgae by flocculation with poly (γ-glutamic acid), 
Bioresour. Technol., Vol. 112, 2012, 212-220 
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[8]. Zhou, W., Cheng, Y., Li, Y., Wan, Y., Liu, Y., Lin, X., Ruan, R., 2012. Novel fungal 
pelletization-assisted technology for algae harvesting and wastewater treatment. Appl. 
Biochem. Biotechnol. 167 (2), 214–228. 
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3.4.3.3 Immobilizing nutrients 

Fulfilled Criteria 

The immobilization of available nutrients for algae growth tackles the problem at the core. The 
essential elements nitrogen (N) and phosphorus (P) are no longer available so that a wide range 
of algae can be efficiently controlled. It will also ensure that a long-term effect is realized. 

Description of the technology and present use 

Water storages can contain significant amounts of nitrogen and phosphorus. This is the result of 
mixing with nutrient-rich groundwater or exemption from sediment. Elevated nutrient loading is 
one of the major causes of algae bloom (Sun  et al., 2018). The removal of nutrients is therefore 
a very efficient technique to control algal bloom well founded. In lake restoration both chemical 
and biological means / techniques are applied. 

Why and how can it be adopted in agriculture/horticulture? 

Sediment nutrient inactivation through P binding agents is one of the most common 
management strategies used to prevent potential P release to lake water (Pallí  et al., 2015). Al-
, Ca- and Fe-based compounds and a modified lanthanum-based clay material called Phoslock 
are among the products that can be used to chemically bind P permanently in sediment (Xu et 
al., 2011; Wang et al., 2016). In the conventional coagulation and filtration of drinking water 
treatment process, Al and Fe coagulants are used to remove suspended solids from raw water, 
which results in the produced drinking water containing high concentrations of Al and Fe. Its 
application in horticulture may imply that irrigation water can contain large quantities of these 
by-products. Possibly these by-products can first be removed by physical processes before this 
water is used. Still plant safety and human health must be taken into account. 
Nutrients can also be immobilized by biological based agents. Experiences with these products, 
are variable. The product ‘Lake Relief’ was not able to reduce algal growth statistically on 
laboratory scale (Schmack et al., 2012). On the other hand, there are also positive developments, 
especially when using periphytons (see 3.4.3.1). 

Brief description of regulation concerning the technology 

The compounds use to immobilize the nutrient are often classified as chemicals, so application 
of these products has to be registered: 
Regulation (EC) No 1907/2006 of the European Parliament and of the Council of 18 December 
2006 concerning the Registration, Evaluation, Authorisation and Restriction of Chemicals 
(REACH), establishing a European Chemicals Agency, amending Directive 1999/45/EC and 
repealing Council Regulation (EEC) No 793/93 and Commission Regulation (EC) No 1488/94 as 
well as Council Directive 76/769/EEC and Commission Directives 91/155/EEC, 93/67/EEC, 
93/105/EC and 2000/21/EC. 
  



Transfer of INNOvative techniques for 
  sustainable Water use in FERtigated crops 

 
 

This project has received funding from the European Union’s Horizon 2020 research and 
innovation programme under grant agreement No 689687 

68 

References  

[1]. Pallí Natàlia Blázquez, 2015. A comparison of two methods to reduce internal 
phosphorus cycling in lakes: Aluminium versus Phoslock. Department of Aquatic 
Sciences and Assessment . Master thesis- Second cycle, A2E 

[2]. Schmack, M. ; Chambers, J. ; Dallas, S. 2012.  Evaluation of   bacterial algal control agent 
in tank based experiments Water Research, Vol.46(7), pp.2435-2444 

[3]. Sun Rui, Pengfei Sun, Jianhong Zhang, Sofia Esquivel-Elizondo, Yonghong Wu,  2018. 
Microorganisms-based methods for harmful algal blooms control: A review. Bioresource 
Technology 248, 12–20 

[4]. Xu L., A simple and rapid harvesting method for microalgae by in situ magnetic 
separation, Bioresour. Technol., Vol. 102, 2011, 10047-10051 

[5]. Wang Changhui, Leilei Bai, He-Long Jiang, Huacheng Xu 2016. Algal bloom 
sedimentation induces variable control of lake eutrophication by phosphorus 
inactivating agents. Science of the Total Environment 557–558, 479–488 

 
 
  
  



Transfer of INNOvative techniques for 
  sustainable Water use in FERtigated crops 

 
 

This project has received funding from the European Union’s Horizon 2020 research and 
innovation programme under grant agreement No 689687 

69 

3.5 Optimizing phytosanitary quality of water  

3.5.1 Summary of bottlenecks and gaps 

 
Table 10 gives an overview of the main bottlenecks and gaps which may occur when treating 
water in order to achieve an optimal phytosanitary quality. 
 
Table 10. Overview of the bottlenecks in realizing an optimal phytosanitary water quality 

Bottleneck Description Specific demands 
Toxicity of by-
products or of 
oxidants 
themselves – 
product safety and 
environmental 
risks 

Regulation on chemical compounds may hinder the 
use of some oxidants in some countries, such as 
chlorine and its by-product chlorate. Chemical 
oxidants are regulated by the Biocidal Products 
Regulations (BPR) EU 528/2012, which regulates the 
availability on the market and the use of biocidal 
products. Regulations may also require continuous 
monitoring of oxidants in the effluence. Furthermore, 
chemical oxidants must adhere to set maximum 
residue levels (MRLs) in open water, that must be 
guarded and monitored 

Technologies/products with 
no or very low risks for the 
crop, the users, people 
working/living in the 
immediate vicinity and 
environment 

Used (toxic) 
products affect 
other equipment 

Using highly corrosive products, such as chlorine or 
created by-products such as chlorate, could affect not 
only the dosing equipment, but also the equipment 
further along in the facility (feeding tubes, gutters, and 
so forth). This requires more expensive materials to be 
installed. A balance is to be found between cheap 
products and the relatively expensive materials 
required to handle these products. 

1. Non/less corrosive 
products  
2. Materials less or not 
sensitive to corrosion and 
preferably not sensitive to 
the formation of biofilm 

Toxicity of by-
products or of 
oxidants 
themselves – 
workers safety 

Some chemical compounds are highly toxic for 
workers when inhaled or put in contact with. Hence, 
the use of such chemical compounds may be hindered 
by such a level toxicity. Next to that, regulations may 
also apply for toxic products. The economic benefits 
seem to outweigh the possible hazards 

Technologies/products with 
no or very low risks for the 
users and people 
working/living in the 
immediate vicinity 

Water containing 
high 
concentrations of 
dissolved organic 
matter 

Action of oxidative compounds on organic matter may 
produce very toxic compounds like nitrosamides. 
Hence, those technologies alone are not well adapted 
to treat this type of water. Combinations with pre-
filtration or pre-treated water which reduce the 
organic matter concentration prior to chemical 
disinfection could prove a usable solution. However, 
this still needs to be executed in practical applications. 

Economical feasible pre-
treatment technologies not 
reducing effectiveness and 
capacity of the treatment 
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Bottleneck Description Specific demands 
Physical and 
chemical 
disinfections 

The available technologies are expensive and 
require high investments and maintenance costs 
due to the high level of technology. Costs may be a 
strong bottleneck for growers to implement those 
technologies. 

Simple, effective, reliable 
and economical feasible 
technologies 

Large surface 
demand/footprint 

Biological disinfection methods, like constructed 
wetlands, may not be applicable to small scale 
growers, due to the required land for the 
installation and the high costs 

High tech biological 
disinfection technologies 
with low surface demand  

(non) selectivity of 
oxidizing compounds 
used in the system 

Once in the growing systems it is (almost) 
impossible to eliminate pathogens or prevent 
dissemination before the end of the crop cycle 
because in the necessary high concentrations of 
disinfectants will damage the roots 

Smart, selective compounds 

Behaviour of 
antagonist 
microorganisms and 
biofilm 

Abiotic parameters such as temperature, light, pH, 
etc. have a strong effect on microorganism 
populations. Hence, it is essential to study the 
behaviour of antagonist microorganisms and biofilm 
formations in different situations, under different 
climates and conditions to be sure of the 
disinfection effectiveness and that the technology is 
transferable and usable in all regions 

Smart materials which 
inhibit the formation of 
biofilms 

Lack of cost-benefit 
analysis of 
disinfection 
technologies 

A part of the growers are not convinced that the 
benefits of disinfection outweigh the costs 

More knowledge about risks 
of infections but also the 
possible (financial) damage 
caused by the infection  

Lack of decision 
supporting systems 

Water treatment in horticulture is a complex issue 
as beside phytosanitary aspects also other aspects 
play an important role as there are: nutrient 
management, (removal of) pesticides, local 
circumstances, technical support etc. Also, water 
treatment technologies are still in development. 

Objective information 
should be available for 
growers to base decisions 
on. Growers should not 
depend on suppliers of 
certain technologies 

Payable, reliable and 
very specific analysis 
of the sanitary 
quality of water 

For a good risk assessment but also for a good 
determination and monitoring of the effects of the 
disinfection a payable, reliable and accurate analysis 
is desirable 

The analysis should be very 
specific as within the same 
species of microorganisms 
there are as well pathogens 
as non-pathogens 

Insight in most 
effective strategy: to 
strive for a sterile 
irrigation system or a 
diversified ecosystem 
with a balance 
between pathogens 
and beneficial micro-
organisms 

In a sterile system without competitors or natural 
enemies, pathogens can develop very easily. A 
diversified system reduces the chance pathogens 
take the upper hand. But it is not very likely that this 
can anytime prevent infection of the crop. The best 
strategy probably depends on the crop/pathogen 
combination(s) 

More fundamental research 
is needed 



Transfer of INNOvative techniques for 
  sustainable Water use in FERtigated crops 

 
 

This project has received funding from the European Union’s Horizon 2020 research and 
innovation programme under grant agreement No 689687 

71 

Some of the above mentioned bottlenecks can – partly - be solved without the development of 
new solutions.  
 
Good maintenance of irrigation equipment and monitoring of equipment operation and water 
quality can minimize the risk for the crop, the users, people working/living in the immediate 
vicinity and environment. However, the challenge remains to develop and apply technologies 
with no or less risks.  
 
With various filtration techniques water with a high concentrations of dissolved organic matter 
can be pre-treated. 
 
The most important remaining gaps for optimizing phytosanitary quality of water are: 

1. Payable, reliable, very specific and quick analysis of the sanitary quality of water 
2. Availability of more or less selective, reliable and safe technologies with on one hand a 

good disinfecting effect (and - if possible - a suppressing effect on the formation of 
biofilms) and on the other hand no negative impact on plant growth for use in the whole 
irrigation system 

3. Availability of materials for irrigation systems which are not sensitive to corrosion and 
biofilm formation and are economically viable. 

4. Well-argued cost benefit analysis of disinfection technologies 
5. (objective) Decision supporting system which takes into account all aspects of irrigation 

water (phytosanitary, nutrients, pesticides, efficacy, costs/benefits, local conditions) and 
is updated frequently with ongoing technological development. 

6. Answer to the fundamental question: ‘Should technological development focus on a very 
high or very a low (ecological balance) degree of sterility’? 

3.5.2 Definition of specific criteria for new solutions 

For horticulture new technologies to optimize phytosanitary quality of water should preferably 
fulfil these criteria: 

 Effectiveness: Broad and reliable effect on fungi, bacteria and viruses (as the general 
tendency in water treatment at the moment is to strive for an as much as possible sterile 
irrigation system) 

 Crop safety: Safe for the crop and the whole irrigation system (especially applied to 
technologies with a systemic effect), both of the technology itself as the possibly formed 
by-products. 

 Risks: no or acceptable risks for: 
o User 
o People working/living in immediate vicinity 
o Consumers  
o Environment 
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 Is integration/combination possible: Technology should not interfere with other 
necessary water treatments and not make additional water treatments necessary. On the 
contrary, it should be possible to make it part of a smart and effective combination.  

 Economic feasibility: reasonable/acceptable relation between costs and benefits  

3.5.3 Innovative solutions (from other sectors) 

A good sanitary quality of water, that is water without or containing a very low concentration of 
pathogens, is from importance in almost all fields of human life. Also for agriculture and 
horticulture relevant techniques can be applied to ensure a good sanitary quality of water. 
Examples of these technologies are for example those technologies developed for the production 
of drinking-water and in health care. 

The techniques selected and described in this chapter make it possible to eliminate plant 
pathogens in water before it enters the production systems and in water which is recycled in 
those production systems. Other techniques are selected because they probably can eliminate 
pathogens present in the production system during a crop cycle or prevent or delay the build-up 
of high concentrations of plant pathogens in for example bio films. 

In this chapter a distinction is made between: 

1. Water entering the production system, not yet supplied with nutrients and 
2. Water coming out of the production system and – after treatment - meant to be 

recycled (supplied with nutrients) 

Table 11 gives an overview of (innovative) technologies which are applied or in development in 
other sectors and which may be applicable in agriculture and horticulture. 

 
Table 11. Overview (innovative) technologies to improve/optimize optimal phyto-sanitary water quality 

Innovative technologies Effect on gaps 
Nanotechnology (possible in 
combination with biotechnology) 

1. Very specific analysis of the phyto-sanitary quality 
(identification of pathogens and/or bio films) 

2. Detection and elimination of pathogens in all water related 
parts of the production system without negative impact on 
plant growth and development 

3. Selective between mono-valent and bivalent ions 
Membrane distillation Is  used for desalination (see chapter 2.2.3.2). 

Micro-organisms retention is based on the fact that only volatile 
substances can pass the membrane, and temperature is 
temporarily relatively high (about 80°C). 

On site production of peroxide Is safer than central produced peroxide 
Innovative technologies Effect on gaps 
Big Data Important to develop knowledge that can be used to develop a 

decision supporting system  
Photocatalytic oxidation Safe application, less by-products 

Preventing biofilm formation by surface 
modification or antimicrobial coatings 

Will make disinfection more effective 
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Reverse osmosis Has no negative effects on plant growth. Is used for the removal 
of nutrients in water. Micro-organism cannot pass the RO 
membrane too. 

  

3.5.3.1 Nanotechnology 

Fulfilled criteria 

In an ideal situation/potentially the technology is effective in inactivating or even destroying 
specified microorganisms: harmful microorganisms for the plants as well as microorganisms 
responsible for the build-up of biofilms. As in this stage nanotechnology is very new and not 
broadly introduced into agriculture/horticulture it is not yet clear if the technology is safe for 
plants, users, people working/living in immediate vicinity, consumers and environment. But as 
the technology makes use of very specific genetic information one may expect that the 
technology can be very specific and selective. 

Description of the technology and present use 

Nanotechnology deals with techniques with which atoms and molecules (with a maximum size 
of 100 nm) can be observed, explored and manipulated. It is a relatively young technology and 
is expected to have a very big impact on developments in a lot of sectors. Nanotechnology is 
recognized by the European Commission as one of its six “Key Enabling Technologies” that 
contribute to sustainable competitiveness and growth in several industrial sectors (Parisi et al., 
2015). It can be used for fundamental as well as applied research. 

Nanotechnology is in development and applied in for example medicine. The technology is used 
to detect diseases - like cancer - and to cure them for example by manipulating certain genetic 
structures or to bring medication very precise to the sites where it is required.  

Other possibilities already applied or in R&D - of nanotechnology are amongst others: 

• Changing/improving materials for use in for example ICT (chip technology) 
• Filtering techniques (for the purification of water, for example to prevent 

Legionella bacteria from passing showerheads). 
• Improving efficiency of photovoltaic cells 
• Production of coatings with special properties with regard to corrosion, fouling 

and thermal insulation 
• Improvement of shelf life, taste, smell and colour in the food industry 
• Development of new and better catalysts for use in chemical applications and 

energy techniques  
• Application in environmental engineering: cleaning of soils with catalysts or 

adsorption 
• Why and how can the methodology be adopted to agriculture/horticulture? 
• Based on the description above nanotechnology will be of substantial importance 

for the sector. Possibilities one may think of and are linked to the subjects 
Fertinnowa is dealing with, are: 

• Detection (nanosensors) and control of pests and diseases (for example to 
determine and improve the phytosanitary quality of water). 
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• Nanoformulations of fertilizers (3.9.3.2) 
• Development of better pesticides 
• Water and soil purification 
• Reclamation of salt-affected soils 
• Use of coatings to prevent the formation of biofilms in irrigations systems 
• Using nanosensors for monitoring soil conditions and crop growth in order to take 

appropriate (local)  actions (precision farming) 
• Nanofiltration 

Nanotechnology is not completely new in agriculture/horticulture but in comparison with other 
sectors underdeveloped. Possible reasons for this are uncertainty about economic feasibility and 
(new) EU regulations. 

On nanotechnology based analyses techniques can be used to analyze the phytosanitary quality 
of water entering the production unit and if necessary improve it. It can also be used to detect 
and control water with regard to diseases within a production unit. 

Brief description of regulation concerning the technology 

Commission Recommendation 2011/696/EU of 18 October 2011 on the definition of 
nanomaterial, providing for the first time a clear definition of nanomaterials, applicable to future 
legislation that may describe regulations for product labelling, testing and controls. 

 Regulation (EC) No 1907/2006 of the EP and of the Council of 18 December 2006 concerning 
the registration, evaluation, authorisation and restriction of chemicals. 

 Regulation (EC) No 1272/2008 on Classification, Labelling and Packaging (CLP) of dangerous 
substances and mixtures entered into force on 20 January 2009. 

 Regulation No 178/2002: general food safety framework, based on the precautionary 
principle (no specific mention of nanomaterials). 

 Regulation No 1333/2008 on Food Additives, introducing a positive list for authorised 
substances. 

 Regulation 1169/2011: Food information to consumers (FIC), covering all foods. 

 Regulation (EU) No 528/2012 on biocide products (BPR). Approval of active substances and 
marketing authorisation of products. 
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3.5.3.2 Membrane Distillation (MD) 

Fulfilled criteria 

Membrane Distillation (MD) has been applied for water desalination, environmental waste 
clean-up, water reuse and food processing and up till now not for phytosanitary purposes. 
However, based on the characteristics of the technology (water purification by evaporation 
producing a water stream of distilled water quality and a concentrate) it is not likely that plant 
pathogens pass to the permeate. Depending on the operation temperature the pathogens 
remaining in the concentrate are likely being inactivated or destroyed.  

More research is required to determine the disinfecting effects and efficiency of MD. One of the 
questions among others is if the temperature is high enough to eliminate all hazardous 
microorganisms. 

The technology can also meet other requirements: it also makes it possible to remove salts 
(nutrients) from water before it will be discharged or optimize water quality with regard to 
nutrients (see 3.2.3.2). 

As it also separates salts/nutrient and PPPs from the water it is also of use to purify water before 
it is discharged. In principle it should be possible to use the same machine for purifying both 
incoming and the outgoing water. 

The technique is safe for the crop and the risks for users, people working/living in immediate 
vicinity, consumers and the environment are expected to be low. 

Description of the technology and present use 

The technology is described in 3.2.3.2, so for more details we refer to this chapter. 

Why and how can the methodology be adopted to agriculture/horticulture? 

The technology makes it possible to improve phytosanitary quality of water entering the 
production system before it is provided with nutrients. To use membrane distillation in recycling 
water streams is no option as it removes the nutrients. 

The membrane distillation 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. 

Brief description of regulation concerning the technology 

There are no specific regulations concerning the use of Membrane Distillation, besides the 
restrictions in discharging the concentrate. 
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3.5.3.3 On-site production of peroxide (H2O2) 

Fulfilled criteria 

The use of peroxide in horticulture becomes more and more common. So far, these applications 
are based on peroxide that is produced externally in a process with a high energy demand, 
creating a lot of waste and requiring a lot of organic dissolvent. Also, transport and handling 
repeatedly lead to incidences. A new production technology for on-site production was 
developed which lowers production costs, energy input, waste and the risks during transport and 
handling. 

Description of the technology and present use 

The mentioned technology is still in development and has to be optimized. Details about the 
production process are not yet available. Worldwide there are various initiatives to develop the 
on-site production of peroxide. The (local) treatment of water to improve sanitary quality for the 
benefit of human consumption is a very important application. 

Why and how can the methodology be adopted to agriculture/horticulture 

The on-site production of hydrogen peroxide could reduce the safety risks during transport and 
use.  

Brief description of regulation concerning the technology 

With regards to phytosanitary, the EU has a framework where chemicals used for phytosanitary 
disinfection are classified (Harmonised Classifications, European Chemicals Agency). Chemicals 
used for disinfection are listed under the Biocidal Product Regulation (BPR) EU 528/2012.  The 
list – to be found on the website of the European Chemicals Agency (ECHA) – informs about the 
status (approved/under review) of active substances as well as the intended use (for example for 
treatment of drinking water or as disinfectants and algaecide not intended for direct application 
to humans or animals).  

Possibly relevant are also regulations (maximum residue levels) concerning the by-products of 
(chemical) disinfection like chlorate and perchlorate. 

For equipment that produces substances on-site that are considered active substances also the 
systems have to be registered by the suppliers with a Letter of Access. As far as known there are 
no regulations concerning the on-site production and use of hydrogen peroxide. 
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3.5.3.4 Ultrafiltration 

Fulfilled criteria 

Ultrafiltration is safe for the crop, has no major risks and can be combined or integrated with 
other water treatment technologies.  

If the technology is effective enough depends on the situation. It only holds back fungi and 
bacteria but not all viruses. Therefor ultrafiltration is no option for crops in which certain water 
transmitted viruses can be harmful. The economic feasibility depends mainly on the incidence of 
infections without disinfection and the economic loss caused by these infections. 

Description of the technology and present use 

Ultrafiltration is a membrane filtration process which removes particles and contaminants from 
a fluid by a microporous membrane. This filtration requires a pressurised flow to operate. 
Membrane pore sizes can be as small as 0,01 μm and are sufficiently small to retain bacteria, 
fungal spores and partly also viruses. Modules can have a flow of 6 m³/h. Ultrafiltration is not 
recommended to deal with particles because the filter will soon get clogged and the automatic 
cleaning function would interrupt the filtering activity too often. A pre-filtration is therefore 
recommended with a selectivity down to 5 μm (e.g. a paper band filter). 

Why and how can the methodology be adopted to agriculture/horticulture? 

This technology is not completely new in horticulture.  

Brief description of regulation concerning the technology 

The concentrate from ultra-filtration has a high concentration of suspended matter and micro-
organisms. This can be discharged together with wastewater if discharge norms are not 
breached. Lavation after chemical cleaning contain substances like bleach and peroxide, acid and 
alkali. This can only be discharged to specific waste purification systems. 
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3.5.3.5 Big data 

Fulfilled criteria 

This technology can generate valuable information with regard to effectiveness, safety, risks, 
possibilities for integration and combination and economic feasibility. This can help growers to 
choose the – at that moment - best suitable technology/technologies.  

Therefor it can fulfil indirectly all criteria. 

Description of the technology and present use 

One speaks of ‘Big data’ when data sets are too voluminous to handle with traditional data 
management systems. The volume of data increases exponentially. More and more data are 
stored by for exempla consumers, (government) organisations, companies, social media, sensors 
and devices (internet of things). These data can be used for various objectives like marketing, 
scientific research and planning of maintenance. The increasing capacity of computers makes it 
possible to carry out complex statistical analysis in order to discover certain (not yet proven or 
even not yet presumed) interrelations. These analyses are carried out and used by for example 
commercial parties, journalists and (data) scientists. As both stored data and capacity for 
(statistical) analysis are expected to grow very fast the importance of big data will continue to 
increase significantly. 

Why and how can the methodology be adopted to agriculture/horticulture? 

The technology can be used to build a decision supporting system with regard to the technologies 
which can contribute to an optimal phytosanitary quality of water. In combination with (nano) 
sensors and new technologies to determine the phytosanitary quality of water it can help to take 
adequate measures. 

Brief description of regulation concerning the technology 

In May 2018, the new General Data Protection Regulation (GDPR) became operative. The 
objective is the protection of personal data within the European Union but also to guarantee the 
free exchange of data within the European internal market. The regulation applies worldwide for 
all companies and organisations dealing with data of natural persons within the European Union. 
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3.5.3.6 Photocatalytic oxidation (PCO) 

Fulfilled criteria 

Although this technology is still in an experimental phase it seems to fulfil all criteria. As PCO is 
non-selective it cannot be used in strategies based on biology as it would also harm beneficial 
microorganisms.  

Description of the technology and present use 

In Photocatalytic oxidation (PCO) processes, inert, non-toxic, inexpensive catalysts (such as TiO2) 
are used in combination with oxygen (from the air), water, and solar light (or another source with 
UV-A light) to generate OH radicals. The radicals have a strong oxidative effect and can purify 
water and break down germs and pesticides. In the Netherlands, TNO research, in collaboration 
with Productschap Tuinbouw, Priva, TTO, and WUR, has demonstrated that daylight-driven PCO 
can remove 99% of pathogens. 

PCO is mainly used for air and water purification but hydrogen production (through water 
splitting), environmental remediation and self-cleaning glass are also possible (Figure 5-2). 

 
Figure 20. Working Principle of Photocatalytic oxidation (http://www.airocide.co.uk/science.htm) 

Why and how can the methodology be adopted to agriculture/horticulture 

The technology can be applied to treat water coming into the production system as well as 
recirculating water/nutrient solutions. Important is the availability of UV-A radiation in 
combination with the surface of TiO2. 

Brief description of regulation concerning the technology 

On a European level, there can be issues on special measures to contain the TiO2 catalyst within 
the company and avoiding emission. Catalysts like TiO2 are unwanted in the environment. 
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3.5.3.7 Preventing biofilm by surface modification or antimicrobial coatings  

Fulfilled criteria 

These techniques are in development. It is not yet possible to do (general) statements about this. 

Description of the technology and present use 

Biofilm formation takes place when free floating microorganisms attach themselves to a surface. 
It is a serious threat for the sanitary quality of water as biofilms protect (hazardous) 
microorganisms and hinder their elimination. Biofilms are present in almost every water-based 
system. Especially in the medical sector biofilm formation and prevention has a high priority (for 
example in catheters and dialysis water treatment systems). 

Besides the use of chemicals, one of the possible effective strategies is to develop materials 
which hinder or strongly reduce biofilm formation. One of the promising technique is grafting 
pDMAEMA to polyethylene and silicone rubber. As a result of this biofilm formation was reduced 
and silicone rubber had almost no biofilm present (Figure 21). 

 

 
Figure 21. Principal of surface modification 

Why and how can the methodology be adopted to agriculture/horticulture 

Biofilms can be present in all parts of agricultural and horticultural production system which have 
contact with water and the undermine the effectiveness of disinfection possibly creating a 
permanent infection. Application of modified surfaces or surfaces protected by coatings would 
be very helpful to maintain a good sanitary quality of the system. More information can be found 
in section 3.6.3.2. 
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Brief description of regulation concerning the technology 

• REACH. Registration, Evaluation, Authorisation and Restriction of Chemicals. 
• Commission Regulation (EU) No 10/2011 of 14 January 2011 on plastic materials and 

articles intended to come into contact with food Text with EEA relevance 
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3.5.3.8 High Pressure Sterilisation 

Fulfilled criteria 

As this technique is still in development it is not yet possible to do (general) statements about 
this. As it is a non-selective technique it cannot be used in strategies based on biology as it would 
also harm beneficial microorganisms. 

Description of the technology and present use 

The sterilisation – including the inactivation of bacteria spores -  is done by exposing solids or 
liquids to very high pressures (about 1,000 MPa) and high temperatures (80°C). Under these 
circumstances the cell walls, cell membranes and the membranes around the cell nucleus are 
damaged. The technology is mainly in development in the food processing industry. 

Why and how can the methodology be adopted to agriculture/horticulture? 

Technically it can be applied to treat water coming into the production system as well as 
recirculating water/nutrient solutions.  

Brief description of regulation concerning the technology 

As far as known not specified. Taking into account the high pressures one may expect regulations 
concerning safety for user, people working/living in immediate vicinity are obvious. 
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3.6 Fertigation management - Irrigation equipment   

3.6.1 Summary of bottlenecks and gaps 

This is an overview of the main bottlenecks and gaps in relation to the availability of irrigation 
equipment suited to overcome major bottlenecks related to fertigation management. These 
bottlenecks, based at the outcomes of task 4.1 and described in deliverable 4.1, are given in Table 
12. 

 
Table 12. Overview of the gaps in irrigation equipment 

Bottleneck  Explanation Specific demands 

Costs of the systems are not 
affordable for small growers 
in many European areas 

Investments might be costly, but growers do have to 
realize that savings in water and fertilizers + higher 
efficiency could warrant safe returns, also at small scale 
farming  

Low cost versatile 
technologies, easy to 
implement and maintain 

Implementation requires 
technological knowledge for a 
proper layout and a right 
selection of materials and 
equipment 

Skills for design to obtain maximum benefits. Good 
knowledge on how local conditions (soil, climate, crops) 
determine requirements and specifications of materials 
and equipment. Automatization of processes.  

Availability of clear 
checklists and protocols 
to couple possible use 
constraints due to local 
conditions and best 
available materials and 
technologies.  

Clogging of emitters due to 
biofilm formation or 
precipitation of insoluble salts 
(iron, calcium, etc.)   

Problems with adequate performance with the 
corresponding loss of efficiency and money. 
Maintenance is critical. Filters. 

New and affordable 
designs less prone to 
clogging should be 
developed. 

Damaging effects of living 
organisms. 
 

Damage to irrigation manifolds due to insects and 
animals, or obstruction caused by plant roots.   

New materials and 
designs are needed. 

The durability of driplines and 
drip emitters. Ageing.  

Environmental factors like solar radiation, temperature, 
and pressure changes. This is also the cases of the case 
of subsurface drip irrigation this is an essential factor to 
prevent large water or nutrient losses due to 
unexpected failure of the materials used.  

New materials or 
installation methods to 
increase durability in/on 
the ground for an 
extended lifespan 

Environmental impact Most of the materials used for irrigation equipment are 
plastic derived and thus recycling processes are costly 

Biodegradation 

The bottlenecks mentioned in the table above can partly be solved by general measures like 
training, good operating practices, technological development for new materials and designs and 
prevention.  

The most important GAPS for irrigation equipment are: 

1. High cost of the system compared to traditional irrigation systems. The need of a reliable 
power supply, together with the irrigation head unit (pump, tanks, injection system, 
controller, etc..) and a well-designed irrigation layout, makes the investment risky for small 
and very small growers. Small and very small farms (standard output less than 8000 €/year) 
accounted for more than two thirds (69.1 %) of all the farms in the EU-28 (Eurostats, 2013). 
Normally a low-cost technology lacks the level of accuracy required for efficient use of water 
and nutrients but probably this is affordable in low-tech land use systems 
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2. Insufficient knowledge of the most adequate technological solutions for each case scenario. 
The right coupling of the available materials and equipment with the most efficient methods 
and strategies of irrigation defines the economic success of the investment made. Correct 
training of advisors, installers, and growers is necessary to progress for a more sustainable 
and efficient use of technologies. Close collaboration of good public extension services plus 
an industry involved with innovation and development is therefore necessary for progress.   

3. Good management of the irrigation material to avoid clogging problems. Not only the design 
of filters, pipes and emitters determines the susceptibility to clogging but also how 
maintenance is made. This is related with the previous point. 

4. Durability. More resistant materials and incorporation of products in the manufacturing 
process of irrigation materials to avoid or slow down the damaging effects of living 
organisms, and ageing. Besides, and especially in the case of pressure compensating emitters, 
it is important to find reliable emitters which may hold for long periods (never shorter than 
the pipe life span) their pressure limits thresholds within manufacturing range. Probably this 
would imply the use of materials with a shorter operational lifespan, and thus cheaper.  

5. Environmentally friendly. The adoption of short lifespan materials implies them to be 
biodegradable. This would be the case of pipes and drip emitters that could be directly 
incorporated into the soil after their life cycle would be completed 

3.6.2 Definition of specific criteria for new solutions 

Innovative technologies and methodologies of irrigation equipment should preferably fulfil these 
criteria:  

• Environmentally friendly, recyclable 
• User-friendly: Technologies should be easily adaptable for growers.  
• Economic feasibility: Technologies should be economic feasible for small and very small 

farms. Reasonable/acceptable relation between costs and benefits. Short pay-back time.  
• Reliability: During their lifespan the irrigation equipment should maintain a uniform and 

reliable flow according to pressure, water quality and topographical conditions. 

3.6.3 Innovative solutions from other sectors 
Table 13. Summary Table 

Existing technologies   Gaps solved 

Bioplastics Environment, Cost effectiveness. 

Installation protocols Environment, Cost effectiveness, longer lifespan 

Additives for plastics Better performance, biofilms 

Single use polymers Cost effectiveness 
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3.6.3.1 Biodegradable and compostable plastic materials 

Fulfilled Criteria 

Bioplastics seem a perfect technology to overcome some of the gaps described above. They 
comply with the EU willingness for a fossil-based to a bio-based economy transition.  On the 
condition that they fulfil the specific technical requirements for irrigation they could be very 
valuable to replace plastics like PVC or PE, the two basic materials used to manufacture irrigation 
equipment like pipes or drip emitters, into more friendly materials with a lower environmental 
impact. However, this is a source of discussion since energy costs of bioplastic are high compared 
to standard PE, and the use of corn as a bio polymer source could remove a huge amount of corn 
from the food industry. Besides, costs associated to standard recycling methodologies could be 
significantly reduced thanks to the biological reactions involved in the degradation of bioplastics. 
This is the case when recycling plants or nearby the farms’ site.  
 
Biodegradable broadly means that an object can be biologically broken down, while compostable 
typically specifies that such a process will result in compost, or humus. Two basic classes of 
biodegradable plastics exist:  

• Bioplastics, whose components are derived from renewable raw materials 
• Plastics made from petrochemicals containing biodegradable additives which enhance 

biodegradation. 

Compostable and biodegradable plastic materials have already been developed. Though, 
commercial use is still highly restricted in the case of irrigation equipment.  

Description of the technology and present use 

Bioplastics are used in many economy sectors like packaging, food-services, consumer 
electronics, automotive, consumer goods and household appliances. In agriculture and 
horticulture their presence is relevant in the manufacturing of plastic mulches.   
 
The family of bioplastics is divided into different groups and two different groups show some 
interest in agriculture and more specifically for irrigation materials.  

• Biobased or partly biobased, non-biodegradable plastics such as biobased PE, PP, or PET 
(so-called drop-ins) and biobased technical performance polymers such as PTT or TPC-ET. 
Commodity plastics like PE, PP and PVC can also be made from renewable resources – 
most commonly from bioethanol.  Bio-PE is already being produced on a large scale 
(200,000 tons p.a.  by Braskem, Brazil; further projects planned by Dow Chemicals). Bio-
PP and Bio-PVC are soon to follow that trend.  

• Plastics that are based on fossil resources and are biodegradable, such as PBAT. This 
group includes starch blends made of thermo-plastically modified starch and other 
biodegradable polymers as well as polyesters such as polylactic acid (PLA) or 
polyhydroxyal-kanoate (PHA). These materials have three major applications: the 
covering of greenhouses, as agricultural mulch film, and as materials that enable the 
controlled release of fertilizers. After use, starch-based films can be ploughed into soil 
and will biodegrade over time, instead of being collected and landfilled, recycled or 
burned. They should fulfil the requirements for biodegradability in soil. 
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Figure 22. Market segments and types of bioplastics depending on degradability and source (from www.european-
bioplastics.org/bioplastics/) 

Why and how can it be adopted in agriculture/horticulture? 

Biodegradable and compostable plastic materials have already been tested for irrigation 
purposes. There is a registered patent by Netafim, one of the largest irrigation equipment 
manufacturers in the world. A European Project, DRIUS, developed a whole micro-irrigation 
system which was successfully tested under real field conditions. Two compostable materials for 
drip irrigation were obtained and registered from this project: BioDripTape and BioDriLine. No 
available data on cost.  
 
A different approach might be Aquaroot. Pipes are 3D printed by injecting them into the soil 
where it expands and behaves like a sponge. The manufacturer claims this material behaves like 
a plant root when it pulls water out using capillary pressure. The honeycomb structure enables 
water to be drawn out of the ground and channels it to the plants, avoiding waste and 
overconsumption of this resource. This is still at an experimental phase and the source material 
can be compostable. No records on performance whatsoever.  

Description of regulation concerning the technology 

• Waste Framework Directive, or Directive 2008/98/EC of the European Parliament and of 
the Council of 19 November 2008 on waste and repealing certain Directives 

• A European Strategy for Plastics in a Circular Economy. Communication from the 
Commission to the European Parliament, the Council, the European Economic and Social 
Committee and the Committee of the Regions {SWD(2018) 16 final} 
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3.6.3.2 Optimisation for a better durability of subsurface irrigation systems 

Fulfilled criteria 

A different approach to reduce the environmental impact of plastics used in irrigation systems 
would be to increase their lifespan and this can be achieved in different ways. 

• Adopting better practices for installation procedures of buried pipes  
• Use of additives to improve lifespan 

Both ways fulfil some of the criteria considered in this section. They are environmentally friendly 
since they reduce the running costs associated to maintenance.  
 

Description of the technology and present use 

• Adoption of better practices for installation procedures of buried pipes. The European 
Plastics, Pipes and Fittings Association (TEPPFA) has developed a set of recommendations 
for buried pipes installations which is mostly used in civil engineering. On the report 
“Recommended practices for the design of buried pipes” information is given on the 
performance of buried pipes, when buried under different conditions. The need for such 
a study became apparent when at a European level, legislation on how to design buried 
pipelines became demanding. Next to this, it was realised that still a lot of 
misunderstanding exists about how flexible pipes, and more specific thermoplastics 
pipes, behave in real life. An interactive design tool allows for the calculation of pipe 
installation parameters for a safer use. This interactive tool is available at the TEPPFAS 
web page (http://buriedpipesdesign.teppfa.eu/design-tool.html).  

• Use of additives to improve lifespan. This technology is described in The Fertigation Bible 
(Chapter 7). Pipes and drippers already containing anti-root and antimicrobial additives 
added through the extrusion and the injection processes respectively, can ensure a 
constant flow during the crop cycle and avoid dripper clogging due to the formation of 
biofilms inside tubes or the penetration of roots through drippers. Additives, such as 
silver nanoparticles, are incorporated into building materials like wall coverings, floor and 
carpets, door handles, or food and catering materials to avoid potential cross 
contamination of harmful bacteria responsible for food poisoning through the supply 
chain. 
 

Why and how can the methodology be adopted to agriculture/horticulture? 

• The incidence of pipe breaks due to improper installation of subsurface pipelines results 
very often in water and fertiliser losses, besides negative impact on crops, soil structure 
and road infrastructure. Repairing is expensive and time consuming, so every necessary 
effort should be made to optimize how buried irrigation lines are installed. The availability 
of simple, effective, and realistic guidelines for growers to design and build their own 
irrigation water distribution systems would be a preventive action to avoid such issues.  

• This technology has already been tested for irrigation equipment. The RIGA project, 
which is also mentioned in The Fertigation Bible aims at implementing new irrigation 
systems based on standard polyolefin grades with new functionalities   such   as   anti-

http://buriedpipesdesign.teppfa.eu/design-tool.html
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microbial   and   anti-roots. This project is financed by the Eco-Innovation programme in 
the H2020 and the consortium is participated by manufacturing companies and research 
organisations. 
 

 

 
Figure 23. Above: Example of the automatic design tool for buried pipes (Teppfa webpage).  Below schematics of biofilm 
formation and way of action of chemical additives in plastic materials (from Biocote webpage). 

  
Brief description of regulation concerning the technology 

• Standards CEN/TC 155 on plastics piping systems and ducting systems  
• REACH. Registration, Evaluation, Authorisation and Restriction of Chemicals. 
• Commission Regulation (EU) No 10/2011 of 14 January 2011 on plastic materials and 

articles intended to come into contact with food Text with EEA relevance 
• Directive 2000/76/EC of the European Parliament and of the Council of 4 December 2000 

on the incineration of waste. 
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3.7 Fertigation management –Preparation of the nutrient solution 

3.7.1 Summary of bottlenecks and gaps 

This is an overview of the main bottlenecks and gaps in relation to the preparation of the nutrient 
solution to overcome major bottlenecks related to the preparation of nutrient solutions. These 
bottlenecks, based at the outcomes of task 4.1 and described in deliverable 4.1, are given in 
(Table 14) 
 
Table 14. Overview of the gaps in irrigation equipment 

Bottleneck Explanation Specific demands 

Purchase and 
maintenance costs of 
high performance, 
heavy duty equipment 

Accurate systems are normally expensive and show 
short lifespans of adequate performance. Frequent 
replacements are required. 

Low cost versatile 
technologies, easy to 
implement and maintain 

Lower accuracy of 
cheap and durable 
injection systems 

Cheaper systems like Venturi injectors can have 
significant deviations. Attention should be given to 
pressure head-induced deviations. 

Availability of clear checklists 
and protocols to help growers 
to adopt best preparation and 
use practices of the nutrient 
solution 

Un-known quantities of 
fertilizers supplied to 
the crop 

Normally based on EC and pH, indirect and often 
inaccurate measurements of nutrient content in 
the irrigation solution not provide exact 
information on the amount of fertilizers supplied to 
each plot.  

Better performance of flow 
meters and injection pumps 

Automatic addition of 
fertilizers with a low 
effect on EC 

Frequently used in organic production, the use of 
low EC fertilisers is linked to important deviations if 
irrigation heads and automatic injection is used.  

New materials and designs 
are needed. Especially flow 
meters with good 
performance on waters with 
high presence of suspended 
solids.  

Ion specific adjustment 
of the recirculating 
solution in closed 
soilless systems 

Affordable (and low-maintenance) selective ion 
sensors would allow doing real time matching of 
nutrients supply and uptake. Better management 
of recirculating nutrient solutions.   

Still in experimental phase. 
Need to develop affordable 
and durable equipment.  

Cost of new generation 

fertilizers used for 

recirculating systems. 

Solid fertilisers with low concentration of saline 
ions and/or concentrated liquid fertilisers are much 
more expensive than standards fertilisers.  

New developments in the 
fertilisation industry and 
improvements in distribution 
logistics to avoid scale-
induced problems.  

 
The bottlenecks mentioned in the table above can partly be solved since most of the available 
technologies to overcome these issues are commercially available, though not all are affordable 
for smaller farms, especially those equipped with low-tech growing systems. Therefore, it is a 
matter of adapting technologies to local and farm specific scenarios. General measures, such as 
proper design and operating practices, prevention and maintenance can help to troubleshoot 
this phase in the fertigation process. Some gaps regarding the preparation of nutrient solutions 
are: 
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1. There is a need for continuous accurate injection of the stock solution into the irrigation 
water to reach the established set points. There is a need for:  

a. More appropriate sensors  
b. Technologies that perform under the standard operational conditions 
c. More accurate technology for nutrient injection. 

2. There is a need for direct, specific and real time measurement of ion concentrations in 
the nutrient solution. Selective ion sensors are available but currently not available for 
standard commercial use.  

3. There is a need for advanced software that allows the use of different water sources 
considering the different water qualities of the sources. It is expected that climate change 
will lead to increased water scarcity. Therefore, growers might be forced to use multiple 
water sources with different water qualities (surface, underground, desalinated, 
regenerated waste water). Implementation of these multiple water sources will require 
the use of a suitable software which will support the composition of the optimal water 
blend for the specific companies’ conditions.  

3.7.2 Definition of specific criteria for new solutions 

New technologies to optimize the preparation of nutrient solutions for fertigation practices:  
 

• User-friendly: Technologies should be easily adaptable for growers.  
• Economic feasibility: Technologies should be economic feasible for small and very small 

farms. Reasonable/acceptable relation between costs and benefits. Short payback 
period. 

• Reliability: During the technology’s lifespan, the technology should assure a uniform and 
reliable performance.  

• Availability of information: Growers should be aware of and have easy access to related 
information related to the technologies and applied to their farms’ situation.  

3.7.3 Innovative solutions from other sectors 

The preparation of liquid solutions is relevant in some industrial sectors like the chemical industry 
or the food industry. There are plenty of technologies available that could be applicable in 
agriculture and fertigation. Some of them are applied at a commercial level but still at very 
preliminary stages. Despite being described in the fertigation bible and since they are rather 
unknown, they are also described in this deliverable (Table 15). 
 
Table 15. Summary Table 

Existing technologies   Gaps solved 

Volumetric Injection Pumps Accuracy, increased efficiency in nutrient use 

Selective ion sensors for injection 
control 

Control of injection rates, nutrient use efficiency 

Low-flow flow meters Accuracy, better control of injection rates 
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3.7.3.1 Volumetric Injection Pumps  

Fulfilled Criteria 

Volumetric injection pumps, electromagnetic or piston-driven, address the inaccuracy of venturi 
injectors. Injection rates of venturis are very much dependant on pressure head of the stock 
solution tanks. This is also the case of electromagnetic pumps, but the issue can be overcome by 
installing vertical pipes to buffer pressure. The technology of injection pumps is already well 
known (Fertigation Bible, Automated injection equipment with mixing tank based on EC and pH) 
but not well spread due to durability and maintenance issues. As an example, it is assumed that 
only less than 10% of the greenhouses in South East of Spain is equipped with this technology 
for nutrient addition. The industry should make efforts in developing cost effective and reliable 
injection pumps for fertigation (Figure 7-1). 

Description of the technology and present use 

In sectors, such as the chemical industry, venture injection pumps are already applied. For 
example, in oil extraction plants, amine treatment in power plants, or injection of corrosion 
inhibitors in pipes. These pumps are suitable for almost all fluids and offer the highest metering 
accuracy, safety and reliability and excellent efficiency, all packaged in compact design. 

Why and how can the methodology be adopted to agriculture/horticulture? 

As described in the Fertigation Bible the magnetic drive pump sucks stock solution and drives it 
towards a solenoid valve. This valve is opened after receiving a signal for injection from the 
controller and the solution is diverted to the mixing tank. The frequency with which each 
solenoid valve opens is determined by the percentage injection of the corresponding stock 
solution and target electrical conductivity (EC). Flow meters are installed in the most advanced 
equipment, one for each injection pump, to allow measurement of the volume of injected 
concentrated solution and improve injection accuracy. 
 

 

 

Figure 24. Injection pumps (images from (A) www.universalgrowcontrols.com and (B) www.lewa.com) 

It is possible to install membrane pumps instead of magnetic pumps to inject fertilizers more 
precisely. These pumps incorporate a piston. By counting the number of pulses, it is possible to 
know the exact volume of stock solution injected in each cycle without installing a flow meter. In 

A B 
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some membrane pump models, it is possible to regulate the frequency of pulses and vary the 
flow. However, these pumps are more expensive than magnetic pumps and require more costly 
maintenance because the membranes and valves tend to get dirty and worn away frequently 
due to the fertilizers. 
 
This technology is already applied in horticulture, but it is not yet widely spread. The cost 
required maintenance and fragility of venture injection pumps are some of the factors 
preventing the wider uptake of this technology. If strict real-time control of the amount of 
injected nutrients should be required by growers, this would be the technology to adopt. 
However, this is not the case in many areas, so efforts should be dedicated to improving 
durability and cost. 

Description of regulation concerning the technology 

This technology supports farms to comply with the following regulations:  
• Water Framework Directive 2000/60/EC 
• Nitrates Directive91/676/EEC 
• Codes of Good Agricultural Practices at different levels 

References: 
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3.7.3.2 Selective ion sensors for injection control  

Fulfilled Criteria 

The availability of an affordable automatic system based on ion-selective sensors would support 
the optimal management of fertigation, especially in case of closed systems. Continuous 
monitoring of the ion concentrations would allow independent and real-time adjustment of the 
nutrient solutions. The nutrient solution would be adapted according to the crops’ nutrient 
uptake or to deviating quality parameters due to EC build-up. Selective ion sensors are still at an 
experimental level and currently they are being tested in many commercial and research 
facilities. It definitely would improve nutrient use efficiency and management of irrigation water 
and effluents.  

Description of the technology and present use 

Ion selective sensors respond in a measurable way to the presence of specific ions. These sensors 
are coated in plasticized PVC membranes with affinity for the target ion due to its chemical 
composition. There are several ways to quantify the number of ions binding to the selective 
membrane (Figure 25).  
 

 
 

 
Figure 25. Types of ion-selective sensors (from M. Bamsey, Ion-Selective Optical Sensors for the Management of Plant Nutrient 
Solutions (2012)) 

One of them consists in using Field Electric Transistors (IS-FETs) measuring changes in resistance 
along a coated metal-oxide semi-conductor.  
 
In the case of ion selective electrodes (ISEs) the potential measured at the sensor-solution 
interface is compared to a reference value of a reference electrolyte solution contained in an 
electrode housing. One drawback of this system is that the voltage signals must be amplified by 
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electronic components, and this may result in inaccuracies. There are electrodes available to 
measure Ca2+, Cl-, K+, Na+, NH4+, NO3-, Mg2+.  
 
An alternative technology to this method is the use of optical sensors (IS-Optrodes) that take the 
advantage of the absorptive properties of dyes to generate a sensor signal. These dyes react to 
analyte activity changing their colour, which can be measured with a spectrometer. This specific 
technology is based on optical sensors and has a low TRL level. Its potential has been investigated 
for Biological Life Support Systems. They can be developed to detect K+, Ca2+, Na+, and NO3-  

Why and how can the methodology be adopted to agriculture/horticulture? 

Ion-selective detection is possible for some nutrient ions that are significant for plant production. 
Further development of the technology will improve the quality and reliability of measurements 
and expand the offer of available sensors. Many industry and research sectors can benefit from 
affordable ion-chemistry analysis.  

Description of regulation concerning the technology 

No specific regulations concerning this technology at European, National or Regional level 

References: 

1) M. Bamsey, Ion-Selective Optical Sensors for the Management of Plant Nutrient 
Solutions. PhD thesis, School of Environmental Sciences - University of Guelph, 2012. 
(https://atrium.lib.uoguelph.ca/xmlui/bitstream/handle/10214/9149/Thompson_Cody_
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3.7.3.3 Low-flow Flow meters 

Fulfilled Criteria 

In general, traditional flow meters which are installed at the nutrient injection dispositive in 
fertigation head units lack accuracy. This is often due to inappropriate metering methods that 
feature some type of moving parts like rotors. Accurate low-flow flow meters address the lack of 
accuracy of standard injection technologies like venturi systems. Besides, and in combination 
with injection pumps, they can provide exact information on the amount of nutrients 
incorporated in the nutrient solution. This results in an improvement of the economical, 
technical and environmental efficiency of the fertigation setup. 

Description of the technology and present use 

Low-flow measurement presents different challenges because of the small, incremental 
assessment of liquid flow. Low-flow meters are designed to provide accurate monitoring and 
control of very low liquid flow rates that can be problematic for traditional flowmeters. Many 
industries rely on low-flow meters to ensure the proper flow rates of liquids in processes for 
batching, water separation, paint circulation, fuel measurement and chemical injection. For 
example, in the oil and gas industry, a chemical injection system uses low-flow meters to 
calculate the correct amount of chemicals such as antifoaming scale inhibitor and methanol for 
injection into oil wells.  
The field of fluid technology which deals with low flow regimes is called microfluidics. Since this 
is a rather new discipline many flow-sensing technologies are not yet well adapted. 
Developments in this discipline may result in significant advantages for a better control of 
nutrient injection metering. The available low-flow liquid flow meters technologies can be 
grouped according to their physical domains, which are Thermal, Mechanical, Acoustic-
ultrasonic, Optical, and Electro-magnetic (Figure 7-3).  
  
  
 

 
 

Figure 26. Examples of (A) an ultrasonic flow meter and (B) an electro-magnetic flow meter (from https://www.elveflow.com) 

Since nutrient solutions contain negatively and positively charged particles, electro-magnetic 
low-flow liquid flow meters seems promising. Low-flow flow meters are very accurate although 
the sample channel and the measuring electrodes have to be carefully isolated. In combination 
with ion-specific sensors this type of technologies could be an extraordinary way to measure flow 
and concentration at the same time. 

A B 
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Why and how can the methodology be adopted to agriculture/horticulture? 

This type of flow meters could be adapted and incorporated to fertigation head units in order to 
improve control and use efficiency of nutrients in fertigation solutions. Present flow meters lack 
accuracy since most of them are mechanical, thus based in moving parts, and fail when air 
bubbles form in the water flow (sudden pressure changes, etc..). Cost and lifespan should be 
carefully considered. 

Description of regulation concerning the technology 

No specific or relevant regulations concerning this technology at European, national or regional 
level.  
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3.8 Fertigation management: Irrigation management 

3.8.1 Summary of bottlenecks and gaps 

Water is a key factor in agriculture. Climate change and the increase in the world population will 
oblige the horticultural sector to produce more food with less water. Additionally, production 
will take place under changing environmental and climatological conditions compared to those 
of today. The horticultural sector will be forced towards a more efficient water management. 
Although there are already numerous technologies supporting more efficient irrigation 
management, there are still bottlenecks that have to be overcome. 
 
An overview of the main bottlenecks and gaps in relation to the irrigation management of water, 
based at the outcomes of task 4.1, described in Deliverable D 4.1 is given in Table 17. 

 

Table 16. Summarizes the main bottleneck at the irrigation management. 

Bottleneck Explanation Specific demands 

Deficiencies in the 
irrigation system. 

Deficiencies in the design of irrigation 
systems; Traditional design based on the 
surface and slopes; The heterogeneity of soils 
is not taken into account. This makes it 
difficult to manage irrigation more correctly 
to the needs of the crop in each area of the 
plot and reduce the economic cost of 
irrigation and  

Different technologies for the 
characterization of the 
heterogeneity of the farm, to use 
this information in a more 
efficient design. 

Heterogeneity  of soil 
(different soil types in 
same farm). 

Change the characteristics of the soil in the 
same orchard or plot. 

Knowing the spatial variability of 
soil in the plot or farm 

Lack of agronomic 
knowledge, and lack of 
knowledge of the best 
decision. 

It is necessary to know the phenological state 
of the plant, the sensitive periods of the 
culture and where and when to apply the 
irrigation. That is very important to take the 
final decision. 

Carry out workshops and 
showcase in different cultures of 
technologies in commercial plots, 
by the administration or by the 
companies that sell these 
technologies to familiarize the 
farmer with them in different 
farming situations 

Extra work The utilization of sensors and irrigation 
programs carry as extra work as managing of 
software and internet connection. 

User-friendly software, models, 
automations and knowledge 
transfer 

Some of them are high 
level technologies. 

High level technologies need technical 
support in order to be interpreted by the 
farmer. 

Simplifying technology and good 
technical support 

 

3.8.2 Definition of criteria for new solution 

For an ideal irrigation management, the following must be fulfilled: 
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• Uniform irrigation pattern: the irrigation system must provide the set irrigation volumes 
as set in the system.  

• Flexibility to adapt irrigation to local crop requirements: for this the farmer must know 
his plot, its variability generates different zones of development in the crop and 
consequently differences in the amount of water to be applied (precision irrigation) 

• High irrigation efficiency: Irrigation systems should have minimal losses during water 
transport and application (such as losses due to the installation itself, losses due to 
evaporation, losses due to wind conditions). 

• Bring the drop to the crop: Having the least amount of losses on the soil. 
• Flexibility/adjustable irrigation systems: Knowing how to control the water supply to be 

able to guarantee optimal humidity or cause stress at the time of cultivation that was 
desired. For this, the crop development cycle, the water needs of the crop, the sensitivity 
to water stress and the guidelines for the application of the risks must be perfectly 
known; In short: how, how much and when to irrigate. 

 

3.8.3 Innovative solutions from other sectors 

There are innovative solutions from other sectors that could improve the management of 
irrigation.  Some technologies could support existing technologies solving the remaining 
obstacles and gaps. Among these new techniques there are some that are already well 
developed but that are improved every day. 
 
A lot of technologies have a broad scope of application, also in agriculture. In the past years, a 
number of new technologies have been screened for their use in the horticulture sector.  
Therefore, these technologies are also described in Chapter 9 of FERTINNOWA’s Fertigation Bible 
(FB). Today, only a few are applied in practice in this sector and therefore they are included in 
this deliverable as well. 

Among these innovative technologies we have: 

Table 17. Innovative technologies for optimize irrigation management. 

Innovative technologies 
for optimize irrigation 

management 

Effect on Gaps  

Solar crop Local energy production to support the irrigation systems.  
Superabsorbent polymer Avoiding water loss through runoff and leaching. It will reduce costs 

and increase the environmental friendliness of the irrigation practice.  
Zigbee It allows solving problems of uniformity of the land in a cheap way, 

saving on monitors and helping the farmer to make decisions. 
Robotics and automatisms Ensure adequate irrigation of the plot, saving water and nutrients and 

being more carefully with the environment and reduce the extra work, 
because the data interpretation is done by other users or robots. 

Drones Supporting an adequate management of irrigation in the plot since it 
would solve the variability in the plot with a good precision, avoiding 
losses, then saving water and also nutrients 
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Artificial intelligence Solving or alleviate the lack of uniformity of the soil in the different 
areas of the farm. This will lead to water and nutrient savings and 
reduce work. 

Biotechnology  This technology can increase the efficiency of water, saving money to 
the farmer and at the same time adapt the crops at climate change 
and zones without water. 

 

3.8.3.1 Solar crop 

Fulfilled criteria 

There are many farmers that pump groundwater to irrigate crops, especially in hot and dry 
climates.  In recent years, there has been a growth in the use of solar-powered pumps. But the 
problem arises when farmers view solar energy as free, as it can cause over-irrigation. One 
solution is the technological-political programs that encourage farmers who use solar pumps to 
sell the excess energy to the grid. The guaranteed repurchase scheme produces a "triple gain"; 
farmers earn income, the state earns electricity reserves and the water source is conserved by 
reducing usage. Also, the grower will have more income that can help him modifying the 
irrigation system while reducing carbon emissions.  

Description of the technology and present use 

Photovoltaic solar energy is a source of energy that produces electricity directly from solar 
radiation through a semiconductor device called a photovoltaic cell. It is used in a large number 
of sectors, such as: telecommunications, transport sector, industry, electricity generation, space 
industry, buildings. 

Why and how can the methodology be adopted to agriculture/horticulture? 

The extraction of water requires a significant amount of energy for the operation of the hydraulic 
pumps.  The use of solar energy offers a series of advantages as it allows reduction of the use of 
fossil fuels and it offers possibilities when no energy sources are available on the farms’ site. 
Photovoltaic panels are a source of autochthonous and renewable energy. Investment costs are 
the main costs to be considered by the farmers as the maintenance costs are minimal. Besides 
the solar panels, the farmer should invest in a voltage regulator, an inverter and batteries in case 
the farmer wants to accumulate energy. On the other hand, the farmer could introduce the 
surplus on the electrical grid thus obtaining an extra benefit. One interesting idea is the Japanese 
solar sharing, a method of generating electricity on farmland using solar panels mounted to a 
raised framework, with crops growing underneath (Figure 27). Other example is the 
management solution by CGIAR’s research programme on water, land and ecosystems, and in 
partnership with the International Water Management Institute (IWMI). 
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Figure 27. (a) Direct pumping system: http://novaenergia-me.com/solar-pumping/ (b) The Japanese solar sharing: 
http://solarsharing.cocolog-nifty.com/ 

Brief description of regulation concerning the technology 

• Directive 2009/28/EC of the European Parliament and of the Council of 23 April 2009 on 
the promotion of the use of energy from renewable sources and amending and 
subsequently repealing Directives 2001/77/EC and 2003/30/EC. 

• Directive (EU) 2015/1513 of the European Parliament and of the Council of 9 September 
2015 amending Directive 98/70/EC relating to the quality of petrol and diesel fuels and 
amending Directive 2009/28/EC on the promotion of the use of energy from renewable 
sources. 

• Directive 2009/72/EC of the European Parliament and of the Council of 13 July 2009 
concerning common rules for the internal market in electricity. 

• Directive 2010/31/EU of the European Parliament and of the Council of 19 May 2010 on 
the energy performance of buildings. 

References: 

[1]. Could new scheme conserve water, boost incomes and combat climate change? 
(http://www.iwmi.cgiar.org/2015/06/payday-for-indias-first-ever-sunshine-farmer/) 

[2]. Page web novaenwegia-me.com: http://novaenergia-me.com/solar-pumping/ 
[3]. Japan combines agriculture with solar power generation to revive unexploited farmland: 

(http://www.climateactionprogramme.org/news/japan-combines-agriculture-with-
solar-power-generation-to-revive-unexploite) 

[4]. Junko Movellan, 2013. Japan Next-Generation Farmers Cultivate Crops and Solar Energy: 
http://www.renewableenergyworld.com/articles/2013/10/japan-next-generation-
farmers-cultivate-agriculture-and-solar-energy.html 

[5]. CGIAR’s research programme on water https://wle.cgiar.org/thrive/2018/04/23/here-
comes-sun-solar-technology-agriculture 

 
 
 
 

a) b) 

http://www.climateactionprogramme.org/news/japan-combines-agriculture-with-solar-power-generation-to-revive-unexploite
http://www.climateactionprogramme.org/news/japan-combines-agriculture-with-solar-power-generation-to-revive-unexploite
http://www.renewableenergyworld.com/articles/2013/10/japan-next-generation-farmers-cultivate-agriculture-and-solar-energy.html
http://www.renewableenergyworld.com/articles/2013/10/japan-next-generation-farmers-cultivate-agriculture-and-solar-energy.html
https://wle.cgiar.org/thrive/2018/04/23/here-
https://wle.cgiar.org/thrive/2018/04/23/here-
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3.8.3.2 Superabsorbent polymer (SAP) 

Fulfilled criteria 

The use of superabsorbent polymers might support reduction of water and nutrient loss through 
runoff and leaching, leading to a reduction of the environmental impact of the farm. Additionally, 
the costs for water and fertilisers might be reduced. 

Description of the technology and present use 

Superabsorbent polymers can absorb and retain extremely large amounts of a liquid relative to 
their own mass. Until the eighties of the last century, water absorbent materials were produced 
from cellulose and fibre products that could absorb up to 20 times their weight. Currently, 
polyacrylate and polyacrylamide copolymers have an absorption capacity of 1000 times greater 
than their weight. These polymers are used in different sectors such as: the aviation and 
transport sector, drugstores, pharmacy, in the medical sector, electrical industry, toys industry, 
in the pesticide industry, etc. 

Why and how can the methodology be adopted to agriculture/horticulture? 

The ability of a SAP to absorb water is a factor of the ionic concentration of the aqueous solution 
(Figure 28). 

    
Figure 28. (a) The use of SAP in agriculture: http://tecnologiadelosplasticos.blogspot.com.es/2013/01/polimeros-super-
absorbentes.html (b) Polymers performance scheme in agriculture: http://www.scielo.br/img/revistas/po/v27n3//0104-1428-
po-0104-142809316-abs01.jp 

 
A superabsorbent polymer is a highly efficient water retention polymer. When this polymers are  
incorporated into a soil or a substrate, they will absorb and retain large amounts of water and 
nutrients. On the other hand, these polymers can easily release the water and nutrients 
absorbed, thus allowing crops to access the available water and nutrients, as a function of the 
cycles of absorption and liberation. 
 
The benefits of SAP are: 

• High performance superabsorbent polymer based on water retention 
• Increased water retention capacity of soils for several years. 
• Reduced water and nutrient losses. The frequency of irrigating can be reduced by 50%. 

Also, leaching can be reduced.  

http://www.scielo.br/img/revistas/po/v27n3/0104-1428-po-0104-142809316-abs01.jp
http://www.scielo.br/img/revistas/po/v27n3/0104-1428-po-0104-142809316-abs01.jp
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• Reduced soils evaporation. 
• Improved physical properties of compact soils by improving the aeration and increasing 

porosity. Soil erosion can be reduced. 
• Accelerated plant growth. 

 
The hydrogel, or potassium polyacrylate, is commonly used for this purpose, achieving water 
savings of up to 30%. SAP are biodegradable, decomposing will initiate after 3 years.   

Brief description of regulation concerning the technology 

Below, a non-exhaustive list of EU-regulations is provided. At the national and/or regional 
additional regulation might be into force.  

• 2014/763/EU: Commission Decision of 24 October 2014 establishing the ecological 
criteria for the award of the EU Ecolabel for absorbent hygiene products (notified under 
document C(2014) 7735). 

• 2004/394/EC: Commission Recommendation of 29 April 2004 on the results of the risk 
evaluation and the risk reduction strategies for the substances: Acetonitrile; Acrylamide; 
Acrylonitrile; Acrylic acid; Butadiene; Hydrogen fluoride; Hydrogen peroxide; Methacrylic 
acid; Methyl methacrylate; Toluene; Trichlorobenzene (Text with EEA relevance) (notified 
under document number C(2004) 1446). 

• 2004/237/EC: Commission Decision of 17 October 2001 declaring a concentration to be 
incompatible with the common market and the functioning of the EEA Agreement (Case 
COMP/M.2187 — CVC/Lenzing) (Text with EEA relevance) (notified under document 
number C(2001) 3121). 

• Corrigendum to Commission Recommendation 2004/394/EC of 29 April 2004 on the 
results of the risk evaluation and the risk reduction strategies for the substances: 
acetonitrile; acrylamide; acrylonitrile; acrylic acid; butadiene; hydrogen fluoride; 
hydrogen peroxide; methacrylic acid; methyl methacrylate; toluene; trichlorobenzene 
(Official Journal of the European Union L 144 of 30 April 2004). 

References for more information 

[1]. Socochem.com web page: (https://www.socochem.com/potassium-polyacrylate-super-
absorbent-polymer-for-agriculture.html) 

[2]. Chinafloc.com web page: http://www.chinafloc.com/Super-absorbent-polymer-
Potassium-polyacrylate-for-agriculture_1070.html 

[3]. Garía, I. E., & Bali, M. (2014). EFFECT OF THE USE OF POTASSIUM POL IRRIGATION WATER 
IN THE VALLE.  

[4]. Zohuriaan-Mehr, M. J., & Kabiri, K. (2008). Superabsorbent polymer materials: a review. 
Iranian polymer journal, 17(6), 451.  

[5]. Curcio, M., & Picci, N. (2008). Polymer in agriculture: a review. Am. J Agric. Biol. Sci, 3, 
299-314. 

[6]. Garner, C. M., Nething, M., & Nguyen, P. (1997). The synthesis of a Superabsorbent 
polymer. Journal of Chemical Education, 74(1), 95. 

 

https://www.socochem.com/potassium-polyacrylate-super-absorbent-polymer-for-agriculture.html
https://www.socochem.com/potassium-polyacrylate-super-absorbent-polymer-for-agriculture.html
http://www.chinafloc.com/Super-absorbent-polymer-Potassium-polyacrylate-for-agriculture_1070.html
http://www.chinafloc.com/Super-absorbent-polymer-Potassium-polyacrylate-for-agriculture_1070.html
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3.8.3.3 Zigbee 

Fulfilled criteria 

Zigbee is the wireless language that everyday devices use to connect to one another. The use of 
the Zigbee technology will allow to reduce the problem of spatial variability on the farm, through 
the use of a wireless network of sensors. This will support the farmer making more rational 
decisions regarding fertigation management, the number of required sampling points for better 
monitoring of crop parameters, saving money in monitoring and communication systems and 
also, avoiding water and nutrient losses. 

Description of the technology and present use 

Zigbee is an IEEE 802.15.4-based specification for a suite of high-level communication protocols 
used to create wireless personal area networks (WPANs) being simpler and less expensive than 
other WPANs, such as Bluetooth or more general wireless networking such as Wi-Fi. This 
technology is being used in different sectors such as: Domotics, computers, medicine, telephony, 
industry, fire, mining and military technology, etc.  

Why and how can the methodology be adopted to agriculture/horticulture? 

A wireless communication system focused on communication between devices with a low data 
rate in order to have the lowest possible energy consumption, it operates in the free industrial, 
scientific and medical (ISM) 2.4 Ghz band for wireless connections; it will allow measurements, 
recording and transmission of live data of agricultural variables, such as temperature, humidity 
of the soil, etc. 
 
Zigbee devices are of three kinds, according to your role in the network:  
Zigbee Coordinator (ZC): The most complete type of device. There must be one per network. Its 
functions are to take charge of controlling the network and the paths that devices must follow 
to connect with each other. 
 
Zigbee Router (ZR): Interconnects separate devices in the topology of the network, in addition to 
offering an application level for the execution of user code. 

 
Figure 29. (a) Monitoring of the farm through a wireless communication system: 

https://www.sciencedirect.com/science/article/pii/S0167739X17303862 (b) Scheme of  Zigbee: 
https://sites.google.com/site/ingsoftwares5a/tipos-de-dispositivos 

a) b) 
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Zigbee End Device (ZED): It has the necessary functionality to communicate with its parent node 
(the coordinator or a router), but it cannot transmit information destined to other devices. In 
this way, this type of node can be asleep most of the time, increasing the average life of its 
batteries. A ZED has minimal memory requirements and is therefore significantly cheaper. 

 
Main use in agriculture is the possibility of installing a network of sensors at different points in 
the farm that allows receiving different types of data (environmental, water content in the soil, 
nutritional status, water status of the crop, leaf temperature, ...) and that can be processed by 
the user or by an artificial intelligence system to better manage the irrigation and fertilization 
crop needs. The possibility of using nodes systems without cable allows the placement of sensors 
in remote points on the farm that allow a better characterization of the variability, avoiding costs 
(reduce cost of different loggers, cable length and GSM individual connection) and signal losses 
by using cables (break by labours in the crop and signal loss). 

Brief description of regulation concerning the technology 

• Directive 2014/53/EU of the European Parliament and of the Council of 16 April 2014 on 
the harmonisation of the laws of the Member States relating to the making available on 
the market of radio equipment and repealing Directive 1999/5/EC Text with EEA 
relevance. 

• ETSI EN 300 328 V2.1.1 “Wideband transmission systems; Data transmission equipment 
operating in the 2,4 GHz ISM band and using wide band modulation techniques; 
Harmonised Standard covering the essential requirements of article 3.2 of Directive 
2014/53/EU”. 

• Directive 2014/35/EU of the European Parliament and of the Council of 26 February 2014 
on the harmonisation of the laws of the Member States relating to the making available 
on the market of electrical equipment designed for use within certain voltage limits Text 
with EEA relevance. 

• Directive 2014/30/EU of the European Parliament and of the Council of 26 February 2014 
on the harmonisation of the laws of the Member States relating to electromagnetic 
compatibility (recast) Text with EEA relevance. 

References for more information 

[1]. Meeradevi, A. K., & Mundada, M. R. ZigBee Based Wireless Sensor Network in Precision 
Agriculture-The Survey.  

[2]. Vela Velasco, A. M. (2016). Estudio de la agricultura de precisión enfocado en la 
implementación de una red de sensores inalámbricos (WSN) para el monitoreo de 
humedad y temperatura en cultivos–caso de estudio hacienda Cabalinus ubicada en la 
provincia de Los Ríos (Master's thesis, PUCE). 

[3]. Kalra, A., Chechi, R., & Khanna, R. (2010, March). Role of Zigbee Technology in agriculture 
sector. In National Conf. on Computational Instrumentation NCCI (p. 151). 
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3.8.3.4 Robotics and automation 

Fulfilled criteria 

The development and use of robotics and automation will allow the reduction of human 
intervention, ensuring adequate irrigation of the plot resulting in a saving of water and avoid 
losses of nutrients that pollute the environment either by leaching or runoff. The farmer can 
control his crop from any place, saving time and money in displacements as this technology is 
responsible for turning on or off the irrigation. 

Description of the technology and present use 

Robotics is an interdisciplinary branch of engineering and science that includes mechanical 
engineering, electrical engineering, computer science, and others. Robotics deals with the 
design, construction, operation, computer systems and use of robots. 
Automation refers to the absence of intervention of external agents in the operation of a 
mechanism or in the development of a process. These technologies are used in a large number 
of sectors such as: the nuclear industry, the space industry, mining, education, assembly industry, 
construction, medicine, underwater vehicles, cars, etc. 

Why and how can the methodology be adopted to agriculture/horticulture? 

Many start-ups active in the field of robotics and automation are entering the field of agriculture. 
These companies offer new intelligent and automatic irrigation and telemetry systems that 
analyse the environmental, soil, humidity and temperature conditions and even the vascular 
tissue. When the water levels in the soil or in the vascular tissue descend from predetermined 
ones, a signal is sent to activate the irrigation system that will provide the exact amount of water 
that the plant needs. Measuring, storing and directing in real time, analysing and maximizing 
with artificial intelligence will facilitate many decisions to the farmer and ensuring adequate 
irrigation, using the water strictly necessary to guarantee growth, thus reducing human 
intervention. 
 

  
Figure 30. (a) Automated irrigation in a greenhouse with sensors (b) Scheme of irrigation automation on the farm: http://coe-
iot.com/blog/precision-farming-irrigation-and-fertigation-controller/ 

 
 
 

a) 



Transfer of INNOvative techniques for 
  sustainable Water use in FERtigated crops 

 
 

This project has received funding from the European Union’s Horizon 2020 research and 
innovation programme under grant agreement No 689687 

109 

Brief description of regulation concerning the technology 

• Directive 2014/30/EU of the European Parliament and of the Council of 26 February 2014 
on the harmonisation of the laws of the Member States relating to electromagnetic 
compatibility (recast) Text with EEA relevance. 

• Directive 2014/35/EU of the European Parliament and of the Council of 26 February 2014 
on the harmonisation of the laws of the Member States relating to the making available 
on the market of electrical equipment designed for use within certain voltage limits Text 
with EEA relevance. 

• Directive 2006/42/EC of the European Parliament and of the Council of 17 May 2006 on 
machinery, and amending Directive 95/16/EC (recast) (Text with EEA relevance). 

References for more information 

[1]. Shobila, P., & Mood, V. Automated Irrigation System Using Robotics and Sensors. 
[2]. robohub.org web page: http://robohub.org/farming-with-robots/ 
[3]. myfieldnet.com web page:  http://www.myfieldnet.com/drip-micro-irrigation-control 
[4]. Bhagyalaxmi, Jagtap Komal, Nikam Nakusa, Nikam Karuna, Sutar Snehal. 2016. 

“Agricultural Robot” (Irrigation System, Weeding, Monitoring of Field, Disease 
Detection). In International Journal of Innovative Research in Computer and 
Communication Engineering. 

[5]. Precisionag.com web page (http://www.precisionag.com/specialty-crops/precision-
irrigation/4-important-ways-precision-technology-is-impacting-irrigation/). 

 
  

http://robohub.org/farming-with-robots/
http://www.myfieldnet.com/drip-micro-irrigation-control
http://www.precisionag.com/specialty-crops/precision-irrigation/4-important-ways-precision-technology-is-impacting-irrigation/
http://www.precisionag.com/specialty-crops/precision-irrigation/4-important-ways-precision-technology-is-impacting-irrigation/
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3.8.3.5 Drones 

Fulfilled criteria 

The development and use of drones can improve the efficiency of fertigation, saving money to 
the farmer. At the same time leaching and runoff can be reduced what will help to better manage 
the Nitrate Vulnerable Zones. The biggest advantage of the use of drones may lay in the 
possibility to support tailored fertilization practices taking into account the heterogeneity of the 
farms’ sites. Early detection of pests and diseases, perform localized treatments. In this case the 
application of imaging might follow a sequential process that includes steps such as Indication, 
Detection, Identification, Localization, Decision, Mitigation, and Validation. Because we know 
what to look for, we can select the right sensor and the right time. And once the types of stresses 
and their locations are known, mitigation can be accomplished with precision and economy. 
Known stresses will emerge again, and their emergence will be anticipated. 

Description of the technology and present use 

A drone, is an aircraft without a human pilot aboard, an unmanned aerial vehicle (UAV). Drones 
are controlled by a ground-based controller and a system of communications between the two. 
Its use is widespread in many sectors such as military, geology, archaeology and cartography, in 
emergencies, in the control of wildfires, in border security and surveillance, in transport, in 
industry and as entertainment and aviation. The drones represent a revolution in the market for 
civil use, which will lead to a regulation of their use of airspace that at the moment is not the 
same throughout Europe. 
Why and how can the methodology be adopted to agriculture/horticulture? 
The applications with the most potential are in precision agriculture and field monitoring; 
detection of nutritional and water stress in crops. By placing a series of sensors in the drone, 
such as reflectance sensors, thermal sensors, drones can map the farm indicating how the crop 
is developed and how the crop is being irrigated, whether it is undergoing water stress or not. 
With this, growers will be able to identify which farm’s sites need more water and nutrients 
(optimal use of fertilizers only in areas where their application is necessary), or even go ahead in 
the fertilization calendar.  In addition, drones offer an inspection and surveillance work, reaching 
areas that on foot would be totally impossible. It is expected that drones will increase the 
economic benefits for farmers. 
 

 
Figure 31. (a) Diagram of the different solutions to problems on the farm with a drone: 

http://www.rurapolis.es/blog/entrada/178/6-usos-de-los-drones-en-la-agricultura 

    

a) b) 
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Brief description of regulation concerning the technology 

Drones represent a revolution in the market for civil use, which will lead to a regulation of their 
use of airspace that at the moment is not the same throughout Europe. Small drone, leisure and 
commercial use, falls under Member State regulations. 

• Light drones (20/25-150 kg), used in geospatial surveying and wide-area surveillance. 
Potential to inspect pipelines and power cables, spray crops, search and rescue, control 
borders and monitor forest fires, falls under Member State regulations. 

• Large drones (>150 kg), used by the military and defence forces. Potential to carry cargo 
and passengers,  

• Civil drones with an operating mass of more than 150 kg fall under Regulation 
216/2008/EC and EASA competency, unless operated by a state agency. 

 
Some examples of legislation set by European member States:  

• In Spain, there are:  
o Royal Decree 1036/2017, of December 15, which regulates the civil use of piloted 

aircraft by remote control 
o Royal Decree 552/2014, of June 27, is modified by which the Regulation is developed 

of air and common operational provisions for air navigation services and procedures 
o Royal Decree 57/2002, of January 18, which approves the Air Traffic Regulation. 

  
• In France, there are: 

o Decree of December 17, 2015 on the use of airspace by unmanned aircraft 
o Decree of December 17, 2015 relating to the design of unmanned civil aircraft, the 

conditions of use and required capabilities of the people who use them. 

References for more information 

[1]. Drone zone web page: (https://www.dronezon.com/learn-about-drones-
quadcopters/multispectral-sensor-drones-in-farming-yield-big-benefits/) 

[2]. Chirs Hartman. 2015 in  delmarva now: 
(http://www.delmarvanow.com/story/news/local/maryland/2015/06/19/precision-
agriculture/28981979/) 

[3]. Matthew Barre, 2017 in slantrange.com: (http://blog.slantrange.com/using-agriculture-
drones-to-move-from-analog-to-digital-farming) 

[4]. Kevin Logist, 2017 in dronecommunity.biz: 
(https://www.dronecommunity.biz/fertilization-drones/) 

[5]. Michal Mazur, PwC, 2016. Six Ways Drones Are Revolutionizing Agriculture 
(https://www.technologyreview.com/s/601935/six-ways-drones-are-revolutionizing-
agriculture/9 
 

  
  

https://www.dronezon.com/learn-about-drones-quadcopters/multispectral-sensor-drones-in-farming-yield-big-benefits/
https://www.dronezon.com/learn-about-drones-quadcopters/multispectral-sensor-drones-in-farming-yield-big-benefits/
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3.8.3.6 Artificial intelligence 

Fulfilled criteria 

Artificial intelligence might solve or alleviate the lack of uniformity of the soil in the different 
areas of the farm. It will be able to improve efficiency of irrigation and fertilization and therefore, 
decrease leaching and runoff, decreasing pollution even more in Nitrate Vulnerable Zones. Also, 
it will help the farmer to acquire new technological insights of the farm that will lead him to a 
better management. 

Description of the technology and present use 

There are a lot of sectors that use artificial intelligence such us aviation, computer, education, 
finance, robots, marketing, hospital and medicine, media, telecommunication, transportation, 
etc. 

Why and how can the methodology be adopted to agriculture/horticulture? 

There exist and appear every day in the market different software products analysing a series of 
parameters obtained in the farm. It is a farming management concept based on observing, 
measuring and responding to inter and intra-field variability in crops. The practice of precision 
agriculture has been enabled by the advent of GPS. The farmer introduces them in the fertilizer 
control and by GPS location an efficient fertilization of the different parts of the farm is achieved. 
The same would happen with the irrigation and fertigation in the different blocks of the farm as 
the farmer will know which are more productive and therefore in which sectors will apply more 
or less water and fertilizer. 
 

 
Figure 32. Applications of AI in agriculture : https://www.tractoresymaquinas.com/smart-agro-nuevas-tecnologias-agrarias/ 

Technologies such as agricultural sensors, geographic information systems (GPS), driving guided 
by virtual maps or the use of drones are proprietary technologies of Smart Agro or precision 
agriculture and all this will make it easier the work of the farmers and improve their margins. All 
the information collected by the agricultural sensors is transmitted by cable from each sensor to 
a receiver or Datalogger where the information is stored and ordered and sent to a specific 
software that provides this information to the farmer in a summary and useful to manage the 
irrigation and fertilization in all the plots of your farm, since it will give different orders to the 
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computer that takes the tractor located by GPS according to the information that relies on all 
kinds of sensors, remote or not. 

Brief description of regulation concerning the technology 

• Regulation 1285/2013 of the European Parliament and of the Council of 11 December 
2013 on the implementation and exploitation of European satellite navigation systems 
and repealing Council Regulation (EC) No 876/2002 and Regulation (EC) No 683/2008 of 
the European Parliament and of the Council. 

• Proposal for a regulation of the European Parliament and of the Council on common rules 
in the field of civil aviation and establishing a European Union Aviation Safety Agency, 
and repealing Regulation (EC) No 216/2008 of the European Parliament and of the 
Council, COM/2015/0613 final - 2015/0277 (COD). 

• Directive 2014/53/EU of the European Parliament and of the Council of 16 April 2014 on 
the harmonisation of the laws of the Member States relating to the making available on 
the market of radio equipment and repealing Directive 1999/5/EC Text with EEA 
relevance, OJ L 153, 22.5.2014, p. 62–106. 

• Decision 1104/2011/EU of the European Parliament and the Council of 25 October 2011 
on the rules for access to the public regulated service provided by the global navigation 
satellite system established under the Galileo programme (OJ L 287, 4.11.2011, p. 1). 

• Roadmap for the integration of civil Remotely-Piloted Aircraft Systems into the European 
Aviation System, Final report from the European RPAS Steering Group, June 2013. 

• European Parliament Report of 25 September 2015 on safe use of remotely piloted 
aircraft systems (RPAS), commonly known as unmanned aerial vehicles (UAVs), in the 
field of civil aviation (2014/2243(INI)). 

• Directive 2009/114/EC of the European Parliament and of the Council of 16 September 
2009 amending Council Directive 87/372/EEC on the frequency bands to be reserved for 
the coordinated introduction of public pan-European cellular digital land-based mobile 
communications in the Community (Text with EEA relevance), OJ L 274, 20.10.2009, p. 
25–27. 

• European Parliament resolution of 7 June 2016 on technological solutions for sustainable 
agriculture in the EU (2015/2225(INI)). 

• Commission Regulation (EU) No 1312/2014 of 10 December 2014 amending Regulation 
(EU) No 1089/2010 implementing Directive 2007/2/EC of the European Parliament and 
of the Council as regards interoperability of spatial data services, OJ L 354, 11.12.2014, 
pp. 8–16. 

• Commission Communication of 29 February 2012 on the European Innovation 
Partnership 'Agricultural Productivity and Sustainability' (COM(2012)0079). 

• Directive 2007/2/EC of the European Parliament and of the Council of 14 March 2007 
establishing an Infrastructure for Spatial Information in the European Community 
(INSPIRE) OJ L 108, 25.4.2007, p. 1–14. 

• Council Directive 91/676/EEC of 12 December 1991 concerning the protection of waters 
against pollution caused by nitrates from agricultural sources, OJ L 375, 31.12.1991, p. 1–
8. 
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O., & Rothmund, M. (2008). Precision farming–adaptation of land use management to 
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3.8.3.7 Biotechnology 

Fulfilled criteria 

The development and use of biotechnology can improve the drought tolerance, in this way 
farmer can adapt different crops a low water available or fight with climate change, period 
without rain. 

Description of the technology and present use 

Any technological application that uses biological systems, living organisms, or derivatives 
thereof, to make or modify products or processes for specific use. A series of derived terms have 
been coined to identify several branches or applications of biotechnology: 
 
Bioinformatics is an interdisciplinary field that develops methods and software tools for 
understanding biological data. As an interdisciplinary field of science, bioinformatics combines 
Computer Science, Biology, Mathematics, and Engineering to analyse and interpret biological 
data. There are different applications of biotechnology: blue (aquatic), is the most used for the 
industries of refining and combustion principally on the production of bio-oils with 
photosynthetic micro-algae. Red (Medical and pharmaceutical), involves the production of 
vaccines and antibiotics, regenerative therapies, creation of artificial organs and new diagnostics 
of diseases. Yellow (food), for example in making wine, cheese, and beer by fermentation, it has 
also been used to refer to biotechnology applied to insects. White (industry), is mostly based on 
the application of bio-catalysis in industrial processes to synthesize products that are easily 
degradable. Green (agriculture) involves the creation of more fertile and resistant seeds, plants 
and resources by using specialized techniques.  

Why and how can the methodology be adopted to agriculture/horticulture? 

There are different examples that can explain the development of this technology, such as the 
effective recycling of nutrients in fertilisers, of compost and human waste and the search for a 
more efficient use of fertilizers through a deeper understanding of the nutrient cycle in soils and 
crops, using genetically modified (GM) technology, since for most of the developed world, and 
in the developing world, an increasing population is demanding more food. An example would 
be the selection and domestication of plants via micropropagation. Another example is the 
designing of transgenic plants to grow under specific environments in the presence (or absence) 
of chemicals. One hope is that green biotechnology might produce more environmentally 
friendly solutions than traditional industrial agriculture. 
 
GM crops with drought tolerance are under development, but few of them have reached the 
market. The complicated mechanisms of drought tolerance in plants, it is a challenge to modify 
genetically such complex, interacting metabolic systems in crops to achieve greater production 
under drought conditions, probably requiring considerable time and resolve problems of food 
security (Liang, 2016). Developing drought-tolerant crops may become a factor to maintain plant 
growth and productivity. Drought-tolerant crops can be cultured in areas where other crops 
cannot easily grow, thereby sustaining and potentially expanding the area for agricultural 
production. Although many genes have been identified that can improve drought tolerance in 
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plants and some drought-tolerant crops have been developed, progress has been rather limited 
regarding producing such crops for field condition or commercialization.  
Drought-resistant plants share a mechanism known as crassulacean acid metabolism, or CAM, 
which allows them to survive despite low levels of water. 
 
CAM is essentially a form of photosynthesis in which the pores in a plant’s leaves only open to 
let in carbon dioxide at night. During the day, when the sun is out, the pores remain closed in 
order to prevent water escaping through them. This means they are better able to tolerate dry 
conditions. 
 
"CAM is a proven mechanism for increasing water-use efficiency in plants as we reveal the 
building blocks that make up CAM photosynthesis, we will be able to bioengineer the metabolic 
processes of water-heavy crops such as rice, wheat, soybeans and poplar to accelerate their 
adaptation to water-limited environments,” said Dr Xiaohan Yang, a plant biologist at the US 
Department of Energy’s Oak Ridge National Laboratory and co-author of the recent study (Yang 
et al 2017). 

 
Figure 33. Scheme of genetic modification: http://www.assignmentpoint.com/science/chemistry/genetically-modified-

crops.html 

This is a subject that arouses much controversy, since it can produce risks for the health, for the 
environment and will equally generate a decrease of the workforce in the field and will need 
many resources on the part of the farmers in the adoption of this technology. 

Brief description of regulation concerning the technology 

• Directive 2001/18/EC of the European Parliament and of the Council of 12 March 2001 
on the deliberate release into the environment of genetically modified organisms and 
repealing Council Directive 90/220/EEC. Official Journal of the European Communities L 
106, 17.4.2001, p. 1.  

• Council Directive 90/220/EEC of 23 April 1990 on the deliberate release into the 
environment of genetically modified organisms. Official Journal of the European 
Communities L117, p. 15–27. 

• Regulation (EC) No. 1829/2003 of the European Parliament and of the Council of 22 
September 2003 on genetically modified food and feed. Official Journal of the European 
Communities L268, 18.10.2003, p. 1–23. 
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• Regulation (EC) No 1830/2003 of the European Parliament and of the Council of 22 
September 2003 concerning the traceability and labeling of genetically modified 
organisms and the traceability of food and feed products produced from genetically 
modified organisms and amending Directive 2001/18/EC. Official Journal of the European 
Communities L268/24, 18.10.2003 p. 24. 

• Commission Regulation (EC) 65/2004 of 14 January 2004 establishing a system for the 
development and assignment of unique identifiers for GMOs. OJ L 10, 16.1.2004, p. 5–1.  

• European Commission (2004). Commission recommendation 2004/787/ EC of 4 October 
2004 on technical guidance for sampling and detection of genetically modified organisms 
and material produced from genetically modified organisms as or in products the context 
of Regulation (EC) No. 1830/2003. Official Journal of European Union, L348, 18–26. 

• Commission Implementing Regulation 208/2013 of 11 March 2013 on traceability 
requirements for sprouts and seeds intended for the production of sprouts. (Text with 
EEA relevance) OJ L 68, 12.3.2013, p. 16–18. 

• Commission Implementing Regulation 931/2011 of 19 September 2011 on the 
traceability requirements set by Regulation (EC) No 178/2002 of the European Parliament 
and of the Council for food of animal origin. (Text with EEA relevance) OJ L 242, 20.9.2011, 
p. 2–3. 
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3.9 Fertigation management - Nutrient management  

3.9.1 Summary of bottlenecks and gaps 

 
Growers are changing the use of fertilizers in agriculture. In the past, the growers used more and 
more fertilizer, thinking that this would increase production, not knowing the real effect on 
growth and not realizing the effect on the environment. Also, often the origin of the fertilizers is 
not known. 
 
With the change to the most efficient irrigation systems and the legislation on their use, 
fertilizations and their management are carried out more in accordance with the new demands, 
knowing a fertilization balance in soil and plant, adjusting a fertilizer doses in function with the 
plant needs in each phenologic phase significant improvements can be made.  Some of the 
bottlenecks do not have an easy solution such as Nitrate Vulnerable Zones. Others, such as an 
education in agronomic knowledge, training of the grower and changing his ideas regarding 
fertilization practices, can be saved. Likewise, the use of decision support systems (DSSs) will 
permit identify crop fertilizer extraction and sensors will permit adjusting the fertilization 
scheduling during the crop cycle identifying the crop nutritional status and make corrections. 
These systems are still expensive and in a lot of cases are not adapt to all crops. They should be 
more accessible to growers and they help him to make decisions. 
 
An overview of the main bottlenecks and gaps in relation to the irrigation management of water, 
based at the outcomes of task 4.1, described in Deliverable D 4.1 is given in Table 19. 

Table 18. Summarizes the main bottleneck at the fertigation management. 

Bottleneck Explanation Specific demands 

Suitable fertiliser 
recommendation schemes 
and/or decision support 
systems are not available 
for given local conditions 

Comprehensive schemes have 
been developed for 
countries/regions such as 
Germany, the Netherlands, 
Flanders, and the UK. However, 
many regions particularly in 
southern and eastern Europe do 
not have schemes. 

The development for different 
agricultural zones or specific 
crops, by the administration or by 
the companies that sell these 
technologies. System is difficult 
for farmers uses, needs a lot of 
data and information about crops 
status, fertilization doses, 
mineralization, water balance,...) 

Traditional crop monitoring 
techniques such as sap 
analysis require local 
verified reference values 
and optical sensor 
technologies (reflectance, 
chlorophyll meters, 
fluorescence), require more 
development for practical 
use in horticulture 

A serious research program 
dealing with different crops and 
nutrients in a given region, or 
alternatively, a co-ordinated 
research program is required. The 
waiting time for the analysis’ 
results is often longer than the 
timeframe to make the decision.  
Calibration of optical sensors is 
required for cultivation and 
varieties 

A serious research program 
dealing with crops in a given 
region or a co-ordinated research 
program.  
 
Calibration is required for 
cultivation and varieties. 
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Bottleneck Explanation Specific demands 

Heterogeneity of the soil at 
field or farm scale  

Heterogeneous soils are an 
obstacle for homogeneous 
fertigation.  

Encourage the use of these new 
technologies for measuring 
spatial variability of soils by 
technicians and companies 
related to technical advice. This 
will help the farmer to monitor 
his plot in order to carry out an 
efficient management of 
fertilization and irrigation. 

Deficiencies in the 
fertigation system and 
equipment 

Deficiencies of the fertigation 
system and/or equipment stand 
in the way of efficient fertigation 
planning and managing. 

Aid from the authorities to the 
farmer so he can solve these 
deficiencies. 

Nitrate Vulnerable Zones On having limited the 
maximum N doses, knows the 
balance of N in the soil (Inputs 
and outputs) it is important for 
the farmer in order to make 
the fertigation more efficient 
and avoid a yield loss. 

Know the needs of the crop at 
each moment of its phenological 
stage and adapt the application 
of fertilizers to each type of soil, 
irrigation system and crop 
development. 

 

3.9.2 Definition of criteria for new solution 

A correct fertilization is the correct supply of fertilizers at the right time that leads to good crop 
nutrition. In order to achieve an efficient fertilization and optimum nutrition of the plant, the 
fertilization must be planned, knowing the nutrients that are contribute to the crop development 
at the set time; crops needs in each phenologic moment. Best fertilisation practices imply the 
four principles: correct source, dose, moment and place. 

3.9.3 Innovative solutions from other sectors 

There are innovative solutions from other sectors that could improve the characteristics of 
fertilizers as well as their use and their management. Some of them could join the existing 
technologies that help to solve the obstacles and avoid gaps. There are many that are already 
developed but that are improved every day. 
 
In the last years, tests with a number of new technologies have been carried out in horticulture 
and therefor these technologies are also described in Chapter 10 of the Fertigation Bible. But as 
these technologies are still rather unknown in horticulture and very little applied in practice and 
these are described in this deliverable. 
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Among these innovative technologies we have: 

Table 19. Innovative technologies for optimize fertigation management. 

Innovative technologies Effect on Gaps  

Big data It helps farmer to gain new insights regarding the farm and fertigation 
management. In this way, a more efficient fertilisation can be 
achieved and costs for water and nutrients might be reduced.  
Big data can as well support the development of recommendation 
schemes and DSS for a broader range of zones and crops. 

Nanotechnology Avoiding fertiliser loss through runoff and leaching. It will reduce 
costs, decrease pollution being more environment friendly. 

Computing App's develop recommender schemes adapted to each region, which 
will support more efficient fertilization and, therefore avoid 
overfertilisation. Savings on fertilisers can be made.  

Biotechnology  This technology can increase the efficiency of fertilizations, saving 
money to the farmer and at the same time avoiding leaching. 

3.9.3.1 Big data 

Fulfilled criteria 

Big data can support the development of fertilization recommendation schemes for a broader 
range of zones and crops. These schemes will help growers to apply a more efficient fertilisation 
in the area that he finds and will help him to reduce costs, increase yields and be more friendly 
with the environment, will avoid excesses that lead to leaching or runoff. Big data could support 
the development of decision support systems in accordance with the local conditions. The 
collection and use of local data, such as data obtained through optical sensors, will create new 
local references.   

Description of the technology and present use 

Big data refers to data sets that are so voluminous and complex that traditional data processing 
application software are inadequate to process them. Big data challenges include capturing data, 
data storage, data analysis, search, sharing, transfer, visualization, querying, updating, 
information privacy and data source. The term "big data" tends to refer to the use of predictive 
analytics, user behaviour analytics, or certain other advanced data analytics methods that extract 
value from data, and seldom to a particular size of data set, that is, it is a tool to process a large 
volume of data and how many more, easier to find patterns with them. There are five dimensions 
to big data known as Volume, Variety, Velocity and the recently added Veracity and Value. 
Among the sectors that are using this technology are: finance, telecommunications, media, retail, 
health, manufacturing, logistics, education, tourism, advertising, IoT, etc. 

Why and how can the methodology be adopted to agriculture/horticulture? 

Big data uses a series of algorithms that will allow voluminous and complex data sets to be 
processed. This will support the development of new tools that will help the farmer to make the 
most opportune decisions about their irrigation and fertilisation. Also, all these data can provide 
information for decision support algorithms related to the start of automatic irrigation 
programming or manual irrigation scheduling. 
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Figure 34. (a) Agriculture based on big data: http://www.agronewscastillayleon.com/macrodatos-la-nueva-revolucion-verde-

jose-luis-miguel-coag. /b): Data interconnection 
scheme:https://www.sciencedirect.com/science/article/pii/S0168169917304155 

Brief description of regulation concerning the technology 

• Regulation (EU) 2016/679 of the European Parliament and of the Council of 27 April 2016 
on the protection of natural persons with regard to the processing of personal data and 
on the free movement of such data, and repealing Directive 95/46/EC (General Data 
Protection Regulation) 

• In May 2018, a new General Data Protection Regulation (GDPR) will replace Directive 
95/46, consolidating and innovating data protection rules. 

• Electronic Communications Framework Directive - 2002/21/EC). 

References for more information 

[1]. Guy Sela. Fertilizer Optimation - Combining Recheard and Big Data (http://www.smart-
fertilizer.com/articles/research-and-big-data) 

[2]. Guy Sela. Big Data Analytic and Fertilizer Management (http://www.smart-
fertilizer.com/articles/Digital-ag-and-big-data) 

[3]. Guy Sela. 2017. The Future of Maximizing Yields: Combining Research and Big Data to 
Optimize Fertilization (https://www.maximumyield.com/the-future-of-maximizing-
yields-combining-research-and-big-data-to-optimize-fertilization/2/2836) 

[4]. Sonny Rasmaswamy. National Institute of Food and Agriculture (USDA). Big Data and 
The Future of Agriculture 
(https://nifa.usda.gov/sites/default/files/resource/Big_Data_Agriculture_Future.pdf) 

 
  
  

a) 
b) 
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3.9.3.2 Nanotechnology 

Fulfilled criteria 

With its development and use it will be able to help solve some problems in the efficiency of 
fertilization, a decrease in leaching and runoff, decreasing pollution But the price should go down 
with respect to conventional fertilizer with the increase in technology and its use, as it is now 
very expensive. 

Description of the technology and present use 

Nanotechnology is manipulation of matter on an atomic, molecular, and supramolecular scale. 
Nanotechnology is recognised by the European Commission as one of its six “Key Enabling 
Technologies” that contribute to sustainable competitiveness and growth in several industrial 
sectors (Parisi et al., 2015). It is a technology that is being used in electronics, in environment 
and computing and solar energy and building and even in medicine and in drugs. 

Why and how can the methodology be adopted to agriculture/horticulture? 

Specifically, in agriculture, technical innovation is important to address global challenges such as 
population growth, climate change and the limited availability of important plant nutrients such 
as phosphorus and potassium. Nanotechnology applied to agricultural production could play a 
fundamental role for this purpose and research on agricultural applications is ongoing for largely 
a decade by now. This also touches on the issue of nanotechnology in developing countries. A 
recent “Workshop on Nanotechnology for the agricultural sector: from research to the field”, 
held on November 21-22 2013, reviewed the state-of-the-art of R&D of nanotechnology for the 
agricultural sector and analysed possible markets and commercial pipeline of products (Michael 
Berger, 2014).  
 
Nano-sensors as well as the use of nano-fertilizers will allow the use of nano-structures that can 
be applied to plants through soil irrigation or sprayed on their leaves. Studies suggest that the 
application of nanoparticles on the leaves of the plant is especially beneficial for the 
environment, since they do not get in contact with the soil. Since the particles are extremely 
small, plants can absorb them more efficiently through the soil and control the speed of nutrient 
release so only those that the plant consumes will be released, increasing the better assimilation 
of nutrients and even greater efficacy in pesticide treatments. More information in (Parisi et al., 
2015) 
 
For example, the importance of nitrogenous nutrition for crops and the high concentration of N 
in urea (46%) have transformed this product into the main source for the production of fertilizers 
of enhanced effectiveness and intelligent release. Urea derivatives and coated urea are the heart 
of many products that belong to the SCRSF fertilizer group. By using them, the accumulation of 
nitrates in vegetables is reduced, which has a very important impact on health. Advanced 
nitrogen fertilizers have implemented several mechanisms to control the release of nitrogen, the 
main mechanisms used are: 
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Mechanisms of slow and controlled release, achieved through: 
• Slow hydrolysis of water soluble compounds of low molecular weight. Solubility 

controlled by semipermeable coatings, occlusion, protein materials and other chemical 
forms. 

• Nitrification inhibitors: substances that prevent the biological oxidation of ammoniac 
nitrogen in nitric nitrogen. These nitrification inhibitors slow down the biological process 
by keeping part of the ammoniac nitrogen in the form of ammonium feeding the plant in 
a mixed ammonium-nitrate form, increasing productive yields and minimizing nitrogen 
losses, improving qualitative production parameters. These inhibitors are chemical 
compounds such as Nitrapyrin, Dicyanamide (DCD), 3,4 dimethyl pyrazole phosphate 
(DMPP), which temporarily disable the action of the bacteria nitrosomonas spp. Avoiding 
the ammonium NH4 *, transforming into NO2- and finally into nitrate, with which less 
nitrate accumulates in the soil; these are degraded over time in the soil, thanks to soil 
temperature, moisture content, pH and amount of organic matter. 

• Urease inhibitors: substances that inhibit the hydrolytic action in urea by the enzyme 
urease. 
 

 
Figure 35. Structure and mode of action of controlled release fertilizers 

Brief description of regulation concerning the technology 

• Commission Recommendation 2011/696/EU of 18 October 2011 on the definition of 
nanomaterial, providing for the first time a clear definition of nanomaterials, applicable 
to future legislation that may describe regulations for product labelling, testing and 
controls. 

• Regulation (EC) No 1907/2006 of the EP and of the Council of 18 December 2006 
concerning the registration, evaluation, authorisation and restriction of chemicals. 

• Regulation (EC) No 1272/2008 on Classification, Labelling and Packaging (CLP) of 
dangerous substances and mixtures entered into force on 20 January 2009. 

• Regulation No 178/2002: general food safety framework, based on the precautionary 
principle (no specific mention of nanomaterials). 

• Regulation No 1333/2008 on Food Additives, introducing a positive list for authorised 
substances. 

• Regulation 1169/2011: Food information to consumers (FIC), covering all foods. 
• Regulation (EU) No 528/2012 on biocide products (BPR). Approval of active substances 

and marketing authorisation of products. 
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3.9.3.3 Computing 

Fulfilled criteria 

Nowadays, the use of smartphones and apps is well established, also amongst farmers. The 
recent apps are user-friendly. In the agricultural sector, apps are developed to recommend 
fertilisation adapted to each region. Implementation of these apps can avoid over-fertilization 
and support more efficient fertilisation practices. Also apps could support the growers’ 
awareness of the location of the Nitrate Vulnerable Zones and the maximum levels of 
nitrogenous fertilization in these zones. The platforms and apps will enable and protect 
stakeholders’ access and information; automate the development and analysis of massive data; 
and develop, reveal, and manage the potential cost and revenues of these decision.  

Description of the technology and present use 

An app is a software application designed to run on smartphones and other mobile devices. 
Today, all sectors use app's and they are constantly improving, making them safer and more 
reliable. App’s are generally applied in sectors such as finance, telecommunications, retail sales, 
entertainment, transportation, medicine, etc.  

Why and how can the methodology be adopted to agriculture/horticulture? 

Every day, improvements are made for agricultural app's related to fertilisation of crops. These 
apps are very practical for the farmers who carries his field notebook on the mobile phone. Many 
of the apps are free, so they could save EU farmers time and money. 
 
To use an app on fertilisation, it will allow to realize, quickly and safely, fertilisation 
recommendations on a wide range of crops in different types of soil. To this end, the existing 
information on the parameters related to fertility, soil nutrition and crops has been collected, 
turned to a software that makes a balance between what is contributed by the soil, the demand 
of the crop for a certain yield, the quality of the soil and the cultural practices carried out 
 

 
Figure 36. Agricultural app: https://www.lmkt.com/lmkt-to-launch-agri-assistant-mobile-application-for-improving-farmer-
welfare-in-punjab/ 
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 With all these data, the program reports the amount of nutrients, which must be incorporated 
into the soil to obtain the desired crop. Being a simple, fast and efficient system that by means 
of the suitable monitoring of the obtained harvests it allows to adjust year to year the 
incorporation of the necessary nutrients to optimize the fertilization of the crops. 

Brief description of regulation concerning the technology 

No legislation has been found concerning this issue. 

References: 

[1]. Haifa’s FoliMatch (http://www.haifa-
group.com/knowledge_center/expert_sofwares/agriculture_apps/#{EE8280ED-F302-
4175-AACC-5B6635B84077} 

[2]. Nutrient Stewardship web page 
(http://www.nutrientstewardship.com/implementation/split-fertilizer-application-
helps-optimize-nutrient-management/) 

[3]. Smart-fertilizer management web page (http://www.smart-fertilizer.com/) 
 
  
  

http://www.haifa-group.com/knowledge_center/expert_sofwares/agriculture_apps/#{EE8280ED-F302-4175-AACC-5B6635B84077}
http://www.haifa-group.com/knowledge_center/expert_sofwares/agriculture_apps/#{EE8280ED-F302-4175-AACC-5B6635B84077}
http://www.haifa-group.com/knowledge_center/expert_sofwares/agriculture_apps/#{EE8280ED-F302-4175-AACC-5B6635B84077}
http://www.nutrientstewardship.com/implementation/split-fertilizer-application-helps-optimize-nutrient-management/
http://www.nutrientstewardship.com/implementation/split-fertilizer-application-helps-optimize-nutrient-management/
http://www.smart-fertilizer.com/
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3.9.3.4 Biotechnology (Molecular biology) 

Fulfilled criteria 

In the era of molecular biology, there are high necessity and feasibility to apply the gene 
information to agricultural production. People can use genetic information to observe or monitor 
the growth status of crops and provide guidelines for the field management, by which we can 
improve the efficiency of agricultural measures such as fertilization and irrigation, and regulate 
the maturity and growth habits and other important growth process of crop. 

Description of the technology and present use 

Any technological application that uses biological systems, living organisms, or derivatives 
thereof, to make or modify products or processes for specific use. A series of derived terms have 
been coined to identify several branches or applications of biotechnology (more information in 
3.7.3.1)  

Why and how can the methodology be adopted to agriculture/horticulture? 

With the development of molecular biology, some DNA-based technologies have showed great 
potentiality in promoting the efficiency of crop breeding program, protecting germplasm 
resources, improving the quality and outputs of agricultural products, and protecting the eco-
environment etc., making their roles in modern agriculture more and more important.  
The expression of gene is always earlier than the appearance of phenotype, so monitor and 
diagnose the growth and development status of crops at gene level makes it possible to predict 
the unfavourable change or harm before it happens, and take remedial measures in advance 
(Figure 9-41).  

 
Figure 37. The model of gene expression information for depiction of plant growth status 

Modern DNA technology makes it possible for people to understand the effect of fertilization 
promoting plant growth and development at the molecular level. The use of genetic information 
not only can accurately clarify the influence of fertilization on crop growth; also, can more 
accurately assess the use efficiency of fertilizer, such as foliar and soil fertilizer, the fertility of 
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different fertilizer and so on (Fang et al 2016). Gene expression information can reflect the 
metabolism and transport of fertilizer in crop, user can obtain the gene information on the 
response of crops in different kinds and concentration of fertilizer in different growth periods 
(Yang et al 2011). Scientific can establish reasonable fertilization measures in different growth 
stages, such as the period of fertilization, the type of fertilization and the amount of fertilizer. 
These measures will greatly save fertilizer dosage, reduced investment in agriculture, increased 
the income of farmers, and reduced the environmental pollution (Fang et al 2016).  
 
Crop cultivation along with many farming operations, each farming operation will cause the 
corresponding changes in gene expression at the DNA level, the usage of DNA technology to 
detect such changes at the molecular level can help us to understand regulation mechanism of 
farming operation on crop growth and development (Tenea et al., 2012). Hence, there is a need 
to generate genome-wide expression data from a range of tissues/ developmental stages in 
order to understand and relate phenotypic traits and gene expression profiles. And data at the 
transcriptome and epigenome level can contribute greatly to the application of gene information 
in agriculture (Yang et al 2013). 

Brief description of regulation concerning the technology 

See point 3.7.3.7 

References for more information 

[1]. Fang, J., Zhu, X., Wang, C., & Shangguan, L. 2016. Applications of DNA Technologies in 
Agriculture. Current genomics, 17(4), 379-86. 

[2]. Yang X.S., Wu J., Ziegler T.E., Yang X., Zayed A., Rajani M.S., Zhou D., Basra A.S., 
Schachtman D.P., Peng M., Armstrong C.L., Caldo R.A., Morrell J.A., Lacy M., Staub J.M. 
2011. Gene expression biomarkers provide sensitive indicators of in planta nitrogen 
status in maize. Plant Physiol;157(4):1841–1852.  

[3]. Yang X.Y., Wang F.F., Teixeira da Silva J.A., Zhong J., Liu Y.Z., Peng S.A. 2013. Branch 
girdling at fruit green mature stage affects fruit ascorbic acid contents and expression of 
genes involved in l-galactose pathway in citrus. N. Z. J. Crop Hortic. Sci.;41(1):23–31. 
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3.10    Limiting environmental impact - Nutrient removal and recovery 

3.10.1 Summary of bottlenecks and gaps 

 
Regarding the technologies described in the section “Limiting environmental impact- Nutrient 
removal and recovery” some technological, regulatory and social bottlenecks were found, which 
led to gaps. Table 10-1 summarizes the bottlenecks. 
 
Table 20. Specific bottlenecks of nutrient removal and recovery technologies. 

Specific Bottlenecks  Description 

Duckweed production in open 
air is sensitive to damage by 
wind, but also by insects and 
aphids.  

The waterlily aphid Rhopalosiphum nymphaeae can harm duckweed. 
The fungus Milothecium, which is a parasite of the water fern Azolla, 
can also be harmful for duckweed. A closed cultivation system can 
avoid these problems, but brings high costs with it. 

Risk of unwanted pests for the 
crops 

Moving bed biofilm reactor (MBBR), growers might not want what is 
essentially a growing pot for microbes close to their production out 
of fear that it might be a breeding ground for unwanted pests. 

Low phosphorus concentrations 
of drain water. 

The application of Electrochemical Phosphorus precipitation (ePhos®) 
on drain water would be not cost-effective because the low P-
concentration (< 80 mg/l) and its variability during the year. Therefore 
concentrating phosphorus technologies combined with ePhos® 
should be implemented. 

Legal barriers to sell the 
recovered fertilizers. 

Electrochemical Phosphorus precipitation (ePhos®) combined with  
ion exchange recovers P in form of struvite, however, the regulation 
for the use of recovered P-salts is not uniform in all European 
countries.  

Some technologies can remove 
nutrients but no recover them, 
it implies generation of 
additional waste streams (by 
products) 

Adsorption media for Phosphorus only removes Phosphorus but this 
is not recovered. Further research is necessary to study the possibility 
of the reuse of the phosphate saturated iron grains as a fertilizer for 
plants. The same occur with the use of wetlands and use of Lemna 
Minor/Lemna Major, phosphorus is removed but no recovered. 

Efficiency in nutrients removal 
of constructed wetlands is low 
compared to other 
technologies. 

Constructed wetlands are less efficient than other biological 
techniques used for drain water disinfection, such as bio filtration. 
This technology is rather used to remove excess of nutrients; 
therefore, users could prefer to use other technologies. 

Limitations of space at grower´s 
facilities for implementation of 
wetlands 

A good dimensioning of the basin is needed to ensure a good efficacy. 
The ground coverage of a constructed wetland may inhibit the 
development of this technique because growers are sometimes 
limited in space around their farm. 

 
Legal barriers to sell the recovered fertilizers are bottlenecks that can be solved mainly at a 
regulatory level and this is an issue that concerns many of the nutrient recovery technologies. 
However, in countries like Netherlands, Denmark and Flanders (Belgium) there are currently 
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special authorizations of struvite use as fertilizer. In addition, in countries like Germany, 
successful study cases such us the Berliner Wasser Betrieb Process have demonstrated the 
possibility of nutrients recovery and its market potential. A better description of this and other 
technologies is included lines below. 
 
In addition, some technological bottlenecks require the adaptation of the technologies to the 
field of horticulture, this is the case of ePhos®, where a phosphorus concentrating technology 
can fill the gap of low phosphorus concentration. In other cases, the bottlenecks associated to 
the technologies cannot be immediately solved and they need further research.   

3.10.2 Definition of specific criteria for new solutions 

New solutions to remove and recover nutrients from wastewater were investigated. Most of 
them come from the municipal and industrial wastewater treatment sector and were selected 
based on the following criteria: 
 

- Technology readiness level (TRL) 
The technologies listed below were at Level 6 – Prototype system verified or above. Level 
6 means that the technology was demonstrated in a relevant environment that simulates 
real conditions. 

- Cost effectiveness 
In general, as mentioned in the section 3.10 Optimizing water quality – nutrients, the 
demanded capacity is rather low, for that reason systems should also be economically 
feasible at small scale. 

 
- Nutrients removal and recovery efficiency 

The system should have a high removal and recovery efficiency of one or more nutrients. 
The efficiencies should not be lower than 80%. 

 
- Low risk of cross contamination  

The technology should not represent a risk of unwanted pests for the crops. 
 

- Space requirements 
Limitations of space at grower´s facilities is usually a common situation in horticulture.  
Therefore, the technology should not require large areas for its implementation. 

3.10.3 Innovative solutions from other sectors 

This section is divided in two parts; first, a close look to alternative technologies for the 
concentrating of phosphorus as a pre-step to nutrients recovery process is presented. After that, 
section two describes alternative nutrient recovery technologies and successful case studies 
from other sectors, especially from the wastewater treatment sector and industry.  
 
A number of these technologies are also described in Chapter 3.3. , as they are also applied for 
the removal of nutrients for process water production and for closing the water cycle. 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&cad=rja&uact=8&ved=2ahUKEwj56dGLrpfeAhUJNhoKHU6PDbAQFjADegQICxAC&url=https%3A%2F%2Fec.europa.eu%2Fresearch%2Fparticipants%2Fdata%2Fref%2Fh2020%2Fwp%2F2014_2015%2Fannexes%2Fh2020-wp1415-annex-g-trl_en.pdf&usg=AOvVaw0oVjgTM1Ln6OxivlksYaYI
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Table 21. Innovative technologies for nutrient removal and recovery. 

Innovative technologies Effect on Gaps  
Alternative technologies for the concentrating of phosphorus prior nutrients recovery 
Electro-dialyses (ED) Precipitation of the phosphorus takes place in this process, 

what may cause fouling in the system or at the membranes 

Capacitive deionization (CDI)   Efficient and economic technologies for desalination of low 
concentrated streams 

Nanofiltration (NF)   It does not represent a risk of cross contaminations and it does 
not require large areas for the equipment 

Electromembrane filtration 
(EMF)   

It does not represent a risk of cross contaminations and it does 
not require large areas for the equipment 

Forward Osmosis (FO)   Presents lower fouling propensity compared to traditional 
pressure-driven membrane processes 

Alternative technologies for the recovery of nutrients 
Struvite precipitation by adding 
magnesium chloride 

The phosphorus removal and recovery efficiency lays between 
85 and 97% 

Nitrification and denitrification Reduces the inflow of reactive nitrogen into surface waters up 
to more or less 90%. 

Ammonium recovery with the 
use of contactor membranes 

Nitrogen removal efficiency reached valued higher than 90%. 

The 1-STEP® filter Phosphates can be removed up to 90% and nitrates up to 89%. 
The process does not represent a risk of cross contamination 
for other crops and its compact design made the technology 
adequate for greenhouses with space´s restrictions 

Ad 1. Alternative technologies for the concentrating of phosphorus prior nutrients recovery 

In general, for pre-concentrating technologies a problem can be that precipitation of the 
phosphorus takes place in this process, what may cause fouling in the system or at the 
membranes.  
 
As mentioned in the chapter 2.2 Optimizing water quality - nutrients, a pre-treatment is usually 
applied to prevent or control the fouling of membrane systems.  Which pre-treatment steps are 
needed strongly depends on the type of membrane system and the water source. In some cases, 
only a pH correction is needed to prevent the precipitation of salts. In other cases, a combination 
of filtration steps are applied, varying from a course filtration to remove particles, to micro- or 
ultrafiltration to prevent organic fouling.  

3.10.3.1 Electro-dialyses (ED) 

Fulfilled criteria 

Many applications of Electro-dialyses (ED) can be found worldwide and different suppliers offer 
the technology. Desalting process is applied mainly to brackish water process, tertiary 
wastewater production and specific industrial applications, ranging from mining to 
pharmaceutical and food & beverages industries. Therefore, the technology fulfils the TRL 9. It 
does not represent a risk of cross contaminations and it does not require large areas for the 
equipment. Regarding phosphorus removal from wastewater sludge liquid discharge, a previous 
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study conducted at lab scale achieved a desalination rate from 96.01 to 98.99 % (Červenková1 
et al., 2007). 

Description of the technology and present use 

See also chapter 3.3. 
The technology has been widely explored to remove contaminants from wastewater and to 
purify water (A. Moura Bernardes et al., 2014). In addition, its application for the nutrients 
recovery field has also being investigated, specifically as a pre phosphorus concentration 
technique (Zhang et al., 2013; Červenková1 et al., 2007; Kim et al., 2007) 
For example, it has been applied for the recovery of phosphorus from wastewater sludge liquid 
discharge (Červenková1 et al., 2007).  In the study conducted at the VSB technical university of 
Ostrava, the liquid discharge from a wastewater treatment plant with a capacity over 100 000 EP 
(equivalent population) was pre-treated by means of pressure filtration and later treated with 
ED. The ED module consisted of regularly alternating cation and anionic membranes, which were 
separated by polyethylene separators. A complete explanation of the operational principle of ED 
is included in section 3.10. 
 
The results showed that the ED process was an effective method for phosphorus removal from 
liquid discharge. In effect, phosphorus was transferred into the concentrate, where phosphorus 
was concentrated to 673.6 mg/l from the original value of 79.87 mg/l.  

Why and how can the methodology be adopted to the agriculture/ horticulture? 

As mentioned in section 3.3 of this document, in horticulture, the technology has been tested 
only at pilot scale under strained conditions for the removal of monovalent ions. However, the 
technology has not been used as a pre concentrating technique in horticulture. 
In horticulture, the technology can be used to concentrate the nutrients such as phosphates and 
later this enriched concentrate may be further processed by means of ePhos® technology. 
ePhos® is an electrochemical phosphorus precipitation process that recovers phosphates in the 
form of salts such as magnesium ammonium phosphate (struvite) or magnesium phosphates.  

Brief description of regulation concerning the technology 

There are no specific regulations concerning the use of ED.  except for the discharge of 
concentrates. The treated water should comply with the discharge limits. 

References: 

[1]. Červenková1, M; Chromíková1,J; Heviánková1,S and Wranová1,Z .2007. 1VSB-Technical 
University of Ostrava, Faculty of Mining and Geology, Institute of Environmental 
Engineering. IOP Conf. Ser.: Earth Environ. Sci. 92 012007. Czech Republic 

[2]. Kim, JO; Jung, JT; Chung,J .2007. Treatment performance of metal membrane 
microfiltration and electrodialysis integrated system for wastewater reclamation. 
Desalination 202:343–350.doi:10.1016/j.desal.2005.12.073 

[3]. Zhang,Y; Desmidt,E; Van Looveren,A; Pinoy,L; Meesschaert,B and  Van der Bruggen,B. 
2013. Separation and Recovery from Wastewater by Novel Electrodialysis. Environ. Sci. 
Technol., 2013, 47 (11), pp 5888–5895.  
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3.10.3.2 Capacitive deionization (CDI)   

Fulfilled criteria 

CDI Capacitive deionization (CDI) is regarded as an efficient and economic technology for 
desalination of low concentrated streams and it is currently commercialized (TRL 9). However, 
the phosphate removal capabilities of CDI continue being subject of study, for example, Huang 
et al. (2013) used a commercial CDI unit to treat phosphate wastewater obtaining a phosphate 
removal between 81.5 and 86.5%. No risk of cross contamination has been identified and it does 
not require large areas for the equipment. Fouling of the electrodes can be a problem. 

Description of the technology and present use 

CDI is an emerging technology for the facile removal of charged ionic species from aqueous 
solution (Suss et al., 2015). The technology is based on ion electrosorption at the surface of a 
pair of electrically charged electrodes, commonly composed of highly porous carbon materials 
(Suss et al. 2015). A voltage difference is applied between the two electrodes (forming a 
capacitor), ions are absorbed in the pores of the carbon electrodes and as a result, the effluent 
comprises of desalinated water containing no or at least a very low level of electrolytes (Zhao, 
2013). Turning off the potential between the electrodes releases the electrode-stored ions 
producing a highly concentrated effluent (Zhao, 2013). 
 

 
Figure 38. Capacitive deionization schema. Source: Zhao, 2013. 

According to (Suss et al., 2015) the most widely investigated application for capacitive 
deionization (CDI) is the desalination of brackish waters towards the production of potable or 
agricultural water and the treatment of cooling water.  

Why and how can the methodology be adopted to the agriculture/ horticulture? 

It is expected that the use of CDI cells as an electrosorption platform to selectively remove 
various charged species (ions, small organic molecules) from electrolytes will be a significant part 
of future efforts in this field. In addition, as mentioned before, the phosphorus removal results 
with the use of CDI show the potential of this technology in the field of horticulture.  

Brief description of regulation concerning the technology 

There are no specific regulations concerning the use of CDI, except for the discharge of 
concentrates.  
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3.10.3.3 Nanofiltration (NF)   

Fulfilled criteria 

NF is currently commercialized (TRL 9). It does not represent a risk of cross contaminations and 
it does not require large areas for the equipment.  

Description of the technology and present use 

NF is the most recently developed pressure-driven membrane process for liquid-phase 
separations. The properties of NF membranes allow ions to be separated by a combination of 
the size and electrical effects of ultra-filtration and the ion interaction mechanisms of reverse 
osmosis (Bowen and Welfoot, 2002, as cited in Schon et al., 2013).  
 
The size of pores in NF membranes (nominally 1 nm) is such that even small and charged solutes 
are highly rejected while the surface electrostatic properties allow monovalent ions to be 
reasonably well transmitted with multivalent ions mostly retained. These characteristics make 
NF membranes extremely useful in the fractionation and selective removal of solutes from 
complex process streams (Schon et al., 2013).  
 
The development of NF technology as a viable process over recent years has led to a remarkable 
increase in its application in a number of industries such as treatment of pulp-bleaching effluents 
from the textile industry, separation of pharmaceuticals from fermentation broths, 
demineralization in the dairy industry, and metal recovery from wastewater and virus removal 
(Bowen et al., 2002, as cited in Schon et al., 2013).  In the NF of surface waters, natural organic 
compounds, which have relatively large molecules compared to membrane pore size, could be 
removed by sieving mechanism, whereas the inorganic salts by the charge effect of the 
membranes and ions (Thanuttamavong et al., 2001, 2002, as cited in Schon et al., 2013).  

Why and how can the methodology be adopted to the agriculture/ horticulture? 

Regarding nutrients recovery, in 2016, Thong et al. fabricated a NF membrane that was desirable 
for phosphorus recovery. Up to 90% of the feed phosphorus may be recovered using this newly 
developed NF membrane at a permeate recovery of 90% (Thong et al., 2016).  

Brief description of regulation concerning the technology 

There are no specific regulations concerning the use of NF, except for the discharge of 
concentrates. 

References: 
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3.10.3.4 Electro-membrane filtration (EMF)   

Fulfilled criteria 

EMF is mainly used in the food and biotechnology industries (TRL 9), however, it is currently not 
widely commercialized. It does not represent a risk of cross contaminations and it does not 
require large areas for the equipment. The recovered concentrate can be further used to produce 
fertilizers with ePhos® technology. 

Description of the technology and present use 

In EMF, the material separation in the electric field is combined with membrane filtration. A 
reactor is divided into two chambers – the retentate compartment and the permeate 
compartment – using a conventional filtration membrane (e.g. microfiltration, ultrafiltration or 
nanofiltration) to allow the transport of components of larger size larger size from the feed to 
the permeate (e.g., peptides) than usually achieved by electrodialysis (Bargeman, Houwing, 
Recio, Koops, & van der Horst, 2002). 
 
The driving gradient for the material transport across the membrane can be generated both by 
the transmembrane pressure and by the electric field applied. This permits separation both on 
the basis of the electric charge and the particle size. As a result, for example, a significantly higher 
degree of selectivity combined with a lower energy consumption than the established filtration 
method can be achieved (Fraunhofer, 2017).  
 
Recently, electro-membrane processes have been applied for blue energy (salinity gradient) 
production, fuel cells, dairy applications, chromic acid recovery, organic acid separation and 
recovery, synthesis of chemicals such as ionic liquids, extraction of water-soluble organic acids, 
salt separation from mixtures in organic solutions, separation of valuable ions from wastewater, 
demineralisation of sugar and amino acids, and so on. Modern industries like pharmaceuticals or 
chemicals, biotechnology and energy-related sectors use electro-membrane processes widely. 

Why and how can the methodology be adopted to the agriculture/ horticulture? 

EMF could be used as a pre concentrating phosphorus technique. The enriched retentate may 
be further processed by means of ePhos® technology.  

Brief description of regulation concerning the technology 

There are no specific regulations concerning the use of EMF. Using EMF in combination with 
ePhos® will avoid the discharge of the concentrate. 

References: 
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3.10.3.5 Forward Osmosis (FO)   

Fulfilled criteria 

In water and wastewater treatment field, FO has been used in several different conditions in 
industrial wastewater treatment, concentrating landfill leachate and food industry just to name 
some examples (TRL 9). This technology does not represent a risk of cross contaminations and it 
does not require large areas for the equipment. In addition, the FO process presents lower 
fouling propensity compared to traditional pressure-driven membrane processes such as NF and 
RO, and has minimal energy requirements in comparison to RO. 

Description of the technology and present use 

In this separation process, a semi-permeable membrane is placed between a feed solution (FS) 
of a low osmotic pressure and a draw solution (DS) of high osmotic pressure. The mass transfer 
is driven by the osmotic pressure difference across the membrane.  
Its present use includes treating industrial wastewater (at bench-scale) (Holloway, 2007), 
concentrating landfill leachate (at pilot- and full-scale) [York et al, 1999], and to treat liquid foods 
in the food industry (at bench-scale) (Jiao et al. , 2004) 

Why and how can the methodology be adopted to the agriculture/ horticulture? 

FO could be used as a pre concentrating phosphorus technique. Ansari et al. (2017) critically 
review recent applications of FO for recovering energy and nutrients from municipal wastewater 
by integrating with existing resource recovery techniques (i.e. anaerobic digestion and 
phosphorus precipitation) and other complementary processes (e.g. membrane distillation (MD) 
and reverse osmosis (RO)) for clean water extraction. The same way, another resource recovery 
technique that could be applied in combination with FO will be ePhos® technology. 
 
Qiu, G and Ting, Y (2014) conducted a study of direct phosphorus recovery from municipal 
wastewater using an Osmotic membrane bioreactor (OMBR). The system achieved up to 98% 
overall removal of TOC and NH4 + -N. While 98% of PO43--P was rejected by the FO membrane 
and enriched within the bioreactor. 

Brief description of regulation concerning the technology 

There are no specific regulations concerning the use of FO, except for the discharge of 
concentrates. 

References 
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3.10.3.6 Struvite precipitation by addition of magnesium chloride. 

Fulfilled criteria 

Struvite (Magnesium ammonium phosphate) recovery by controlled addition of MgCl2 is a 
process that has been applied and improved by different companies, some of them currently 
commercialize the technology (TRL 9). The phosphorus removal and recovery efficiency lays 
between 85 and 97% (Senguptal et al.,2015). It does not represent a risk of cross contaminations 
and the space requirements of the plant depend on the treatment capacity. The principal 
disadvantage of this process is the use of chemicals (MgCl2).  In addition, only countries like 
Netherlands, Denmark Flanders (Belgium) and Germany have stablished special authorizations 
for struvite use as fertilizer (Phosphorus platform, 2018). Revision of the EC Fertilizers Regulation 
is progressing; the proposed legislation is currently undergoing trilogue negotiation between the 
European Parliament, Council of the European Union and the European Commission. 

Description of the technology and present use 

In recent years, struvite recovery has been implemented in the  treatment of a variety of 
wastewater sources, including landfill leachate, anaerobic digester effluent, as well as swine, 
poultry, and fertilizer wastewater. In the following lines pilot scale and full scale, operation 
examples of struvite recovery by means of addition of magnesium chloride are presented: 
 
Lulu Island Wastewater Treatment Plant (LIWWTP), Richmond, British Columbia. 
At a pilot-scale, an example is the study conducted at Lulu Island Wastewater Treatment Plant 
(LIWWTP), Richmond, British Columbia. Where a fluidized reactor was examined to determine 
effectiveness in removing, and recovering, phosphorus as struvite. Results showed that the 
reactor was capable of removing over 90% of phosphate and 4% of ammonia-nitrogen, with 
greater than 85% of the phosphate removed being recovered as harvestable struvite crystals 
(Kazi et al.,2008). 
 
Berliner Wasserbetriebe Process. 
In 2006, the Berliner Wasserbetriebe Process demonstrated that struvite can be successfully 
separated and produced from the sludge on a large scale and be used as fertilizer. In this process, 
MgCl2 is used as a source of Mg+2 for the struvite crystallization that occurs directly from the 
sludge and the optimal pH value is reached by stripping CO2, using aeration of sludge. The plant 
has a capacity of 83.4 m3/h and produces 2.3 Ton of fertilizer (struvite) per day. Currently, the 
German company P.C.S owns the rights of this process under the name of AirPrex® and it has 
been implemented in municipal wastewater treatment plants in Germany and the Netherlands. 
NuReSys. 
At Clarebout Potatoes in Belgium, the company NuReSys has a P-Plant with a 120 m3 h-1 
treatment capacity where the effluent from the production of French Fries is first treated in an 
Upflow Anaerobic Sludge Blanket Reactor reactor. The effluent is further treated in an aerobic 
biological treatment stage for further P and N reduction. The phosphate concentration is reduced 
from 120 ppm to average 20 ppm by addition of MgCl2 and 1800 Kg of struvite are produced per 
day. 
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OSTARA . 
Ostara Nutrient Recovery Technologies, Inc. of Canada offers the technologies WASSTRIP and 
Pearl for the phosphorus recovery in the wastewater treatment sector. The WASSTRIP (Waste 
Activated Sludge Stripping to Recover Internal Phosphate) process releases phosphate from 
waste activated sludge produced in the enhanced biological phosphorus removal process (EBPR). 
Subsequent sludge thickening diverts released phosphate into thickening liquor, which is then 
recovered in the Pearl process. The Pearl process recovers phosphorus and ammonia from high 
strength nutrient streams such as sludge dewatering liquor and WAS thickening liquors. Pearl 
recovers nutrients by growing high purity crystalline granules of struvite under controlled 
reaction conditions in a fluidised bed reactor. In EBPR plants, Pearl can recover up to 50% of total 
plant influent phosphorus in the form of Crystal Green, a high-value, market-ready fertiliser.  
 
As a practical example, in June 2016, the Dutch Waterboard Vallei & Veluwe (The Waterboard) 
officially opened Europe's first commercial nutrient recovery facility, in partnership with Ostara 
Nutrient Recovery Technologies and Eliquo Water & Energy as part of the development of 
Omzet. Amersfoort. By using the Pearl® technology, phosphorous and nitrogen are recovered 
from the liquid wastewaters and transformed in a fluidized bed reactor into Crystal Green®, 
which is European Certified in the category with the highest quality fertilisers.. The new facility 
has the capacity to produce approximately 900 tonnes of Crystal Green annually, the one that is 
composed of phosphorous, nitrogen and magnesium (5-28-0-10Mg), and is marketed by Ostara 
through a global network of blenders and distributors to professionals in the turf, horticultural 
and agriculture sectors. 

Why and how can the methodology be adopted to the agriculture/ horticulture? 

Struvite precipitation by addition of magnesium chloride could be used to remove phosphates 
and ammonium from drain water in the form of struvite. In order to have a cost-effective process, 
the use of a pre-concentrating technique should also be considered.  The ammonium 
concentration in the discharge water of greenhouses is often low. In that case  also ammonium 
has to be added, what makes the process less interesting, unless cheap waste streams are 
available. 

Brief description of regulation concerning the technology 

There are no specific regulations concerning the use of struvite precipitations trough addition of 
MgCl2. In addition, only countries like Netherlands, Denmark Flanders (Belgium) and Germany 
have stablished special authorizations for struvite use as fertilizer (Phosphorus platform, 2018). 
However, the new EU Fertilizer regulation may include the use of recovered fertilizers. Revision 
of the EC Fertilizers Regulation is progressing; the proposed legislation is currently undergoing 
trilogue negotiation between the European Parliament, Council of the European Union and the 
European Commission. 
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3.10.3.7 Nitrification and denitrification 

Fulfilled criteria 

More than 95 % of municipal wastewater undergoes nitrification/denitrification (TRL 9), which 
considerably reduces the inflow of reactive nitrogen into surface waters up to more or less 90% 
or more in some cases. The process does not involve the risk of cross-contamination and use of 
large areas. 

Description of the technology and present use 

The removal of nitrogen by biological nitrification and denitrification is a two-step process that 
is commonly used by Municipal wastewater treatment plants. In the first step (nitrification), 
ammonia is converted aerobically to nitrate (NO3−). In the second step (denitrification), nitrates 
are converted to N2O or nitrogen gas (N2) under anoxic conditions. Nitrification is an autotrophic 
process, which means that the energy for bacterial growth is derived from the oxidation of 
nitrogen compounds, primarily ammonia. The nitrification and denitrification unit processes can 
be divided into two broad classes: (1) the attached-growth systems and (2) the suspended-
growth systems. 
 
The main drawback of this process is that, denitrification can also involve emissions of small 
amounts of reactive nitrogen compounds (above all nitrous oxide). However, in the future, it 
might also be possible that, instead of denitrification, the reactive nitrogen in the wastewater 
could be separated out and reused as fertiliser by means of a stripping process, thus reducing 
the demand for chemical fertiliser (Swiss Federal Office for the Environment (FOEN), 2014, 
Sutton et al., 2011). 

Why and how can the methodology be adopted to the agriculture/ horticulture? 

This technology could be used to remove nitrogen from drain water with high concentrations of 
ammonium. The main drawback is that the removed nitrogen will be released into the air instead 
of been released into the water. 

Brief description of regulation concerning the technology 

Water Framework Directive and related Nitrate directive 

References: 
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3.10.3.8 Ammonium recovery with the use of contactor membranes. 

Fulfilled criteria 

Batch tests were successfully completed and continuous experiments under real conditions are 
currently being investigated at Fraunhofer Institute (TRL 6). The nitrogen removal efficiency 
reached valued higher than 90%. The technology does not require large areas for its 
implementation and does not represent a source of cross contamination for other crops. 

Description of the technology and present use 

Membrane contactors are devices that allow a gaseous phase and a liquid phase to come into 
direct contact with each other, for the purpose of mass transfer between the phases, without 
dispersing one phase into the other. A typical use for these devices is the removal or dissolution 
of gases in water. However, recent studies conducted at Fraunhofer Institute have demonstrated 
its applicability in the field of nutrient recovery from organic substrates.   
 
Dittman (2016) performed experiments to recover ammonia from manure and municipal 
wastewater in the form of ammonium sulphate under controlled pH and temperature conditions 
by means of hydrophobic membrane contactors. The hydrophobic characteristic avoided the 
mixing of the liquid substances, sulphuric acid on one side of the membrane and the liquid 
ammonium rich waste stream on the other side. The ammonium reduction achieved values over 
99%. Later, Enz (2017) conducted ammonium recovery experiments with human urine. First, the 
human urine was treated by means of electrochemical phosphorus precipitation in order to 
recover phosphorus and ammonium, however, due to the high ammonium concentration; the 
urine was further treated by using hydrophobic membrane contactors for the recovery of 
ammonium in the form of ammonium sulphate. The obtained ammonium reduction was higher 
than 90%. 

Why and how can the methodology be adopted to the agriculture/ horticulture? 

This technology could be used to remove nitrogen from drain water with medium to high 
concentrations of ammonium. In comparison to the denitrification-nitrification process, nitrogen 
can be recovered in the form of ammonium sulphate, which has the potential to be used as 
fertilizer. 

Brief description of regulation concerning the technology 

Water Framework Directive and related Nitrate directive 

References: 

[1]. Enz, A. 2017. Dauerbetrieb einer Anlage zur kontinuierlichen Nährstoffrückgewinnung 
aus Abwasser. Bachelorarbeit. Fraunhofer IGB. 

[2]. Dittmann, M.2016. Untersuchungen zur Ammoniumrückgewinnung aus flüssigen 
Reststoffen mittels eines Membrankontaktors im Labormaßstab und Auslegung einer 
Pilotanlage, Masterarbeit, Konstanz. Fraunhofer IGB. 

 



Transfer of INNOvative techniques for 
  sustainable Water use in FERtigated crops 

 
 

This project has received funding from the European Union’s Horizon 2020 research and 
innovation programme under grant agreement No 689687 

145 

3.10.3.9 The 1-STEP® filter. 

Fulfilled criteria 

The filter is currently commercialized as a total tertiary treatment solution to improve the 
effluent quality of municipal sewage treatment plants.  In addition, the filter was tested in a four-
year period from 2013 to 2016 (TRL 9). Phosphates can be removed up to 90% and nitrates up to 
89%. The process does not represent a risk of cross contamination for other crops and its 
compact design made the technology adequate for greenhouses with space´s restrictions. 

Description of the technology and present use 

The 1-STEP® filter (one step total effluent polishing) has been developed for water company 
Waternet in cooperation with engineering firm Witteveen + Bos, activated carbon producer 
Cabot Norit, Delft University of Technology and water research foundation STOWA. The 1-STEP® 
filter is a compact fixed bed activated carbon filter operated at a relatively high rate downward 
flow combining four treatment processes into one additional single treatment unit.  
Next to the removal of suspended solids by filtration, it removes nitrogen by simultaneous 
biological denitrification (using a selective carbon source), chemical phosphate and heavy metals 
removal (by coagulation and flocculation with a low dose of metal salt) and, if required, removal 
of organic micro pollutants by adsorption onto the activated carbon, see Figure 10-2. 
 

 
Figure 39. Schema of the 1 step filter in a wastewater treatment plant 

The results of the treated effluent at the Horstermeer wastewater treatment plant in the 
Netherlands are showed in Table 23. 
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Table 22. Efflluent quality after 1-Step filter treatment 

 
 

Why and how can the methodology be adopted to the agriculture/ horticulture? 

This technology could be used to remove phosphorus and nitrogen from drain water: However, 
these nutrients cannot be currently recovered from the filter. 

Brief description of regulation concerning the technology 

Water Framework Directive and related Nitrate directive 

References: 
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3.11 Limiting environmental impact - Pesticide residues  

3.11.1 Summary of bottlenecks and gaps 

Table 14 gives an overview of the main bottlenecks and gaps which may occur in the process of 
limiting the environmental impact of pesticide (PPP=plant protection products) residue. With 
regard to the open field production, the focus is on reducing the loss of PPP’s during and after 
application. With regard to closed/recirculating systems, the focus is on purifying the water 
before it is discharged. 
 
Table 23. Overview of the bottlenecks in limiting the environmental impact of pesticide residues 

Bottleneck Description Specific demands 

Open field production without recirculating infrastructure 
Lack of pest and 
disease monitoring and 
predicting systems 

For some crop/pest combinations such 
systems exist but not yet for all. As a 
result, applications are done without 
knowing if they are really necessary 
and/or effective. 

Need for good and automated 
monitoring and predicting 
(models) systems for as much 
pest and diseases as possible.  

Lack of decision 
supporting systems 

For some crop/pest combinations such 
systems exist but not yet for all. As a 
result of that applications are done 
without knowing if they are really 
necessary and/or effective 

Improve insight in effectiveness 
of the solution. 

Application techniques 
and strategies with low 
or no emission 

The development is still going on and the 
expectation is that the technology will 
provide better results 

Preferably (local) application 
should be driven by results of 
monitoring. Interpretation of the 
results of the monitoring and 
translation to adequate actions 
require higher capacity of data 
processing.  

Reduction of emission 
has no direct and 
visible (economical) 
advantages for the 
grower 

Technologies leading to reduction of 
emission must also have verifiable 
(economic) advantages for the grower  

Development of simple, effective, 
reliable and economical feasible 
technologies which are both more 
effective and cause less 
emissions. 

Closed/recirculating systems 
Results of purification 
of discharge water are 
based on a limited 
number and specified 
PPPs 

Further research is needed to determine 
the possibility to remove or break down 
other PPPs 

Improves insight in effectiveness 
of the solution for more PPP’s 

Advanced oxidation: 
No information 
available on the 
metabolites of the 
PPPs and the by-
products of the used 
purification techniques  

The tests of the purification only 
focussed on reduction of the active 
ingredients. It has to be clarified if and so 
what metabolites and by-products can 
develop with the different technologies 

Analyses of by-products  
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Bottleneck Description Specific demands 

Open field production 
without recirculating 
infrastructure 

Regulation on chemical compounds may 
hinder the use of some oxidants in some 
countries, such as chlorine and its by-
product chlorate. Chemical oxidants are 
regulated by the Biocidal Products 
Regulations (BPR) EU 528/2012, which 
regulates the availability on the market 
and the use of biocidal products. 
Regulations may also require continuous 
monitoring of oxidants in the effluence. 
Furthermore, chemical oxidants must 
adhere to set maximum residue levels 
(MRLs) in open water, that must be 
guarded and monitored 

Technologies/products with no or 
very low risks for the crop, the 
users, people working/living in 
the immediate vicinity and 
environment 

Toxicity of by-products 
or of oxidants 
themselves  

Some chemical compounds are highly 
toxic for workers when inhaled or put in 
contact with. 

Technologies/products with no or 
very low risks for the users and 
people working/living in the 
immediate vicinity 

Filtration/separation 
techniques: the 
separated pesticide 
have to be processed 
(follow up is needed) 

With these techniques the pesticide are 
removed from water, after which the 
treated water can be drained. The 
removed pesticides however require (an 
economical feasible) treatment: 
□ To break them down in (for 

environment and human) non-
hazardous components or 

□ To store them in a way that the 
cannot harm the environment or 
human 

Treatment for more concentrated 
streams 

 
Some of these bottlenecks - mainly the regulatory - can be solved. However, some bottlenecks 
cannot be solved and new solutions are needed to fix the gaps created by these bottlenecks.  
The following bottlenecks do not yet have a suitable solution: 
• Ozonisation: Health risks linked to the use of ozone in a space with working people. 
• Advanced oxidation (UV and oxidation) as well as photocatalytic oxidation: No selectivity in 

the removal of contaminants 
• Photocatalytic oxidation:  

 Needs controlled process conditions. 

 Risk of toxic by-products formation. 

 Corrosiveness of oxidants 
• Phytobac (biodegradation) and Heliosec (separation of PPP’s and water based on 

evaporation): high demand for space. 
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All of these bottlenecks have issues regarding the technical aspects. This is mainly due to the fact 
that regulatory aspects can be changed (if the responsible authority cooperates) and social 
aspects as well.  

3.11.2 Definition of criteria for new solutions 

For horticulture new technologies to optimize  quality of water in relation to ppp’s should 
preferably fulfil these criteria: 
 

 Effectiveness: The result of the treatment or the combination of treatments should be water 
that is completely harmless for the environment 

 Risks: no or acceptable risks for: 
o User 
o People working/living in immediate vicinity 
o Consumers  
o Environment 

 Is integration/combination possible: Technology should not interfere with other necessary 
water treatments and not make additional water treatments necessary. On the contrary, it 
should be possible to make it part of a smart and effective combination.  

 Economic feasibility: reasonable/acceptable relation between costs and benefits.  

3.11.3 Innovative solutions from other sectors 

Other sectors confronted with comparable problems and, therefore, can be source for innovative 
solutions, are:  
• Waste Water Treatments plants dealing with persistent components such as medicine 

residues and also PPP’s 
• Desalination systems delivering potable or process water 
• Food industry 
• Medicine/health care 
 
In this chapter promising technologies from those sectors with regard to agriculture and 
horticulture are introduced. If a technique is capable of separating PPP’s from water it can be 
used in outdoor production systems (purification of the remnants of spraying solutions) and in 
closed production systems. 
 
Table 24. Innovative technologies for pesticide removal 

Innovative technologies Effect on Gaps  

Nanotechnology Improvement of monitoring and predicting systems, support 
development of decision supporting systems 

Membrane Distillation No toxic by-products 

On-site production of oxidants Lower risks during transport, lower costs 

Photocatalytic oxidation (PCO) Improved breakdown 

1-Step® Filter No toxic by-products 

Electro physical precipitation (EpF) No toxic by-products 

Eutectic Freeze Concentration (EFC) No toxic by-products 

Selective and regenerative adsorption materials No toxic by-products 
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3.11.3.1 Nanotechnology 

Fulfilled criteria 

As nanotechnology offers a lot of different innovative possibilities it is not possible to say in 
general the extent to which the technology fulfils the criteria. With regard to effectiveness: the 
impact of nanotechnology on limiting PPP residue can be indirect and direct.  An example for an 
indirect effect is: In an ideal situation/potentially the technology is effective in 
detecting/monitoring and inactivating or even destroying specified harmful microorganisms. 
Also, silver ions can prevent or reduce the formation of biofilms. This all can improve the reuse 
of nutrient solutions in (semi) closed production systems and therefor reduce emissions of water 
to the environment. But several technologies can also be used to remove PPP’s from water to be 
discharged (direct effect, for example new micro and nano filtration techniques).  
 
As in this stage nanotechnology is very new and not broadly introduced into 
agriculture/horticulture it is not always clear yet if the technology is safe for plants, users, people 
working/living in immediate vicinity, consumers and environment.  

Description of the technology and present use 

Nanotechnology deals with techniques with which atoms and molecules (with a maximum size 
of 100 nm) can be observed, explored and manipulated. It is a relatively young technology and 
is expected to have a very big impact on developments in a lot of sectors. Nanotechnology is 
recognised by the European Commission as one of its six “Key Enabling Technologies” that 
contribute to sustainable competitiveness and growth in several industrial sectors (Parisi et al., 
2015). It can be used for fundamental as well as applied research. 
 
Nanotechnology is in development and applied in for example medicine. The technology is used 
to detect diseases - like cancer - and to cure them for example by manipulating certain genetic 
structures or to bring medication very precise to the sites where it is required.  
 
Other possibilities – already applied or in R&D - of nanotechnology are amongst others: 

• Changing/improving materials for use in for example ICT (chip technology) 
• Filtering techniques (for the purification of water, for example to prevent Legionella 

bacteria from passing showerheads). 
• Improving efficiency of photovoltaic cells 
• Production of coatings with special properties with regard to corrosion, fouling and 

thermal insulation  
• Improvement of shelf life, taste, smell and colour in the food industry 
• Development of new and better catalysts for use in chemical applications and energy 

techniques  
• Application in environmental engineering: cleaning of soils with catalysts or adsorption 
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Why and how can the methodology be adopted to agriculture/horticulture? 

Based on the description above nanotechnology will be of substantial importance for the sector. 
Possibilities one may think of and are linked to the subjects Fertinnowa is dealing with, are: 

• Detection (nano sensors) and control of pests and diseases (for example to determine 
and improve the phytosanitary quality of water). 

• Nano formulations of fertilizers (3.9.3.2) 
• Development of better pesticides (including formulations of pesticides with positive 

effects on for example emission by runoff) 
• Water and soil purification (e.g. Nano-filtration) 
• Reclamation of salt-affected soils 
• Use of coatings to prevent the formation of biofilms in irrigations systems 
• Using nano sensors for monitoring soil conditions and crop growth in order to take 

appropriate (local)  actions (precision farming) 
 

Nanotechnology is not completely new in agriculture/horticulture but in comparison with other 
sectors underdeveloped. Possible reasons for this are uncertainty about economic feasibility and 
(new) EU regulations. 

Brief description of regulation concerning the technology 

Commission Recommendation 2011/696/EU of 18 October 2011 on the definition of 
nanomaterial, providing for the first time a clear definition of nanomaterials, applicable to future 
legislation that may describe regulations for product labelling, testing and controls. 

• Regulation (EC) No 1907/2006 of the EP and of the Council of 18 December 2006 
concerning the registration, evaluation, authorisation and restriction of chemicals. 

• Regulation (EC) No 1272/2008 on Classification, Labelling and Packaging (CLP) of 
dangerous substances and mixtures entered into force on 20 January 2009. 

• Regulation No 178/2002: general food safety framework, based on the precautionary 
principle (no specific mention of nanomaterials). 

• Regulation No 1333/2008 on Food Additives, introducing a positive list for authorised 
substances. 

• Regulation 1169/2011: Food information to consumers (FIC), covering all foods. 
• Regulation (EU) No 528/2012 on biocide products (BPR). Approval of active substances 

and marketing authorisation of products. 
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3.11.3.2 Membrane Distillation 

Fulfilled criteria 

Membrane Distillation (MD) has been applied for water desalination, environmental waste 
clean-up, water reuse and food processing. 
It is possible that this technology also can have an indirect positive effect on reducing the 
environmental impact of pesticide residues: based on the characteristics of the technology (pore 
diameter, only transition of volatile compounds, temperature) it is not likely that plant pathogens 
can pass without being inactivated or destroyed. As this can reduce the risks of disease and as a 
result of that the need for discharging water it can reduce the impact of PPP’s on the 
environment. 
 
The risks of this technology for users, people working/living in immediate vicinity, consumers 
and the environment are expected to be low. With membrane distillation one of the ‘product’s’ 
is a retentate with amongst others a high concentration of PPP’s. To prevent negative impact on 
the environment this has to be processed further (for example by chemical degradation) or to 
be stored. 

Description of the technology and present use 

MD was described in 3.2.3.2. 

Why and how can the methodology be adopted to agriculture/horticulture? 

With this technology PPP’s can also be separated from the water to purify it before it is 
discharged. 
 
The technology can also meet other requirements: it also makes it possible to remove salts 
(nutrients) from water before it will be discharged or optimize water quality with regard to 
nutrients (see also chapter 3.2). 

Brief description of regulation concerning the technology 

The treated water should comply with the Water Framework Directive and related Nitrate 
directive. Additionally there are restrictions in discharging the concentrate.  
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3.11.3.3 On-site production of oxidants (e.g. peroxide) 

Fulfilled criteria 

Particularly in combination with other techniques like UV and ozonisation, peroxide is very 
effective in the breakdown of PPP’s. The use of peroxide in horticulture becomes more and more 
common. So far these applications are based on peroxide that is produced externally in a process 
with a high energy demand, creating a lot of waste and requiring a lot of organic dissolvent. Also, 
transport and handling repeatedly lead to incidences. 
 
A new production technology for on-site production was developed which lowers production 
costs, energy input, waste and the risks during transport and handling. With this technology 
different goals can be achieved: improving the phytosanitary quality of water as well as reducing 
the impact on pesticide residues in water to be discharged. 

Description of the technology and present use 

In order to lower production costs, energy input, waste and the risks during transport and 
handling it is possible to produce not externally but on-site. In this chapter this is worked out for 
the example peroxide. Other examples with regard to this are sodium hypochlorite and ECA 
(Electrochemically activated water). 
 
The mentioned technology is still in development and has to be optimized. Details about the 
production process are not yet available. Worldwide there are various initiatives to develop the 
on-site production of peroxide. The (local) treatment of water to improve sanitary quality for the 
benefit of human consumption is a very important application. 

Why and how can the methodology be adopted to agriculture/horticulture? 

The on-site production could reduce the risks during transport and use. The range of application 
is comparable to that of the ‘traditional’ use of peroxide (externally produced). No specific 
adoption is needed. 

Brief description of regulation concerning the technology 

With regards to phytosanitary, the EU has a framework where chemicals used for phytosanitary 
disinfection are classified (Harmonised Classifications, European Chemicals Agency). Chemicals 
used for disinfection are listed under the Biocidal Product Regulation (BPR) EU 528/2012.  The 
list – to be found on the website of the European Chemicals Agency (ECHA) – informs about the 
status (approved/under review) of active substances as well as the intended use (for example for 
treatment of drinking water or as disinfectants and algaecide not intended for direct application 
to humans or animals).  
 
Possibly relevant are also regulations (maximum residue levels) concerning the by-products of 
(chemical) disinfection like chlorate and perchlorate. For equipment that produces substances 
on-site that are considered active substances also the systems have to be registered by the 
suppliers with a Letter of Access. 
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3.11.3.4 Photocatalytic oxidation (PCO) 

Fulfilled criteria 

As different oxidation technologies PCO is a very effective technology for the breakdown of 
organics, like PPP’s. Additionally it is also disinfecting and this combination makes is economic 
attractive 

Description of the technology and present use 

The principle of the technology is based on the use of inert, nontoxic, cheap catalysts (such as 
titanium dioxide, TiO2)  catalyst, that to generate OH radicals using oxygen (from air) together 
with water and UV-A radiation, for example from sunlight. These radicals have strong oxidative 
activity and can kill microorganisms and break down organic substances. 
For detailed description see 3.5.3.8. 

Why and how can the methodology be adopted to agriculture/horticulture? 

The  PCO processes catalysts can be used in through flow systems but also to provide for self 
disinfecting and cleaning surfaces. The technology can be applied to treat water –containing 
PPP’s  that has to be discharged. It has also a disinfecting effect. 
A possible option is coating the floor of e.g. a plant nursery with TiO2. Important is that enough 
sunlight is available [4]. 

Brief description of regulation concerning the technology 

The use of a catalyst like TiO2 in a greenhouse horticulture companies has to be registered as a 
biocide. The technology should fulfil the demands for emission of PPP to the environment. 
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3.11.3.5 1-Step® Filter 

Fulfilled criteria 

As the developers of this technology (amongst others based on active carbon) claim that it can 
remove medicines and organic micro contaminants it is an effective application. The risks are 
expected to be low/acceptable. An advantage is that this technology is also capable of removing 
nitrogen and phosphate from water and therefore improves the quality of the water to be 
discharged. 

Description of the technology and present use 

The 1-STEP® filter combines different techniques (coagulation, flocculation, filtration, 
denitrification, adsorption and activated carbon, see figure 38). This technology is developed for 
the treatment of municipal wastewater. 
 

 
Figure 40. Schematic overview 1-STEP® filter 

Why and how can the methodology be adopted to the agriculture/ horticulture? 

This technology could be used to remove PPP’s as well as phosphorus and nitrogen from water 
to be discharged. As the technique is developed for relatively large and stable (low fluctuation) 
volumes collective use in high tech and large scale horticultural production areas is most likely. 
However, the effectiveness of the removal of organic compounds was as far as known only done 
for medicines. The technique was not able to remove all medicines. With some of the medicine 
the removal was low (0-29%). This raises the question if the technology is effective enough. 
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Brief description of regulation concerning the technology 

The technology should comply with the discharge guidelines and regulations, like the WFD, the 
Nitrate Directive and the regulations concerning the discharge of PPP containing water. 
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3.11.3.6 Electro physical precipitation (EpF) 

Fulfilled criteria 

Research done by WUR and Hellebrekers Technieken shows that 70-80% of the tested PPP’s can 
be removed. It depends on the (future) requirements concerning concentrations of PPP’s in drain 
water if this efficacy fulfils the criteria. In the Netherlands a minimum of 95% of the PPP’s has to 
be removed before discharge of water is permitted, so this technology would - at this stage of 
development – not meet the requirements by itself. The technology requires an additional step 
as the PPP’s are only separated from the water and collected in sludge and floatation layer and 
not broken down.The technology is relatively save – although hydrogen is formed - and can be 
combined de with other technologies.  

Description of the technology and present use 

Electro physical precipitation (EpF) replaces conventional chemical flocculation techniques with 
the advantage that the flocculants are made available electrolytic from solid-state electrodes. 
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 electrolytical 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. 
 
As far as known, the technology is still in development (also for use in horticulture) and not yet 
applied on a large scale in other sectors. See for more information also the Fertigation Bible 
(chapter 3.6.5.1). 

Why and how can the methodology be adopted to the agriculture/horticulture? 

As mentioned before, the technology is already in development for horticulture. Figure 11-2.  
shows an example of a pilot installation. 
 

 
Figure 41. An example of a pilot installation for electrophysical precipitation in a horticultural greenhouse 
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Brief description of regulation concerning the technology 

There may be requirements for the materials used for electrodes. The use of copper/aluminium 
electrodes can result in increased concentrations of these elements in the water. The technology 
should comply with the discharge guidelines and regulations, like the WFD, the Nitrate Directive 
and the regulations concerning the discharge of PPP containing water. 
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3.11.3.7 Eutectic Freeze Concentration (EFC) 

Fulfilled criteria 

As far as known the efficacy of this technology in separating PPP’s from water is not yet 
investigated. Based on the working principle however it can be expected that waste water can 
be separated in on one hand pure water which can be reused or discharged and a brine 
containing the PPP’s [3]. The technology is expected to be safe and could fulfil more 
requirements of water treatment. It also separates salts (nutrients) from water and therefore 
can reduce the impact of nutrients on the environment (eutectic freezing is also used for 
desalination).  

Description of the technology and present use 

The technology is based on the fact that the structure of an ice crystal does not leave space to 
include impurities (other molecules than water). The growing ice crystals will reject the dissolved 
components in a solution. When an aqueous solution is cooled down the first crystallizing 
component will be ice (water) while all other dissolved components will stay dissolved. As long 
as the so called eutectic point of the concentrated solution is not reached, the separation of 
water by crystallization will continue. The eutectic point is the temperature at which – in this 
case – the concentrated solution solidifies. 
 
With this technology water can (partly) be separated from an aqueous solution. Besides pure 
water (ice) the result is a high concentrated aqueous solution (brine). The technology requires 
an additional step as the PPP’s are ‘only’ concentrated and not broken down. 
 
The technology is used or in development to desalinate (freezing desalination), to recover 
valuable products from industrial (aqueous) process streams and to treat waste streams. 
Applications can  - amongst others - be found in the food industry (concentrating liquid (aqueous) 
foods like juices), the chemical industry (removal/recovery of dissolved components), oil & gas 
industry (treatment of waste water) and agriculture (concentrating pig and cow manure). 

Why and how can the methodology be adopted to the agriculture/horticulture? 

The technology could be used to concentrate all components (including PPP’s) in the waste 
water. The (crystallized) water is very pure and can be reused or discharged. The (concentrated) 
brine needs a following step in which the PPP’s are broken down. In horticulture the technology 
could fulfil various functions: limiting environmental impact of both nutrients and pesticides but 
also purifying and probably improving the phytosanitary quality of the incoming water. 

Brief description of regulation concerning the technology 

The technology should comply with the discharge guidelines and regulations concerning the 
discharge of PPP containing water. 
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3.11.3.8 Selective and regenerative adsorption materials 

Fulfilled criteria 

Current purification technologies for waste water containing PPPs, such as adsorption on 
activated carbon or degradation by oxidation, are non-selective. The disadvantage is that all 
organic components are removed while the specific components to be removed are present in 
very low concentrations (ppb). The use of selective adsorption such as zeolites and new classes 
of adsorption materials as metal-organic grids (Metal Organic Frameworks, MOFs) and organic -
organic grids (Covalent Organic Frameworks, COFs) make it possible to use the adsorption 
materials only for the desired contaminant.  
 
This reduces the volume of the substance which has to be treated in the next step (breakdown 
of the PPP’s in non-hazardous components). Also because it is selective the substances to be 
treated in the next step are less complex and that possibly simplifies the post-treatment.  
It is expected that this will reduce the costs of the post-treatment. 

Description of the technology and present use 

Applications of MOFs and COFs are divers and can be found in different markets like chemistry 
(catalysis), health care (drug delivery) and pharmaceutical production processes (direct 
harvesting of organic compounds). 

Why and how can the methodology be adopted to agriculture/horticulture? 

R&D work has to be conducted on the issue of PPPs in the horticulture waste water in relation 
to the development of a (cost)competitive process compared to current treatment strategies as 
non-selective AOP and adsorption processes. One has to take into account that a post-treatment 
is necessary like with other technologies which do not break down PPP’s but separate the PPP’s 
from the water to be discharged. 

Brief description of regulation concerning the technology 

No specific regulation concerning this technology was identified. But as the technology is still in 
development in the future regulations cannot be excluded. This will mainly depend on the 
composition of the adsorption materials, the conditions under which the technology works and 
the process of regeneration.  The technology should of course comply with the regulations 
concerning the discharge of PPP containing water. 
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4 Conclusions 

4.1 Introduction 
The exploration of innovative technologies from other sectors started with the definition of 
criteria that should be met by these technologies. It turned out that besides the more specific 
demands for the different topics discussed in this task, there were some common criteria, related 
to the gaps described in D 4.1. The main general demands are: 

- Solutions should be more cost-effective, especially for small scale farms, and improved 
insight in the costs is necessary 

- Up- and downscaling of the technologies should be possible 
- The technologies should be more environmentally friendly, especially in relation to water 

use, waste production and emissions to the water 
- Adaptation or additional legislation  

 
The scouting of other sectors resulted in a series of possible technologies to solve the gaps 
related to the different phases of the fertigation process.   

4.2 Water storage, systems, and tools 
In many European regions, rainwater is a very interesting water source for irrigation purposes. 
Unfortunately rainfall patterns do not optimally fit the crops’ water demand pattern. Therefore, 
growers have to provide rain water storages. Important gaps highlighted in D4.1 are, on the one 
hand, the need for sufficient collecting surface and, on the other hand, the need for surfaces to 
install the rain water storage. Also, the future and current impact of climate change should be 
taken into account when considering rain water harvesting and storage. The use of Aquifer 
Storage and Recovery (ASR) is interesting for implementation in horticulture as this technology 
requiresss no or only very limited surface. This technology is already much applied in urban areas, 
but also in greenhouse horticulture in, for example, the Netherlands. Translation of ASR’s 
implementation in urban areas could offer possibilities to soil grown open field crops. The 
horticultural sector could also benefit from clustering of rainwater harvesting systems as this 
approach does not requests collecting surfaces at the farms’ site and could support adaptation 
to future more extreme weather conditions. Regional platforms for quantification and 
qualification of alternative local water sources could as well offer new possibilities to reduce 
problems related to scarcity of qualitative water.   

4.3 Optimizing water quality  
For optimizing the water quality in relation to nutrients, selectivity of technologies is an 
important criterion. Electro-dialyses (ED) is a technology that addresses this point, partly as 
selective removal of monovalent ions, like sodium, is possible. This will support further closure 
of  the water and nutrient cycle in soilless growing systems applying recirculation. ED is also less 
sensitive for fouling. Also with Modified Ion exchange selective removal is possible. This 
technology even allows producing a fertilizer that can be reused on site. Modified ion exchange 
can, therefore, solve the problem of concentrated saline streams that result from other 
desalination technologies like RO. Although both technologies are implemented already in other 
sectors, they are relatively new for the horticultural sector.  
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Forward Osmosis (FO) is another innovative technology, especially applicable for further 
concentrating of the saline concentrates. Capacitive Deionisation(CDI) and Membrane 
distillation (MD) are two other technologies that are mentioned. CDI and ED are both, in general, 
less vulnerable for fouling, MD can use waste energy and produces less waste due to higher 
concentration of the waste stream. Hybrid solutions, combining several technologies, e.g., RO 
and FO are also often applied in other sectors.  

4.4 Removal of Particles 
Reduction of fouling of the filters, and less waste stream production are the main criteria for 
innovative technologies to remove particles. Dissolved air filtration (DAF) is a mature technology 
that does not use filters or a filter medium, but is not yet applied on smaller scale. Ultrasound 
technologies do not require filter medium either, but the technology is quite expensive yet and 
the technologies’ energy consumption is high. Also, filter sieves, and a ratchet filter do not use a 
filter medium. An alternative solution is the use of natural fibres as filter aid. 

4.5 Algal Bloom 
To achieve a sustainable control of algae blooms potential solutions must be effective for a wide 
range of algae species and have a long-term effect. Additionally, solutions should be safe for both 
humans as plants, and environmentally friendly. The use of micro-organisms as a biocontrol of 
algae growth is an environmentally friendly approach, but the applicability for a broad range of 
algae species needs attention, as do the long-term effects. The use of microbial aggregates looks 
promising. Another approach is the removal of the algae with flocculation techniques. For the 
flocculation, chemicals are needed that can influence the quality of the irrigation water. A new 
development is the use of biological flocculants. Finally, immobilisation of nutrient, such as, 
nitrogen and phosphorus, might as well offer possibilities.  

4.6 Optimizing phytosanitary quality of water for improving water 
To optimize the phytosanitary quality of water, new technologies should be safe for the crop. 
Technologies should not form hazardous by-products and not include risks for the one using the 
technology, consumers, and the environment.  
 
A number of the membrane technologies that can be applied for desalination, like RO, NF, UF, 
MD, FO do also remove micro-organism from the water. Nanotechnology, as well, is applicable 
in this area. Some new oxidation technologies are used in other sectors (Wet Air Oxidation, 
Supercritical oxidation), but adaption for horticulture looks difficult seen the complexity and the 
high costs of the installations. Photocatalytic oxidation looks an attractive alternative. This 
technology was exchanged and showcased in the framework of WP5 of FERTINNOWA. In situ 
preparation of oxidation chemicals could avoid risks related to storage of oxidative chemicals.  

4.7 Fertigation management - Irrigation equipment 
For innovations in irrigation equipment, the main criteria are linked to the general issues, like 
costs-effectiveness, user-friendliness, environmental impact and reliability.  Biodegradable and 
compostable plastic materials could support the evolution towards the use of more 
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environmental friendly materials. Also, these biodegradable materials could be more cost 
effective compared to classic materials. These products are being used already in many economic 
sectors like food-services, packaging, consumer goods, but also tests in irrigation equipment 
have been carried out. A different approach to reduce the environmental impact of irrigation 
equipment, such as irrigation lines, is to increase the lifespan of these products, adopting better 
installation practices and use additives for improving the lifespan. 

4.8 Fertigation management - Preparation of the nutrient solution 
The preparation of nutrient solutions requires a continuous accurate injection of the stock 
solution. Volumetric injection pumps, electromagnetic or piston-driven, address the inaccuracy 
of venture injectors. This technology is already known in the horticultural sector but rarely 
applied due to the high maintenance costs and the fragility of the technologies.  
 
Seen the future trend to use more and more different sources and qualities of water, suitable 
software and selective sensors for a good control of the quality are needed. Automatic systems, 
continuous real time monitoring ion concentrations with selective sensors are in development 
for application in horticulture. Ultrasonic and electro-magnetic flowmeters could improve 
accuracy for measuring low-flow. 

4.9 Fertigation management - Irrigation management 
Irrigation management should overcome issues related to soil heterogeneity and deficiencies in 
the irrigation system. Management technologies should be highly adoptable to local crop and 
farm requirements. The technologies should be user-friendly, requiring a standard agronomical 
background.  
Superabsorbant polymer can help to reduce losses through runoff and leaching at an 
environmental friendly way. In general, robotics can be further introduced in horticulture as also 
the use of drones can support adequate management of plots with high variability.. Finally 
Artificial intelligence can be used in the future to help solve the problems around uniformity 
efficiency and acquiring more technical knowledge. Zigbee, a high level wireless network system 
used in a lot of sectors, can also be adapted for horticulture 

4.10 Fertigation management - Nutrient management 
To achieve good fertigation management the four principles (correct source, dose, moment and 
place) should be met.  
 
Innovations in the area of IT are very helpful to improve fertigation management. On large and 
more complex scale, Big Data - using a series of algorithms to process greater amounts of data –
could lead to new improvements. On a smaller scale,  the development of specific app’s to be 
used with smartphone or notebook, could offer new possibilities and improvements.  
 
Nanotechnology is a broad concept that can be translated to the horticulture by using nano-
sensors, nano-fertilizers, nanostructure and nanoparticles. The latter could support better 
controlled release of fertilizers. Biotechnology can be very helpful e.g. for more effective use and 
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recycling of fertilizers. Inhibitors can be used to reduce conversion rate of ammonium to nitrate. 
Controlled release of fertilizers are already used at a large scale in the United States and Canada. 

4.11 Limiting environmental impact - Nutrient removal and recovery 
A number of the technologies used for improving water quality and closing the water cycle can 
also be used to reduce emissions. It concerns technologies such as, ED, CDI, NF and FO. In some 
cases, further concentration of the water stream has to be carried out as a pre-treatment. A 
combination with ePhos, electrochemical Phosphorous precipitation, could be a solution here. 
Electromembrane filtration (EMF), using both pressure and an electric field, is mainly used in 
food and biotechnology. This technology can result in a higher selectivity with lower energy 
demand. The 1-step filter combines four treatment technologies for one step effluent polishing. 
Disadvantage is that no recovery of nutrients is possible. 
 
Ammonium recovery is possible with membrane contactors, already tested in manure 
processing. Also, biological technologies from the municipal and industrial waste water 
treatment can be used to remove nutrients from discharged water streams. Special attention is 
paid at Phosphorus and Nitrogen removal and the recovery of nutrients. Struvite precipitation is 
applied in different sectors. Disadvantages are the high costs of MgCl2 and the regulation on the 
use of struvite as fertilizer. Ion exchange can be applied to remove and recover both nitrogen 
and phosphorus from discharged water.  

4.12 Limiting environmental impact - Pesticide residues   
Technologies removing pesticide residues should primary  work highly effective to meet the set 
threshold values and guarantee that no  harmful by-products are produced. In pharma, chemical 
industry, and as well in urban waste water treatment plants, adsorption and oxidation 
technologies are used. Innovations in adsorption are zeolites and MOF’s (Metal Organic 
Frameworks) that have a higher selectivity. Also, membrane processes are applicable. By 
combining technologies, like in the 1-step filter, better results and/or a multiple effect can be 
achieved. The main bottleneck in the horticultural sector regarding these technologies is the 
small volume that has to be treated. Therefore, mobile installations are considered. 

4.13  General conclusion 
The search for innovative solutions for the gaps identified for the fertigated crops in D4.1 showed 
to be very fruitful. For each phase of fertigation, several technologies were found in different 
sectors.  A number of these technologies met all or several of the set criteria. Several of these 
technologies were already tested at different scales in horticulture but are rarely implemented 
at the farms’ level. Finally, it can be concluded that a significant number of the scouted 
technologies  show a high potential for the fertigated sector. Still,  research has to be carried out 
at different scales to adapt these technologies to the specific horticultural conditions. For those 
technologies already investigated in the horticultural sector, more practical research and 
demonstration initiatives under real size conditions are necessary to raise awareness at the level 
of the different actors involved. Close collaborations should been set up between technology 
suppliers, researchers, growers and authorities to assure these new technologies could meet the 
technological, economic, legal and environmental criteria.  Tailored business models should be 
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provided to  investigate in more detail the potential of the scouted technologies to solve current 
bottlenecks in the fertigated sector.  
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List of Abbreviations 

Abbreviation Name 

€ Euro 

°C Degrees Celcius 

µm micrometer, 10-6 meter 

1-STEP one step total effluent polishing 

Al Aluminum 

AOP Advanced oxidation Process 

BAT Best Available Techniques 

BPR Biocidal products Registration 

BPR Biocidal products Regulation 

CaCO3 Calcium Carbonate 

CD Capacitive Deionisation  

CDI Capacitive De-ionisation  

Cl Chlorine 

CLP Classification Labelling and Packaging 

cm centimeter, 10-2 meter 

COF Covalent Organic Frameworks 

CRF Controlled Release Fertiliser 

CWAO catalytic Wet Air oxidation 

DAF Dissolved Air Flotation 

DCD Dicyanamide 

DMPP 3,4 dimethyl pyrazole phosphate 

DS Draw solution 

e.g.  For example 

EBPR enhanced biological phosphorus removal process  

EC Electric Conductivity 

EC European Comission 

ECA Electrochemically Activated Water 

ECHA European Chemicals Agency  

ED Electro-dialysis 

EDR Electro-dialysis reversal 

EFC Eutectic Freeze Concentration  

EMF Electromembrane Filtration 

EP Equivalent Population 

EpF Electrophysical precipitation  

EU European Union  

FB Fertigation Bible 

Fe Iron 

FET Field Electric Transistors  

FIC Food information to consumers 

FO Forward Osmosis 

FS Feed Solution 

GDPR General Data Protection Regulation  

GM Genetically Modified 

GPS Geographic information systems  

h hour 

H Hydrogen 

H2O2 Hydrogen Peroxide 

H2S Hydrogen Sulfide 

HCO3 Bicarbonate 

IoT Internet of Things  

IPM Integrated pest Management 

ISE Ion selective electrodes 

IX Ion exchange  

K Potassium 
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K2CO3 Potassium carbonate 

KCl Potassium Chloride 

kg kilogram 

KNO3 Potassium Nitrate 

KNS Kulturbegleitenden Nmin Sollwerte-System  

KOH Potassium Hydroxide 

kWh Kilowatt Hour 

L Litre 

m³ Cubic meter 

MBBR Moving bed biofilm reactor  

MD Membrane Distillation  

meq Milliequivalent 

Mg Magnesium 

MIX Modified ion Exchange  

mmol Millimole 

MOF Metal Organic Frameworks 

Mpa Megapascal 

MRL Maximum residue level 

mS Millisiemens 

N  Nitrogen  

N min Mineral nitrogen  

Na Sodium 

NF Nanofiltration 

NH3 Ammonium 

NH4 Ammonium 

nm nanometer or  10-9 meter 

NO3- Nitrate 

OMBR Osmotic membrane bioreactor 

P Phosphorus 

p.a.  for example 

PBAT Polybutylene adipate terephthalate 

PCO Photocatalytic oxidation 

PE Polyethylene 

PET Polyethylene terephthalate 

pH  Potential of Hydrogen (Acidity)  

PHA Polyhydroxyalkanoates 

PLA Polylactic acid 

PP Polypropylene 

ppb parts per billion 

ppm parts per million 

PPP plant protection products 

PSD Particle Size Distribution 

PVC Polyvinylchloride 

RO Reverse osmosis 

SAP Superabsorbent polymer 

SCWO Subcritical water Oxidation 

SRF Slow release fertiliser 

TDS Total Dissolved Solids 

TEPPFA The European Plastic Pipes and Fitting Association 

TiO2 Titanium dioxide  

TN Total nitrogen  

TOC Total organic carbon 

TP Total Phosporus 

TRL Technology Readiness Level  

TSS Total Suspended Solids 

UAV unmanned aerial vehicle  

UK United Kingdom 
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UV Ultra Violet 

WAO Wet Air Oxidation 

WPAN wireless personal area networks  

 
  

 


