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A. Description of the programme  
 
1. Summaries 
1.1 Summary of the programme objectives, focus and ambitions 
The ambition of the program WATER NEXUS is to develop integral solutions for problems with water scarcity 
in delta areas worldwide. The central paradigm shift is to consider saline (salt containing) water as a 
resource, and not as a threat: saline water where possible, freshwater where essential. 
 
Worldwide, delta areas are of immense economic importance: dense concentration of population, industry 
and agriculture. Half the world’s population will live in delta areas this century. The economy of delta areas 
relies on freshwater. Severe scarcity is imminent due to growing demand and saltwater intrusion. Present 
attempts to find solutions are fragmented (focusing on partial solutions) and are often connected with high 
costs and poor sustainability. Furthermore, it is clear that these solutions cannot create sufficient water 
quantities to really solve the scarcity. For a genuine breakthrough, a radically different approach is needed: 
integral water quantity and quality management. WATER NEXUS will develop a coherent set of technologies 
that will enable such a breakthrough. It focuses on large volume sectors (agri/horticulture and industry) with 
a high impact in solving scarcity. 
 
WATER NEXUS is a paradigm shift in water sourcing and use. Saline water is not treated as a threat but as 
an opportunity: creating alternative water sources for economic use - saline water as a new economic driver 
– and protecting essential freshwater resources: 
 Water distribution control: control models are developed to create an optimal spatial distribution of saline 

and freshwater (saline water where possible, freshwater where essential).  
 Alternative sources: treatment technologies are developed to make saline water suitable for large, 

specific applications (such as cooling and agriculture), with minimal costs, i.e. only removing those 
substances that hinder use (e.g. monovalent salts), and maintaining substances beneficial to use (e.g. 
nutrients). 

Key to WATER NEXUS is that it covers the entire innovation chain: partners involved are universities, 
institutes for applied research, technology providers, consultants and end users (including Dutch water 
managers). WATER NEXUS combines excellence in fundamental and applied sciences with application 
knowledge from private companies.  
 
1.2 Summary of the applications and industrial and/or societal relevance 
Good quality freshwater is essential for public health, food production and certain types of industry. 
Worldwide, freshwater scarcity is an immense problem, and rapidly increasing: 
 For agriculture the shortage already is more than 100 billion m3/yr.  
 For domestic use, a shortage of 50% is forecasted for 2020.  
 For industry demand in 2025 is predicted to be at twice the level of the year 2000.  
The pressure on resources from growing demand (and increasing pollution) is enhanced by predicted 
changes in climate (extremes in drought and precipitation and rising sea levels) and soil subsidence 
(saltwater intrusion)1.  
 
WATER NEXUS is unique in its integral approach of water scarcity. It creates practical , high impact, 
solutions that can be implemented by authorities and large industries to safeguard and control water 
availability on both the short and the long term. Other programs like the MIT Global Change Program are 
limited to a description of developments in demand, and do not identify intervention options.  
 
WATER NEXUS solutions offer excellent export opportunities, strengthening the leading position of Dutch 
institutes and private companies. Worldwide, Dutch knowledge institutes and private companies are 
recognized as leading in developing integral solutions for water management: treating quantity and quality 
aspects as inseparable parts of water supply and demand. The Netherlands has a unique research 
infrastructure including test sites where solutions can be tested in field trials. WATER NEXUS combines 
validation of models and technologies in a national (using the facilities available) with validation and testing 
in representative cases abroad. These practical demonstrations of WATER NEXUS solutions can serve as 
reference projects for future marketing. Users participating in WATER NEXUS are committed to taking the 
necessary steps for full market implementation after completion of the program.	 	

                                                                  
1 Soil subsidence is not only caused by natural settling of the sediments in delta areas, but also by over extraction of ground water. An 
extreme example is the Jakarta area in Indonesia, with a soil subsidence rate of 1 cm/yr (see for instance www.sciencepalooza.nl). 
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2. Main scientific challenges and research lines  
State of the art 
Historically, delta areas solely rely on freshwater cycles-of-use, i.e. intake – treatment – use – treatment –
discharge. Saltwater intrusion is countered by flushing freshwater through canals and rivers, a well-known 
practice in the Netherlands. But this approach  is no longer sufficient to secure water supply essential for 
domestic, industrial and agricultural use.  

 
WATER NEXUS innovation 
WATER NEXUS is a high impact paradigm shift in water 
supply: saline water is not treated as a threat but as an 
opportunity.  
 
The figure to the left compares WATER NEXUS to present 
developments. Solutions are now sought through saving water 
by closing loops and by converting brackish water into 
freshwater (e.g. PURO project in the Netherlands).  
 
In WATER NEXUS saline water is used to protect essential 
freshwater resources, and to create saline water alternatives 
for freshwater use.  
 
The program consists of three interdependent research lines: 
Resource management: the focus of this research line is to 
obtain (and maintain) an optimal spatial distribution of saline 
and freshwater (saline water where possible, freshwater where 

essential) by developing models and control tools for strategic and operational water management. Instead 
of using scarce freshwater to reach such a distribution – e.g. flushing as described above – saline water is 
used to push freshwater to critical areas. Special attention will be given to salt concentrations at root zone 
levels, essential for food production and nature development. Here especially monovalent salts can be 
detrimental. 
 Treatment cycles of use: the focus of this research line is to develop treatment technologies enabling the 

use of saline water as an alternative to freshwater use. Sources can be either natural saline water, or water 
from industrial production such as from oil and gas production. Technologies are sustainable and cost 
efficient, removing only those substances that hinder use of saline water (e.g. monovalent salts and 
pesticides) and maintaining those that are beneficial to the end use (e.g. nutrients). 

 Integral blueprints: this research line focuses on developing integral solutions, combining the new 
technologies from WATER NEXUS, for optimal use of freshwater and saline water quantities and qualities. 
Integral solutions and underlying models will be validated and tested in simulated and practical cases. 

 
Research lines and scientific challenges 
WATER NEXUS consists of three research lines, with a total of 5 projects. 
 
Research line 1. Resource management: monitoring and control  
The first research line – resource management – develops mapping and control models that enable 
authorities and large industries to assess vulnerabilities in the water system, and reach an optimal spatial 
distribution of saline and freshwater. Models developed remove the barrier of lack of data in mapping and 
include forecasts (climate change and weather variations) that make control more effective. 
 
Project 1.1 Resource analysis and regional water management (project leader: M. Bierkens – UU, 
participating research groups: Physical Geography – UU, Water Resources Management – DUT) 
The focus of the project is to develop models and techniques that enable strategic and operational water 
management, resulting in an optimal spatial distribution of saline and freshwater, on a regional scale. The 
project consists of the following parts: 
 Rapid mapping: combining readily available global data and (a minimum of) earthbound data into models 

for accurate monitoring and prediction of spatial distribution 
 Rapid modelling: developing a toolbox for quick and comprehensive model construction and scenario 

development, enabling identification of vulnerabilities and opportunities for water distribution control, and 
the robustness of the water system against autonomous and anthropogenic changes. 

 Operational management: integrating forecasts on weather and water transport into models for predicton-
based control of regional water distribution. The models are scalable to enable the assessment of the 
effects of interventions on both a regional and local scale. 

 
Project 1.2 Local operational water management and control (project leader S. van der Zee – WU, 
participating research groups Soil Physics and Land Management – WU, Systems Ecology - FU) 
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This project focuses on operational management and control of water availability on a local (farm or plant) 
scale. The project consists of the following parts: 
 Anticipatory drainage: development of a dynamical model coupling the vadose (or unsaturated) zone 

with ground and surface water enabling prediction based active drainage for water level control. 
 iNurture: development of a model for water quantity and quality at the root zone, incorporating 

transpiration and (stochastic) meteorological forcing. 
 iRe-use: development of a integral model for chemical balance in case of reuse of wastewater. 
 
Scientific challenges research line. The major scientific challenges are: 
 Monitoring: The main challenge is to develop models that accurately describe spatial distribution by with a 

minimum of earth bound data. Thorough understanding of the hydrological characteristics of the subsoil 
and transport flows of water and pollutants is needed to enable accurate modelling based on airborne data. 
The new models not only reduce monitoring costs significantly, but also enable fast and reliable monitoring 
in data poor regions. 

 Scalability: The challenge is to develop models that can ‘zoom’ between local and regional scale, 
incorporating both autonomous and anthropogenic changes (e.g. population growth, climate change and 
water extraction). Authorities responsible for water quantity and quality focus on a regional or delta level. 
For (large) industries and agriculture, the main focus is local availability (plant or farm scale). However, the 
impact of industry and agriculture on the water availability on a regional scale is becoming more and more 
important, and vice versa measures on a regional scale may affect local availability.  

 Quality distributions: The challenge is to develop models that accurately predict salt levels at the root zone 
the crucial factor for plant growth. Salt, in particular monovalent salts, have a direct negative effect on plant 
growth and can induce irreversible deterioration of soil quality. Existing models can predict the presence of 
water quantities to some extent, but perform poorly on quality distribution. Transport of salts (and other 
relevant pollutants) through the soil and reliable predictions of saline-freshwater boundaries must be 
included in the new models. 

 Anticipatory drainage: The challenge is to combine weather forecasts, smart telemetric measurements of 
soil humidity and salinity into models that can control drainage systems in such a way that maximum 
buffering of water can be achieved (levelling out peaks in precipitation) with good control of salinity at root 
levels. Allowable bandwidth of control is determined by researching plant resistance to salt shock loads.  

 Replenishment of resources: The challenge here is to fill the knowledge gap on the of pollutants on soil 
quality. Saline water (including wastewater) can be used to supplement available water quantities, but long 
term effects of such replenishment are unknown. Pollutant transport and accumulation will be investigated.  

 

Research line 2. Treatment cycles of use2  
Research line 2 – treatment cycles of use - develops sustainable, cost efficient treatment technologies that 
enables the use of saline water in specific, large volume  end uses. Targeted technologies remove only 
those pollutants that prohibit the use of saline water, and maintain substances beneficial to the end use. 
 
Project 2.1 biological nutrient removal (project leader H. Temmink – WU, participating research groups 
Environmental Technology, Laboratory of Microbiology – WU, Environmental Biotechnology - DUT) 
This project focuses on enhancing salt tolerance of anaerobic and aerobic granular sludge processes for 
nutrient removal. Nutrient removal is important for industrial applications of salt water (preventing growth of 
micro-organisms). The project consists of the following parts: 
 granule stability: research on the mechanisms underlying the effect of salts on mechanical granule 

stability 
 microbial activity: research on the mechanisms underlying the effect of salts on the microbial 

composition and activity of granules 
 process development: developing and testing on pilot scale of processes with improved salt tolerance. 
 
2.3 Electrochemical removal (project leader K. Nijmeijer – UT, participating research groups Membrane 
Science and Technology – UT, Catalysis and Surface Science – UL, Environmental Technology - WU) 
This project focuses on removal of organic pollutants, pathogens and monovalent salts. The technologies 
developed enable use of industrial (produced) water in agri/horticulture  and closing loops in agri/horticulture. 
Saline water has a high conductivity, which offers excellent opportunities for electrochemical removal. 
Flexible systems are developed that can treat a wide range of water qualities, combining electrochemical 
removal with membranes for specific removal. The project consists of the following parts: 

                                                                  
2
 Note, the initial program proposal contained a project 2.2 devoted to eutectic freezing to remove salts. After questions by the 

evaluation commission, and discussions with a number of parties involved, the conclusion was that the overlap with existing initiatives 
was large, and WATER NEXUS could not create sufficient added value to justify an additional effort. 
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 Electrodes: development of modified electrode surface (e.g. boron doping or lead oxide anodes) for 
effective degradation of recalcitrant organic pollutants and attacking cell wall/membranes of pathogens. 

 Membranes: development of membranes for specific removal of monovalent salts and organic pollutants 
that cannot be removed with electrochemical treatment. 

 Plant-microbial desalinization cells (PMDC): development of cells that combine low pressure membrane 
desalinization with in situ electricity generation.  

 
Scientific challenges research line 2. The major challenges are: 
 Microbiology: The challenge is to ‘push the envelope’, i.e. develop processes with higher salt tolerance. 

Microbiological removal of pollutants has many advantages. Generally speaking, energy use is low and 
with anaerobic processes biogas can be produced; a green energy carrier. The use of granular sludge, an 
area where Dutch industry is strong, has additional advantages, as it allows compact (low investment 
cost) construction. But salt can prohibit granule formation and stability, especially monovalent salts. 
Developing stable and effective processes requires thorough understanding of the mechanisms 
underlying granule formation, stability and microbial activity. 

 Electrochemical removal: The challenge is to develop electrodes that effectively degrade organics (e.g. 
pesticides that are detrimental for use in agriculture) and recalcitrant fractions of TOCs (especially 
humics), and neutralize pathogens. Saline water has high conductivity compared to freshwater. Where 
typically the presence of salts is considered a problem, in fact it is an opportunity for effective removal of 
pollutants with electrochemical technologies 

 Membranes: The challenge here is to develop new membrane materials and chemistry that effectively and 
specifically remove monovalent salts and organic micro-pollutants that cannot be removed 
electrochemically. Achieving specificity of salt removal takes away the barrier of osmotic pressure 
limitation of desalination membranes. 

 PMDC: The challenge is to develop effective, tubular shaped, electrode assemblies combined with 
specific ion removal membranes and to stimulate the development of electrochemically active micro-
organisms. 

 System development: The challenge is to develop flexible systems that can treat a large variety of water 
qualities. The components developed in the other work packages are combined and integrated to reach 
optimal removal efficiency, i.e. coupling pollutant characteristics with properties of electrodes (including 
electrical loading patterns), membrane chemistry and PMDC-microbial activity.  

 
3. Integral blueprints (project leader (and program leader) H. Rijnaarts – WU, participating research groups 
Environmental Technology – WU, Institute for Biodiversity and Ecosystem Dynamics – UoA)  
Research line 3 – integral blueprints - focuses on the development of integral solutions on system level for 
practical, high impact, cases. Maximising the use of alternatives for freshwater is supported by developing 
(real time) models connecting the availability of fluctuating quantities of water of different qualities and a 
variety of end uses. The project consists of the following parts: 
 Dynamical modelling: developing modelling techniques for optimal, real time matching of supply and 

demand. 
 Natural systems: developing wetland type systems for water purification, storage and biomass 

production. Model systems will be developed and tested for different climate zones. 
 Integral solutions: developing integral strategies that combine treatment technologies, boundary 

conditions for use and dynamical modelling. The strategies will be tested and validated in practical cases. 
 
Scientific challenges research line 3. The major challenges are: 
 Dynamical modelling: The challenge is to develop effective modelling techniques that enable real time 

matching of supply and demand. Existing models either focus on single pollutants (e.g. pinch analysis) or 
only produce a static overview of supply and use pathways. The reality is that water supply comes with a 
mix of pollutants and varies over time.  

 Natural systems: The challenge here is to remove those substances that limit use and to maintain those 
substances that promote biomass growth. Wetland type systems offer opportunities for both water 
purification and large volume storage. The latter can be used to level out temporal fluctuations in supply 
and demand, safeguarding availability for critical applications. Wetlands can also be used to produce 
biomass that can serve as feedstock for the biobased economy. Developing wetland systems as a 
component of supply-demand schemes is particularly interesting for areas where large volumes of water 
are produced such as in the gas and oil industry, and coal gasification in Northern China. Water typically 
not only contains salts but also a variety of aromatics.  

 Enabling technologies: the challenge here is to identify those technological options that open up high 
impact pathways for use of saline water, as an alternative to freshwater use. New (research line 2) and 
existing treatment technologies, new knowledge on natural systems (research line 3) and dynamic 
modelling of supply and demand (research line 3) will be combined with boundary conditions for 
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applications and reuse (research line 1 and discussions with end users).  Integral strategies developed are 
tested and validated in practical, high impact cases. 

 
Coherence, multidisciplinarity, and programmatic value 
WATER NEXUS is a multidisciplinary program. Its execution requires a combination of scientific disciplines, 
such as geohydrology, soil physics, microbiology, membrane technology, electrochemistry, catalysis and 
surface science, and systems ecology. Scientific disciplines are combined at project level, but also at 
program level: research line 3 integrates the results of the other projects.  
 

The figure left describes the 
interactions between the different 
projects in the WATER NEXUS 
program. The value of executing 
WATER NEXUS as a coherent 
program is self-evident, results 
are exchanged between project 
and integrated in research line 3 
on a system level. This could 
never been achieved as 
effectively with separate projects. 
The interchange and integration 
of results is supported by the 
project organisation (see § 5). 

 
3. Application perspective at the programme level  
 
Societal and economic relevance and impact 
Present attempts at finding solutions (e.g. reuse of freshwater) are fragmented and can alone not create 
sufficient quantities to secure future supply. WATER NEXUS introduces a paradigm shift in water supply and 
use: treating saline water a an opportunity – saline water where it can, freshwater where it must. By 
developing integral solutions for water management and enabling the use of saline water as an alternative to 
freshwater use, WATER NEXUS creates high impact options to meet the future challenges. Agri/horticulture 
and industry – both users of large quantities of water – are important focal points. 
 
The availability of good quality freshwater is crucial to public health, food production and certain types of 
industry. Its societal and economic relevance is enormous. Scarcity of freshwater is a large, and rapidly 
increasing, problem worldwide. The figure below shows some aspects of the problem: existing and 
forecasted shortages and the location of areas which are most threatened. The map shows that scarcity is 
by no means limited to developing countries. The largest problems are found in highly developed, and fast 
growing economies. 
 

 
 
Figure 1: global water use (left), and areas with existing freshwater shortages (right). 
Scarcity of freshwater is an immense problem in highly developed areas, and developing economies. Already shortages 
exist, and shortages are predicted to grow rapidly. For agriculture, worldwide shortage already is more than 100 billion 
m3/year, for domestic use a shortage of 50% is forecasted for 2020, industrial use is expected to double in 2025, 
compared to 2000 levels.  
 
Delta areas (and coastal zones) are of special importance to economic activity and development. Two thirds 
of the world’s largest cities are in deltas and coastal zones, and half the world’s population will live in delta 
areas in this century. Availability of freshwater is threatened by growing demand and pollution, aggravated 
by predicted climate change (rising sea levels and prolonged periods of drought). Solutions must be found to 
secure good quality freshwater for critical applications, and to improve robustness of water supply to 
autonomous and anthropogenic changes and interventions. 
 



Pagina 7 / 27  
 
 

 

WATER NEXUS has an international orientation: it aims at solutions for areas worldwide. For the 
Netherlands, the effects are twofold: 
 Water shortage: the national water plan predicts freshwater shortages from 2015 onward. Solutions 

developed in WATER NEXUS can be implemented in the Netherlands. In fact, the Netherlands are an 
excellent test environment for those solutions as knowledge levels on an integral approach of water 
quantity and quality issues are high. The Netherlands also has a unique research infrastructure and 
facilities for field trials. 

 Export opportunities: the solutions developed in WATER NEXUS provide excellent export opportunities 
for Dutch private companies and knowledge institutes. Potential end users are both governments and 
(large) industries. Common practice is that private companies can directly work with industries, whereas 
governments are best approached by combined groups of applied knowledge institutes (e.g. Deltares, 
TNO, Alterra and KWR) and private companies. As such knowledge institutes play a pivotal (and 
business) role in government markets. 

 
The new technologies and models developed in research lines 1 and 3 can be implemented on the short 
term. In fact, the Netherlands already has a strong position in developing and offering integral solutions for 
water management. Technologies developed in research line 2 will have a longer time-to-market (in the 
order of 3-5 years) but implementation profits from the already strong position of Dutch companies, and 
international presence, in key areas involved. 
 
Demand steering and commitment of users 
partner Description relevant to role in WATER NEXUS participates in
Technology suppliers 
Eijkelkamp Supplier of smart, telemetric equipment for moisture 

measurements, consultant on irrigation planning 
1.1, 1.2, 3 

Pentair Supplier of advanced membranes and green membrane systems 2.3 
Priva Supplier of total systems for internal climate control in housing and 

horticulture, including water treatment 
2.3 

Nijhuis  2.1 
Magneto Supplier of electrodes and equipment for electrochemical water 

treatment 
2.3 

Paques Supplier of anaerobic water treatment equipment 2.1 
RoyalHaskoningDHV Supplier of aerobic water treatment equipment 2.1, 3 
Voltea Supplier of capacitive deionization equipment for desalinization 2.3 
Plant-e Supplier of PMDC systems 2.3 
Consultants (including knowledge institutes with commercial consultancy practice)
RoyalHaskoningDHV Consultancy on spatial planning including water systems and 

water treatment 
3 

Witteveen+Bos Consultancy on spatial planning including water systems and 
water treatment 

2.1 

Fugro Geoservices Mapping of (hydro-)geological features and water systems 1.1 
Alterra  1.2 
Deltares Consultancy on spatial planning including water systems, and 

water system infrastructure 
1.1, 3 

TNO Consultancy on spatial planning including water systems and 
water treatment 

1.1 

KWR Consultancy on integral planning of water cycles 1.2, 3 
End users 
Shell Producer of oil and gas 1.1, 1.2, 2.1, 

2.3, 3 
Dow Benelux Producer of bulk and fine chemicals 2.3, 3 
Hollandsce Greenkeeping Mij. Owner of golf courses and sports fields  1.2 
Oasen Drinking water producer and supplier 2.3 
STOWA Joint research organisation and platform for knowledge 

dissemination of the Dutch water managers 
1.1, 1.2, 3 

Hoogheemraadschap Rijnland Water board, responsible for water quantity and quality control 1.1 
WLN Technology centre of Waterbedrijf Groningen 

Waterleidingmaatschappij (drinking water producers and 
suppliers) 

2.1, 3 

 
Throughout the definition of the WATER NEXUS program, and detailing of the projects, the involvement of 
end users has been intensive. Project meetings have been used to define key research questions, concrete 
market opportunities and project results that can be marketed on the short to midterm. The information of the 
end users on high impact cases has been crucial in selecting practical cases that can be used for testing of 
the results, but that also will serve as reference cases in marketing. The WATER NEXUS consortium covers 
the entire innovation chain, knowledge institutions, technology suppliers, system developers (both private 



Pagina 8 / 27  
 
 

 

consultants and applied knowledge institutes), and end users (see table above). The consortium members 
contribute in cash and in kind (joint research), to a total of more than 35% of the total program budget.  
 
Utilisation 
The users are committed to taking the necessary steps for full market implementation after completion of the 
program. For all research lines, technologies and models developed will be tested in practical circumstances. 
The involvement of the users is crucial here, as they supply data for practical cases, and facilities for testing. 
Project deliverables have been defined in such a way that users can readily implement results, i.e. pilot scale 
tested treatment technologies, and models that can be rapidly converted to software for consultancy 
practice.  
 
4. Strategic relevance of the programme  
Positioning in international research 
The integral approach of WATER NEXUS is worldwide unique, and connects to the specific strength of the 
Dutch industrial and knowledge infrastructure of ‘delta technology’. It combines excellence in water 
management and water treatment technology. Water scarcity in delta areas – areas where half of the world’s 
population will reside in this century – is imminent and rapidly increasing.  
 
Present research programs are fragmented, i.e. focus on partial solutions. Making more efficient use of 
freshwater resources (closing loops and use of waste water), and converting brackish and saltwater into 
freshwater are insufficient to resolve the problem of water scarcity, and in many cases are connected with 
high costs and poor sustainability. Only an integral approach of resource management and water use can 
provide a real solution. The projects of WATER NEXUS provide the building blocks for this integral 
approach, enabling control of the distribution of fresh and saltwater, and enabling cost-efficient and 
sustainable cycles-of –use of saline water. 
 
WATER NEXUS can create a breakthrough in water supply and use, and will strengthen the leading position 
of the Netherlands in an integral delta approach. 
 
Other initiatives 
WATER NEXUS contributes to strategic goals of the Dutch government, and builds on the strengths of the 
Dutch Delta Approach: 
 The Dutch ministry of Economy, Agriculture and Innovation signed the innovation contract ‘Delta 

Technology, bring in the Dutch’ of the top sector water. This contract contains the business case ‘Living 
with salt’. This business case will benefit from tools and models developed in WATER NEXUS. WATER 
NEXUS also contributes to the general export ambitions of the top sector water. 

 The NWO3 program ‘urbanizing cities of the world’, is directed at sustainable economic development in 
river deltas, with water and food security as primary issues. It can profit from the high impact solutions 
developed in WATER NEXUS. 

 In the prior project ‘Knowledge for Climate’, an analysis was made of salinity issues in the west of the 
Netherlands. The knowledge developed, provides a good starting point for WATER NEXUS. Available 
data can be used to test models and tools developed in research line 1. 

 In Wetsus a variety of treatment technologies is developed, including some treatments of saltwater. 
WATER NEXUS will use the knowledge developed in Wetsus, and will concentrate on complimentary 
technology to avoid overlap. 

 The Center of Expertise Delta Technology (an initiative of the Universities for Applied Sciences of 
Zeeland, Rotterdam and Larenstein), aims to improve educational programs for delta technology and 
perform applied research. Students from the universities will be involved in research line 3, in field trials, 
as part of their training. They will be embedded in the scientific and business oriented environment of 
WATER NEXUS; a unique and excellent learning experience. 

 E4water, an FP7 EU project on reducing water footprint of chemical industry by closing process loops 
and improving efficiency. It does not provide the integral solutions as WATER NEXUS does. 

 MIT Global Change Program, this program and similar initiatives focus on a description of future trends. 
WATER NEXUS is unique in the sense that trend analysis is combined with developing models, tools 
and treatment technologies that enable interventions in the water system, to solve scarcity problems. 

 As part of the NWO  national program for investment in large research facilities, the socalled 
MODUTECH facility (Modular Biobased and Environmental Sciences and Technology Facility) was 
created at Wageningen Univerisity. This facility offers the opportunity to create simulated ecosystems 
and will play a central role in research line 3.  

                                                                  
3
 The Netherlands Organisation for Scientific Research 
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Innovation in knowledge networks 
WATER NEXUS broadens the scope of solutions offered, and can create real breakthrough solutions. 
WATER NEXUS combines excellence in fundamental and applied science with excellence in market and 
application knowledge of private companies, and practical knowledge of key end users. Several of the 
partners have worked together in smaller groups, but never in consortia on the scale of a program like 
WATER NEXUS.   
 
5. Structure and organisation of the programme 
The organisational structure of WATER NEXUS supports and strengthens the interaction between the 
research lines and projects described above.  
 

 
 
The program leader is directly responsible for exchange and integration of the results: 
 He is project leader of research line 3, the research line where all results are combined in integral 

solutions on system level. He is supported by 3 PhD students and a postdoc, working in research line 3. 
 Co-workers of the program leader are active in a several of the projects, part of their role is integration of 

results at project level. The research group of the program leader, thus, creates a ‘natural backbone’ for 
fast exchange of results and synergy options between projects. 

 The senior researchers, that act as project leaders, form the scientific committee. The committee, chaired 
by the program leader, is responsible for scientific progress and forward planning, and exchange of 
results. 

 As is the custom in STW programs, for each project a user committee is formed, consisting of potential 
users of the results directly connected to the projects. In these users committees, results are discussed 
from a perspective of utilisation. The user committee of research line 3 serves as an integration platform 
for the entire program. Focus here is on maximising utilisation options by combining results of all projects. 

 
The exchange of results will further be supported by PhD seminars, organised by the program leader. 
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Research lines Projects Applying research groups4 Potential users 
1.  1.1   Utrecht University Physical Geography (QANU 4,4,4,5), prof. 

dr. Ir. M.F.P. Bierkens  
 Delft University of Technology, Water Resources 

Management (QANU 3,3,4,3), prof. dr. Ir. N.C. van de 
Giesen 

Eijkelkamp, Fugro Geoservices, Shell, Deltares, TNO, 
Hoogheemraadschap Rijnland, STOWA 

 1.2   Wageningen University, Soil Physics and Land Management 
(QANU 4,4,4,4), prof. dr. S.E.A.T.M. van der Zee, prof. dr. 
C. Ritsema 

 VU University of Amsterdam, Systems Ecology (QANU 
4,4,4,5), dr.ir. P.M. van Bodegom 

Eijkelkamp, Shell, KWR, HGM, STOWA, Alterra 

2.  2.1  Wageningen University, Environmental Technology (QANU 
4.5.5.4), dr. Ir. B.G. Temmink, Microbiology lab, dr. C.M. 
Plugge 

 Delft University of Technology, Environmental Biotechnology 
(QANU 5,4,5,4), prof. dr. Ir. M.C.M. van Loosdrecht 

Paques, RoyalHaskoningDHV, Shell, WLN, Nijhuis, 
Witteveen+Bos 

 2.3  University of Twente, Membrane Science and Technology 
(QANU 4,5,4,5), prof. dr. Ir. K. Nijmeijer 

 Leiden University, Catalysis and Surface Science (QANU 
4,3,4,4), prof. dr. M.T.M. Koper 

 Wageningen University, Environmental Technology (QANU 
4,5,5,4), prof. dr. Ir. C.J.N. Buisman 

Pentair, Magneto, Shell, Priva, Oasen, Voltea, Dow 
Benelux, Plant-e 

3 3  Wageningen University, Environmental Technology (QANU 
4,5,5,4), prof. dr. Ir. H.H.M. Rijnaarts 

 University of Amsterdam, Institute for Biodiversity and 
Ecosystem Dynamics, (QANU 4,4,4/5,3/4), prof. dr. W.P. de 
Voogt, dr. J.R. Parsons 

Dow Benelux, Shell, Eijkelkamp, RoyalHaskoningDHV, 
Deltares, KWR, STOWA, WLN 

 
Table 1 Schematic overview of the programme 

                                                                  
4
 With the research groups the most recent QANU score is given. QANU is the Dutch rating system for research audits (peer review). 5 (maximum score) = internationally leading, 4 = nationally leading, 

international player, 3 nationally competitive, internationally visible. Marks are given for scientific quality, productivity, relevance, and viability, respectively. 
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The research lines have been described in § 2, detailed descriptions of the projects are added as 
separate files. The table below shows the overall planning of the projects, detailed planning of 
activities in projects are part of the project descriptions in the separate files. 

 
Table 2. schematic representation of the research planning 

 
Research 
line 

Project 0-6 
month 

6-
12 

12-
18  

18-
24  

24-
30  

30-
36  

36-
42 

42-
48 

48-
54 

54-
60 

60-
66 

66-
72  

1 1.1             
 1.2             
2 2.1             
 2.3             
3 3             

 
6. Financial planning 
 
Budget Requested from STW Co-funding (cash) Co-funding (in kind) 
Programme 
activities 

 € 0 
  

3 PhD seminars, budget neutral 

Project 1.1 Personnel positions: 
- 3 PhD: € 543.669 
- 1 Postdoc: € 119.714 
Consumables:  € 248.000 
Travel abroad:  € 79.000 
Investment:  € 99.618 
 

- TNO € 100.000 
- Deltares: € 70.000 
- Rijnland: € 60000 
- Shell: € 50.000 
- Eijkelkamp: € 25.000 
- STOWA: € 20.000 
- Fugro: € 15.000 

- TNO € 100.079 
- Deltares: € 123.760 
- Eijkelkamp: € 11.600 
- STOWA: € 12.450 
- Fugro: € 100.000 

Project 1.2 Personnel positions: 
- 3 PhD: € 543.669 
Consumables:  € 347.000 
Travel abroad:  € 29.000 
Investment:  € 114.250 
 

- Shell: € 25.000 
- Alterra: € 100.000  
- KWR: € 70.000  
- HGM: € 60.000 
- STOWA: € 25.000  
- Eijkelkamp:  € 5.000  

- Alterra € 71.400 
- KWR € 76.160 
- HGM € 17.600 
- STOWA € 11.600 
- Eijkelkamp 12.450 

Project 2.1 Personnel positions: 
- 2 PhD: € 362.446 
- 1 Postdoc: € 119.714 
Consumables:  € 140.000 
Travel abroad:  € 15.000 
Investment:  € 135.000 

- Shell: € 40.000 
- Paques: € 40.000 
- RHDHV:€ 40.000 
- Nijhuis € 40000 
- W+B: €40.000 
- WLN: € 15.000 

- Paques: € 10.000 
- RHDHV: € 19.040 
- Nijhuis € 50.005 
- W+B: € 39.400 
- WLN: € 5.000 

Project 2.3 Personnel positions: 
- 4 PhD: € 724.892 
- 1 NWP: € 44.257 
Consumables:  € 155.353 
Travel abroad:  € 28.000 
Investment:  € 87.500 
 

- Shell: € 50.000 
- Dow: € 50.000 
- Priva: € 50.000 
- Pentair: € 40.000 
- Oasen: € 40.000 
- Magneto: € 30.000 
- Voltea: € 20.000  

- Dow: €48.150 
- Priva: €29.988 
- Pentair: €141.000 
- Oasen: € 36.850 
- Magneto: €101150 
- Voltea: € 56.700 
- Plant-e: € 101.000 

Project 3 Personnel positions: 
- 3 PhD: € 543.669 
- 1 Postdoc: € 194.266 
Consumables:  € 134.500 
Travel abroad:  € 32.000 
Investment:  € 130.000 
 

- Shell: € 100,000  
- DOW: € 100,000  
- RHDHV: € 20,000  
- KWR: € 30,000   
- Deltares: € 30,000  
- Eijkelkamp: € 5,000  
- STOWA: €10.000  
- WLN: €10.000   

- DOW: € 96.300  
- RHDHV: € 29.988  
- KWR: € 29.988  
- Deltares: € 54.978  
- Eijkelkamp:  € 2.490 
- STOWA: (€ 10.115 
- WLN: € 5.000 

Total  € 3.500.000 In cash: € 1.420.000. In kind: € 1.389.991.
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B. Description of the projects in the programme 

 

Project number:  1.1 
Project title: Resource analysis and regional water 

management 
 

Project leader: Prof. dr. ir. Marc F.P. Bierkens (Utrecht University). 
 
Requested research positions: 3 PhDs, 1 Postdoc 
 
Budget: Requested from STW: k€ 750       
  Contribution by users: k€ 340 (in cash) & k€ 348 (in kind) 

 
I. Scientific description of the project  
 
I.1 Background 
Project 1.1 focusses on enabling maximum use of saline water by controlling the subsurface fresh-
saline water distribution on a regional level. Key elements are: 
 Developing advanced, integral models for long term, strategic water management.  
 Developing prediction-based models for operational water management. 

 
The project considers a regional/delta scale approach and is closely related to local- and field scale 
water management solutions from project 1.2.  
 
I.2 Scientific challenges 
 Rapid and accurate mapping using airborne geophysics. The challenge is to accurately map 

regional water quantity and quality distributions, making maximum use of airborne data. 
Conventional measurements (e.g. observational wells) are expensive and the necessary 
infrastructure is often not available (data poor regions). There are abundant global data (e.g. 
satellite data) on land use and geological properties but geophysical models based on these data 
are insufficiently accurate. Thorough understanding of the hydrological subsoil characteristics and 
transport flows of water and pollutants (in particular salts) is needed to achieve a breakthrough in 
the use of airborne data. This knowledge enables combining hydrological modelling of the subsoil 
with airborne geophysics to obtain reliable models of water quantity and quality. In situ 
(earthbound) measurement can be kept to a minimum, only used for validation of data and 
models. The breakthrough achieved means that water quantity/quality distributions can be 
mapped rapidly, even for data poor regions. 

 Reliable forecasting of salt-fresh water distribution development. The challenge is to reliably 
predict changes in regional saline freshwater distributions caused by macro trends (e.g. climate 
change, socio-economic developments and weather variability). Present scenarios for macro 
trends many describe effects on a global scale, e.g. sea level rises. For regional water 
management global changes must be translated to regional effects. This requires thorough 
understanding of the hydrogeological processes in a region. In this project, this type of knowledge 
is developed and used for scenario predictions on a regional scale. The results can be used for 
risk assessment (revealing vulnerabilities of the water system), and strategic policy development.   

 Assessment of the sustainability of local interventions on the region. The challenge is to 
translate the impact of local (individual catchment, farm or production plant) interventions  to the 
regional scale (and vice versa). Local interventions (e.g. prediction based drainage of project 1.2) 
affect the water availability on a regional scale; regional water distribution determines local 
intervention options. ‘Zooming in and out’ (scalability) between regional and local scale is crucial 
for integral management for balanced operational water management. Scalability has been 
achieved for meteorological and hydrodynamic models, but not for groundwater hydrology. In this 
project in-depth knowledge of regional hydrology will be developed, enabling integral and 
scalable modelling suited for operational control. 

 



Pagina 13 / 27  
 
 

 

I.3 Workplan 
WP1: Rapid regional mapping of salt-fresh water distributions  
 To assess and monitor locations and volumes of fresh and brackish water in deltas. 

 
Research steps:  

1. Research on water and pollutant transport flows in relation to hydrological characteristics of the 
subsoil. 3D Mapping of groundwater salinity distributions and hydraulic subsoil properties using a 
airborne geophysical mapping. Initial mapping capabilities will be improved by an estimation of 
uncertainty and using joint-inversion with hydrogeological model results.  

2. Cross-validation to investigate the relation between mapping accuracy and available (in situ) data. 
 
WP2: Rapid modelling and scenarios for strategic policy development  
 To predict changes in the regional saline-freshwater distributions based on macro trends 

Research steps:  
1. Developing knowledge to connect macro trends to regional scale (hydrology and transport flows). 

Development of ensembles of scenarios for autonomous changes (climate, sea level and socio-
economic) for integration in WP2. These scenarios can be used to test the vulnerability and 
robustness of water systems. 

2. Development of regional-scale models fit for integration with global scenarios of socio-economic 
development and climate change to predict current and future groundwater and surface water 
availability (fresh/salt).  

 
WP3: Operational management of  regional salt-fresh water resources 
 To enable day-to-day saline-freshwater control for both water managers and water users.  

Research steps:   
1. Forecasting: development of a near real-time forecasting model of fresh water flow and 

groundwater resources by integrating: 
o meteorological, hydrological and agricultural data with the model from WP1; 
o models for salt transport (from project 1.2). 

2. Prediction-based control: Development of models for the prediction of the effect on regional scale 
of local interventions (e.g. inlet of freshwater from buffers) and vice versa. This allows closing the 
loop of water control and intervention assessments. 
 

To ensure optimal exchange of research results, PhD students working in the project will spend part of 
their time at the facilities of the project partners (e.g. at TNO and Deltares). 
Results will be validated in two representative case studies, one in the Netherlands (with abundant 
data) and one abroad (data-poor region). These case studies have been selected together with the 
project partners, to maximize their validity and their value for future marketing.  
 
 Year 1 Year 2 Year 3 Year 4 Year 5 
WP1                     
1                     
2                     
WP2                     
1                     
2                     
3                     
WP3                     
1                     
2                     

 
I.4 Deliverables  

1. Rapid modelling and scenarios for: the strategic policy development of fresh/salt water systems. 
2. Software for operational water management based on near real-time forecasting and prediction-

based control of fresh-salt water resources. 
 
The project delivers models and software tools that can be integrated in existing software packages 
from the consultancy partners (see utilisation plan). This allows rapid utilization of the results in day-to-
day consultancy activities. Intermediate results can be used for rapid assessment and accurate 
mapping of the 3D salinity distribution. 
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II. Utilisation plan 
 
II.1 Economic and societal benefits 
The international challenges on sustainable water management offer excellent export opportunities for 
Dutch private companies and knowledge institutions. The results of the project will strengthen their 
already leading position in developing integrated solutions.  
 
Delta areas, areas of high economic value worldwide, are often threatened by scarcity of freshwater. 
Freshwater availability is crucial to public health and economic development. There is an urgent need 
for models and control tools that enable an integral approach of water management, both on a 
regional and local scale, to safeguard freshwater for critical applications, and enable alternative 
(saline) sourcing. The end users of these models and tools are: 
 Authorities. This project provides authorities responsible for water availability and ecological 

quality with scenario tools to visualize the combined effects of interventions in different areas of 
responsibility. The experience so far is that the best marketing approach is teaming up of 
knowledge institutions and private companies in the development of delta-wide or regional 
strategic planning and operational control.  

 Industry: Industry faces two challenges: 
o availability of freshwater is essential for the continuity of production; 
o minimizing impact of production on local water resources becomes a ‘license to produce’.  

Industrial customers work directly with private consultants. So far, effect analyses focus on a local 
scale (production plant and direct vicinity), though there is a trend towards effect analyses on 
larger scales. For these customers, scalability is of prime importance. This project provides 
models and tools for the assessment of freshwater availability and the impact of their operations. 

 
II.2 Utilisation plan 
The project partners cover the entire innovation chain for the development of integral and sustainable 
solutions for delta areas. Partners include consultancy firms, knowledge institutes, technology 
suppliers and end users. Case studies are key in model development and validation, but also provide 
reference projects for future marketing. In the project, the following partners are involved: 
 UU and DUT. Scientific partners. 
 Deltares and TNO. Scientific partners and commercial consultants. In the latter role, they will 

incorporate the results in their model suites and consultancy practice. They will supply the project 
with existing data and models and will cooperate in the case studies. 

 Eijkelkamp. This private company supplies intelligent measuring equipment and analysis 
software, mainly for water quantity, on a local scale. For the company both project 1.1 and 1.2 
offer an unique opportunity to expand the product range to water quality in an international 
context. The company has a special interest in simplified versions of the models. Within the 
project, they will participate in the case studies, especially in providing and analysing earthbound 
data. Eijkelkamp will use the results for international marketing of new equipment and software. 

 Fugro. This private company is worldwide involved in mapping of water resources. They are 
particularly interested in the development of models and new mapping capabilities, in particular 
for data-scarce regions. These models open up new market opportunities in areas so far not 
covered. In the project Fugro will bring in new (sounding) technology in the case studies. 

 STOWA and Hoogheemraadschap Rijnland: STOWA is the organisation for joint knowledge 
development and dissemination of the Dutch water managers. The water managers are 
particularly interested in the development of measures to counter effects of salt water intrusion in 
ground- and surface water. Direct participation of the Hoogheemraadschap Rijnland (water 
board) not only ties in practical knowledge on water management options, but also provides a test 
ground for control interventions. Rijnland was previously involved in vulnerability analyses for the 
western part of the Netherlands.  

 
All partners provide both in-kind and cash contributions to the project and contribute to the research 
program. In addition, the partners offer pilot locations and participate in pilot research. The following 
table summarizes the individual partner contributions. 
Partner TNO Deltares Rijnland Shell Eijkelkamp Fugro STOWA Total 
Cash  100.000 70.000 60.000 50.000 20.000 15.000 25.000 340.000 
In-kind  100.079 123.760   12.450 100.000 11.600 347.889 
Total  200.079 193.760 60.000 50.000 32.450 115.000 36.600 687.889 
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Project number:  1.2 
Project title: Local Operational Water Management and Control 

 

Project leader: Prof. Dr. Sjoerd E.A.T.M. van der Zee – Wageningen University 
 
Requested research positions: 3 PhD  
 
Budget: Requested from STW: k€ 749       
  Contribution by users: k€ 285 (in cash) & k€ 189 (in kind) 

 
I. Scientific description of the project 
 
I.1 Background 
Project 1.2 focusses on operational management and control on a local (farm) scale to safeguard 
water availability. For plant growth a special point of attention is humidity and salinity at the root zone 
level (needed for food production and nature development). Salinity, in particular monovalent salts, 
can on the short term adversely affect plant growth and on the long term lead to irreversible soil 
degradation. Solutions include: 
 Management of underground fresh water quantities: integrate modelling, monitoring and remote 

control management of drainage to optimize water use and storage, depending on (seasonal) 
weather patterns. 

 Salinity control of the root zone: develop operational tools in drainage/irrigation management to 
limit upward seepage of salt groundwater and stabilize salt-freshwater gradients. Model 
adjustment and determination of plant and crop tolerance to short term variations in soil salinity. 

 Cross sectorial use: determine the effects of groundwater replenishment with industrial 
(produced/waste) water on soil, agricultural crops and groundwater quality. 

This project interacts with project 1.1 on scalable models for regional to local scale and vice versa, and 
with research line 2 on options to use industrial (produced) water sources. 
 
I.2 Scientific Challenges 
 Prediction of salinity at root level. The main  challenge is to develop models that accurately 

describe water quantity and quality at root zone level. This will enable effective control of water 
quantity (humidity) and quality (in particular salinity) through drainage and irrigation systems. 
Present models are limited to the prediction of water quantity. In this project, salt transport models 
will be developed and combined with models for drainage and irrigation. Research will also be 
performed on the resistance of crops, natural vegetation and soil to salt shock loads to determine 
the allowable bandwidth of control measures.  

 Day-to-day management: pro-active drainage systems. The main challenge in the 
development of prediction-based control models for pro-active drainage systems. Present 
adaptive drainage systems use humidity data to initiate control measures. More recent 
developments strive at including weather predictions. This allows water level buffering to even out 
temporal differences in precipitation (weather). The drainage systems have relatively long 
reaction times, though weather changes are abrupt. To make maximum use of buffering 
capability, present weather forecast models based on meteorological data must therefore be 
included. Meteorological data will be combined with smart telemetry of humidity and salt levels. 
The latter requires the development of new sensors. 

 Regional management of drainage strategies. The challenge is to develop models that enable 
regional, rather than farm level drainage control. His is necessary as the requirements for water 
availability and quality differ from site to site (e.g., farm versus nature) and interventions at one 
site can affect other sites. Presently the effects of local interventions on a regional scale cannot 
be predicted. In collaboration with project 1.1 scalable models are developed that connect local 
interventions with regional impacts. Salt and water transport mechanisms on a regional scale will 
be researched to enable model development.  

 Assessment of long-term effects of waste water use. The challenge is to predict the long term 
effects of replenishment of groundwater with industrial (produced/waste) water. Industrial water is 
rich in salts and a variety of other pollutants. Knowledge on the combined, long term effect of 
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salts and other pollutants on plant growth, soil- and groundwater quality is lacking. In this project, 
research will be performed and models developed, on transport and accumulation of pollutants 
and their effects on agricultural crops and wild plant species growth/quality and soil 
characteristics. 
 

I.3 Work plan 
WP1: iDrain – Anticipating drainage systems in salt affected lowlands 
 Develop validated models for optimal water storage by intelligent drainage management. 

Research steps: 
1. Develop remote field drainage management systems using advanced instrumentation and remote 

monitoring techniques. 
2. Coupled modelling of salt and water transport and crop growth as affected by drainage 

management, based on a newly developed module platform for ensemble forecasting under 
erratic rainfall for irrigated and drained salt affected regions. Contaminant and sodicity 
functionalities of WP3 will be incorporated.  

3. Optimization of local and regional drainage management to achieve optimal water storage for dry 
periods (cooperation with project 1.1) using soil-water-plant models that are improved in WP2. 

 
WP2: iNurture – Stabilise existing salt-freshwater distributions and limit temporal variations  
 Improve a Soil-Water-Plant model platform for weather and salinity proof drainage. 
 Develop models for stable salt-fresh gradients in nature (development) sites. 

Research steps: 
1. Monitoring and modelling of various nature (development) sites to support water level 

management that allow stable salinity gradients under erratic weather conditions. 
2. Experimental salt tolerance assessment and the eco-physiological mechanisms thereof for wild 

plant and agricultural crop species with temporary salt stress. 
3. Adjust soil-water-plant model platform with improved plant salt tolerance functions (WP1). 

 
WP3: iRe-use – Economizing marginal (waste) water 
 To develop a Decision Support Module for integrated risk analysis of waste water re-use  

Research steps: 
1. Inventory of integrated quality constraints of soil-groundwater-crop. The project will incorporate 

advanced biogeochemical frameworks to assess sustainability of re-use of contaminated 
wastewater in irrigated agriculture, city greens and sports fields. 

2. Development of integrative models that predict the transport and accumulation of emerging 
contaminants (such as pharmaceuticals, pathogens and oil and gas production chemicals). 

3. Incorporation of sodicity driven soil structure degradation (WP1). 
 
 Year 1 Year 2 Year 3 Year 4 Year 5 
WP1                     
1                     
2                     
3                     
WP2                     
1                     
2                     
3                     
WP3                     
1                                      
2                     
3                     

 
I.4 Deliverables 

1. Tools, models, and methodology guidelines for integrated drainage water management.  
2. Improved soil-water-plant models, with validated plant tolerance.  
3. Integrated and validated sustainability assessment tool for use of marginal (waste) water in 

irrigated and drained horti- and agriculture and city greens.  
 
The tools and models will be directly applicable in the consultancy activities of the project partners and 
at current site of end-users, such as HGM. In addition, the water management solutions can be 
directly applied to existing and future ADS systems, both for local and regional water management.
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II. Utilisation plan 
 
II.1 Economic and societal benefits:  
Saline groundwater affects delta areas, coastal plains and major lakes woldwide. For sustainable 
agriculture, appropriate water management  must ensure 
regular washing of salts out of soil, whereas for nature it is necessary to stabilise existing salt-
freshwater distributions and limit temporal variations. The new models and tools for management and 
control of salt-freshwater distribution, developed in this project, offer great potential to control salinity in 
such a way that crop production and nature development are less dependent on changes in 
freshwater supply (e.g., precipitation, surface water levels). The (re-)use of waste water generates 
additional control options. End users include: 
 Authorities. The project will enable authorities to control salt-freshwater distributions on a day-to-

day basis. This increases the robustness of food production and nature development both on a 
local and regional scale (connection with project 1.1). In this market segment teaming up of 
knowledge institutions and private consultants is the best approach. 

 Agriculture. A secure and safe water supply is vital for agribusiness. Both the availability of 
water and salinity at root level are important factors. Integrated water management options for 
drought and salinity control, in particular in areas where fresh water lenses are vulnerable, are 
therefore of major importance. Project 1.2 will enable farmers to effectively control the water 
supply to their fields. Private consultants can work directly with farmers, often part of cooperatives 
or wholesalers supply chains. 

 Managers of Sports fields and city greens. (Re-)use of waste water may be a sensitive subject 
in agriculture, but is certainly interesting for the maintenance of sports fields and city greens. It is 
important to know the short- and long-term effects of using waste or saline water. Project 1.2 
provides this knowledge. Private consultants can work directly with customers in this segment. 

 Industries. An important aspect in industries is the need to minimize the impact of their 
operations on local water quantity and quality. Project 1.2 generates tools for reliable prediction of 
the effects of local extraction and creates options for cross-sectorial use of water (re-use of waste 
water) and the mitigation of the effect of the release of waste water. Private consultants can work 
directly with industry. 

The case studies in project 1.2 can serve as reference projects for future marketing. 
 
II.2 Utilization.   
Project 1.2 includes universities, knowledge institutes, technology providers and consultancy firms: 
 WU and VU. Are the scientific partners.  
 Alterra. Is a scientific partner and consultant. Alterra will include the knowledge delivered and the 

tools that will be developed in project 1.2 in their consultancy activities, providing added value. 
 KWR Watercycle Research Institute. This research institute aims to provide tailored knowledge 

to optimally organize and manage the water cycle. In particular the results in the area of nature 
conservation and management and the protection of groundwater reserves for drinking water are 
interesting for future consultancy opportunities. 

 HGM. This private golf course and sports field owner intends to directly use results for day-to-day 
management of its own grounds, and to use the the acquired expertise for consultancy of similar 
companies abroad. 

 Eijkelkamp. This private company supplies intelligent measuring equipment and analysis 
software, mainly for water quantity, on a local scale. For the company both project 1.1 and 1.2 
offer an unique opportunity to expand the product range to water quality in an international 
context. The company has a special interest in simplified versions of the models. Within the 
project, they will participate in the case studies, especially in providing and analysing earthbound 
data. Eijkelkamp will use the results for international marketing of new equipment and software. 

 Shell is as an industrial partner particularly interested in creating options for cross-sectorial use of 
water.  

 STOWA is the organisation for joint knowledge development and dissemination of the Dutch 
water managers and aims to apply the results in their activities. 

 Partner Alterra KWR Shell HGM STOWA Eijkelkamp Totaal 
Cash  100.000 70.000 25.000 60.000 25.000 5.000 285.000 
In kind  71.400 76.160  17.600 11.600 12.450 189.210 
Total  171.400 146.160 25.000 77.600 36.600 17.450 474.210 
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Project number:  2.1 
Project title: Biological nutrient removal 

 

Project leader: Dr.ir. Hardy Temmink (Wageningen University) 
 
Requested research positions: 2 PhDs, 1 Postdoc. 
 
Budget: Requested from STW: k€ 557       
  Contribution by users: k€ 215 (in cash) & k€ 123 (in kind) 

 
I. Scientific description of the project 
 
I.1 Background 
In industrial processes water of lower than drinking water quality can be used in many different 
applications. Prerequisite is that certain pollutants, in particular biological nutrients, are removed. This,  
to prevent unwanted growth of bacteria and pathogens, leading to biofouling and health and safety 
risks. 
 
Project 2.1 develops compact anaerobic and aerobic granular biomass technology for biological 
treatment of saline wastewater, thus removing these organic pollutants. In combination with post-
treatment in wetlands (project 3) or membrane and electro-cracking (project 2.3) this will provide for  a 
water source fit for use in industrial processes. From a sustainability point of view, biological removal 
has large advantages compared to treatment technologies, such as filtration. 
 
I.2 Scientific challenges 
The scientific challenges are: 
 To ‘push the envelope’ of granular biomass technologies by developing robust and active 

anaerobic and aerobic granules with improved salt tolerance. Although the underlying 
mechanisms are largely unknown, high concentrations of NaCl have a negative impact on 
treatment performance of granular technology. This is mainly attributed to: 

o gradual wash-out of viable biomass; 
o osmolytic inhibition of the microbial activity.  

Although never tested before on granular biomass, indications are that this can be counteracted 
by several measures including: 

o application of salt-tolerant microbial inocula; 
o addition of multivalent cations to counteract the negative impact of monovalent cations; 
o addition of compatible osmolytes to protect the microbes from the increased salinity; 
o adjusting the organic composition of the wastewater to optimize the microbial population. 

 To understand the unknown relationship between specific wastewater characteristics and the 
applicability and characteristics of the granular sludge technology. Once unravelled, expensive 
and laborious long-term pilot-scale testing becomes obsolete. This knowledge also supports the 
selection between anaerobic and aerobic granular technologies. 

 To determine the operational strategy and design rules for full scale treatment of complex saline 
wastewaters. Typically, industrial waste water suffer from time variations in salinity and shock 
loads of (organic) compounds. This can significantly inhibit conversion. Indications are that 
granular sludge processes are more robust to such variations, but the conditions for this 
robustness must still be determined. 

 
I.3 Work plan 
WP1: Formation of robust granules under saline conditions 
 Research into the mechanism of granule formation and granule activity at different salinity levels 

and stimulation of granulation at high salinity. 
Research steps 

1. In laboratory scale reactors fed with synthetic wastewater, the two dominant processes 
contributing to granulation will be studied at different salinity levels: 

a. precipitation of salts which can act as granule nuclei; 
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b. microbial production of extracellular polymeric substances (EPS) which form the backbone of 
microbial aggregates.  

This involves granule and EPS characteristics and composition as well as microbial population 
dynamics, EPS producing capacity of the microbial population and the sensitivity of these to 
osmotic toxicity. 

2. For higher salinity levels, where granulation proves to be difficult, stability and activity in response 
to several countermeasures will be studied, including application of salt tolerant inocula, addition 
of EPS bridging multivalent cations and compatible osmolites. To challenge granule formation, 
organic pollutants will be used that give a low EPS yield. 

 
WP2: Feasibility of granule reactor technology for specific saline wastewaters 

 To predict the potential of saline granular technology in relation to wastewater characteristics. 
Research steps 

1. Review of saline wastewater characteristics, including volume, temperature, organic pollutant 
and ion composition and strength and the presence of potential toxic organic compounds (also 
see WP3).  
2. For a representative set of wastewater characteristics granule reactors will be assessed for 
treatment performance, granular stability and microbial activity. If necessary, the appropriate 
countermeasures (see above) will be included. 
3. The results will be tested in pilot-scale reactors operated by project partners.  

 
WP3: Operational strategy and design for time varying salinity 

 Response of granular technology to fluctuating salt concentrations and shock loads of toxic 
compounds. 

Research steps 
1. The granular sludge reactors from WP1 will be exposed to defined, but fluctuating salinity 
levels and to concentrations of selected potential toxic compounds (step 1 in WP2). 
2. A similar exercise will be performed under more realistic conditions with pilot-scale reactors 
operated by the industrial partners. The effect on process stability will largely determine the 
necessity to buffer and pre-treat wastewaters. 

 
 Year 1 Year 2 Year 3 Year 4 Year 5 
WP1                     
1                     
2                     
WP2                     
1                     
2                     
3                     
WP3                     
1                     
2                     

 
I.4 Deliverables 

1. Validated proof-of-principle of anaerobic and aerobic granular sludge technology for the removal 
of (bulk) organic pollutants from saline wastewaters. 

2. Overview of those saline wastewaters which can be treated with granular technology, those 
wastewaters requiring specific countermeasures and selection criteria between anaerobic and 
anaerobic granular sludge technology. 

3. Operational strategies to cope with varying salinity levels and the presence of toxic compounds. 
4. Design rules for granular sludge reactors under saline conditions; 
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II. Utilisation plan 
 
II.1 Economic and societal benefits 
The importance and share of saline wastewater streams containing organic pollutants is increasing 
rapidly e.g., as a result of the upcoming biodiesel and bioethanol industries and an increase of food 
production in saline environments. Currently, these water streams are mainly discharged after energy 
and chemicals consuming (expensive) treatment processes. The development of solutions for 
cascading offer great economic perspective and societal benefits, as it reduces fresh water demand 
and prevents disposal. This can be accomplished by direct biological treatment technologies. 
 
Anaerobic and aerobic granular treatment technologies offer a sustainable and low-cost solution. This 
technology was developed for fresh water by Dutch companies and knowledge institutes. In view of 
the already large and expected increase in saline wastewater volume, the market potential expected 
for saline adapted granular sludge technology is large. At the same time, end-users (water treatment 
companies and industries) will be provided with new opportunities: 
 Waste water treatment companies: Robust, competitive and compact granular sludge 

technology as the key process for reuse of saline wastewaters will expand the market potential 
for technology suppliers from fresh water wastewaters to saline wastewaters, and from water 
discharge technology to water re-use technology.  

 Industries: Saline water adapted granular sludge technology offers industries with saline 
wastewaters the opportunity to reduce their dependency on fresh water resources and at the 
same time to generate energy from their pollutants in the form of biogas. In addition, the 
technology allows industries to reduce costs, energy and chemicals associated with the 
upgrading of their effluent to process water. 

 
II.2 Utilisation plan 
Project 2.1 brings together end-users, technology suppliers, consultants and knowledge institutes. All 
of them have a broad experience in the field of wastewater treatment and the problems and 
challenges associated with saline wastewaters and reuse of wastewater. Results of laboratory 
research will be implemented to operation of pilot-scale reactors operated by partners. This supports 
rapid market implementation after conclusion of the project. 
 WU and DTU are the scientific partners. 
 Paques is world leader in the field of anaerobic treatment technology with 30 years of experience. 

The proposed technology would further increase their international market for this technology. 
 RoyalHaskoningDHV is a consultancy company and supplier of Nereda technology, i.e. aerobic 

granular sludge technology, which was recently successfully put in the market. Nereda 
technology for saline wastewater would enlarge their market position. 

 Shell is an industry partner that generates large volumes of industrial saline wastewaters. Both 
anaerobic and aerobic granular technology would allow them to implement a higher level of water 
re-use, which is required not only in The Netherlands but also abroad. 

 WLN is the water quality and water technology centre for the Dutch drinking water companies 
WMD and WBG and also for their industrial water companies NorthWater and NieuWater. Also 
water boards, industries and organizations where water quality plays an important role are 
supported by WLN’s facilities and expertise. The results of this project will support WLN’s 
activities and consulting power on the biological treatment of saline (waste)water streams. 

 Nijhuis specializes in the design and manufacture of industrial wastewater treatment, recycling 
and waste-to-value projects. The project provides them new solutions to treat and re-use brackish 
and salt water from these industries. 

 Witteveen+Bos is a  consulting companies with a wide experience in the field of wastewater 
treatment. The project will give them new solutions in projects for more use of brackish and/or salt 
water in agro-food, industry and domestic sectors. 

 
Partner Paques Shell Witteveen+Bos RHDHV WLN Nijhuis Total 
Cash  40.000 40.000 40.000 40.000 15.000 40.000 215.000 
In kind  10.000  39.400 19.040 5.000 50.005 123.445 
Total contribution 50.000 40.000 79.400 59.040 20.000 90.005 338.445 
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Project number:  2.3 
Project title:  Removal of sodium and micro-pollutants  

 

Project leader: Prof. dr. ir. K. Nijmeijer 
 
Requested research positions: 4 PhDs, 1 NWP 
 
Budget: Requested from STW: k€ 750 
  Contribution by users: k€ 290 (in cash) & k€ 501 (in kind) 

 
I. Scientific description of the project  
 
I.1 Background 
This project focuses on developing treatment technologies that enables the connection between two 
sectors with high impact opportunities to reduce freshwater scarcity: industry and agri/horticulture. 
 
About 70% of the global water demand stems from agri/horticulture. The potential for using saline 
water is large. Chemical industries produce large quantities of water that could be used in 
agri/horticulture (cross-sectorial reuse). This water is rich in salts and hydrocarbons. As an example, 
enhanced-oil-recovery technologies generate produced water containing high concentrations of 
polymers and surfactants, anti-scaling chemicals and oil residues. These need to be removed prior to 
cross-sectorial reuse e.g. for  irrigation purposes. A further issue to address is the removal of 
monovalent salts,  in particular sodium, that have a direct negative effect on plant growth, and can 
induce irreversible deterioration of soil quality (other salts do not have similar effects, and can even act as 
fertilizers). The technologies developed can also be used for closing loops in agri/horticulture.  
 
This project develops new, breakthrough technologies for the removal of sodium, hydrocarbons, 
micro-pollutants and pathogens from saline water. This enables cross-sectorial use of industrial water 
in agri/horticulture. And saline water cycles-of-use (closing loops) in agri/horticulture.  
 
Salts often present problems in water treatment processes, e.g. limiting the use of microbiological 
treatment or causing severe scaling in membrane processes. But salts also present unique 
opportunities: the higher conductivity of saline water makes electrochemical processes an exciting 
option, with in some cases the extra benefit of electricity generation. Project 2.3 develops flexible 
technologies that combine electrochemical treatment (electro-cracking and PMDC) with selective 
membrane removal that can cover a wide range of saline water streams. These technologies can act 
as stand-alone treatment or as pre-treatment in for example biological treatment (project 2.1) and 
wetland systems (project 3). 
 
I.2 Scientific challenges 
The major scientific challenges are: 
 Current technologies, such as wetland treatment, do not remove recalcitrant organic residues. 

These include humic-acid complexes, polycyclic aromatic hydrocarbons, poly-acryl-amides and 
agro-industrial pesticides. Project 2.3 develops stable electrodes for generation of acid hydroxyl 
radicals for degradation of recalcitrant organic residues, and disinfection. Currently, acid 
generation lacks activity, whereas radical generation lacks selectivity. Development of disinfection 
requires detailed microbiological research into disinfection attack mechanisms, and efficacy. 

 Currently, there are no efficient removal processes for certain types of micro-pollutants, e.g. poly 
acrylamides and oil residues. They cannot completely be removed with electro-cracking and 
require additional treatment. In project 2.3 selective membranes are developed for this treatment. 
The challenge is to tailor the chemistry of the membranes (molecular chemistry, charge, hydro-
phility/phobicity, etc.) for the removal of this specific group of pollutants. 

 The challenge is to remove Na-salts from saline water, without affecting other salts. Desalination 
membranes lack in specificity, and are not suited for highly concentrated solutions (limited by high 
osmotic pressure). Project 2.3 will develop membranes for controlled transport of specific ions, 
without osmotic pressure limitation (removal of other pollutants such as plant nutrients is 
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prevented). Membrane chemistry will be tailored to the goal, with emphasis on charge, charge 
density and covalent binding of selective groups that 
capture specific target ions. 

 Plant-microbial desalinization cells (PMDC) is an emerging 
technology that combines low pressure, membrane, 
desalinization with electricity generation. This technology 
has great potential for salt removal through direct use of 
power generated (see figure). Although in its early stages 
of development, it fits nicely with the developments in 
project 2.3 and 3. The challenges are to develop effective 
tubular shaped electrode assemblies combined with 
specific ion removal membranes and to stimulate the 
development of electrochemically active micro-organisms.  

 
I.3 Workplan 
WP1: Electrodes  
 Deliverable: for electro-cracking and disinfection 
Research steps: 
1. Develop anode surfaces (e.g. boron-doped or lead oxide) for generation of acids and radicals 
2. Determine the mechanisms underlying electro-cracking and the predominant factors (e.g. 

temperature, salt concentrations, applied potential program (dc, ac, block) and electrode material). 
 

WP2: membranes 
 Deliverable: membranes and membrane modules for removal of micro-pollutants and specific salts 
Research steps: 
1. Determining ion and micro-pollutant characteristics relevant to targeted membrane removal 
2. Development of new membranes materials (charged polymer, layer-by-layer or Zwitter ionic, 

specific interaction)), characterisation of flux and specificity of retention, and development of 
membrane units. 
 

WP3: PMDC 
 Deliverable: tubular membrane-electrode assemblies, active populations of micro-organisms 
Research steps: 
1. Development of tubular membrane-electrode assemblies, integrating membranes for specific 

removal (from WP2) 
2. Investigate electrochemical activity (end electricity generation) of micro-organisms and options for 

stimulation 
 
WP4: system integration 
 Deliverable: flexible systems combining electrochemical and membrane removal tested  
Research steps: 
1. Integrate electro-cracking and membranes for specific removal of ions and micro-pollutants into 

system for treatment of a wide range of saline waters 
2. Development of full tubular PMDC systems 
3. Pilot testing of systems, coupling system design to water type 
 
 Year 1 Year 2 Year 3 Year 4 Year 5 
WP1                     
1                     
2                     
WP2                     
1                     
2                     
WP3                     
1                     
2                     
WP4                     
1                     
2                     
3                     
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II. Utilisation plan 
 
II.1 Economic and societal benefits 
Water scarcity is a large and imminent problem in delta areas worldwide, threatening public health and 
economic development. There is an urgent need for high impact solutions that really make a difference 
in solving scarcity, as opposed to present developments of partial solutions with limited yield. 
 
In this project treatment technologies are developed that enable high impact solutions to water scarcity. 
The project results are flexible systems, combining electro-cracking and specific membrane removal 
that can treat a wide variety of saline waters. Knowledge generated in the project is directly used in 
PMDC development for breakthroughs in electrode and membrane assemblies. PMDC is an emerging 
technology with great potential for integration in wetland systems, and the added benefit of electricity 
generation. 
 
Two main market segments can be distinguished: 
 Industry: (petro-)chemical industry produces large volumes of saline water polluted with a varying 

range of organics. The option of cross-sectorial use (industrial water in agri/horticulture) reduces 
the negative impact of produced (waste) water on the environment, and helps alleviate scarcity. 
For industries, solving these issues more and more becomes a ‘license to produce’. 

 Agri/horticulture: the technologies developed enable setting up safe cycles-of-of use (closing 
loops in production) 

The technologies developed create excellent export opportunities for Dutch technology suppliers, and 
consultancies. 
 
II.2 Utilisation plan 
The project 2.3 team covers the entire innovation chain. The partners are: 
 UT, UL, WUR : universities, scientific partners 
 Magneto, Pentair: producers and suppliers of electrodes and membranes, respectively. For them 

the electro-cracking/specific membrane systems offer an opportunity of expansion of their product 
range and export volume, whereas the PMDC development offers them an opportunity to gain a 
foothold in an interesting emerging technology. 

 Voltea: producer of capacitive deionisation technology (CDI) for desalinisation. Membrane 
materials developed can be used as electrode coating to enhance selectivity of CDI. 

 Plant-e: small, start-up technology supplier, develops and commercialises PMDC. Initially 
technology development targeted electricity generation only. For them the PMDC development 
offers the opportunity to expand their knowledge base, create opportunities in new markets (water 
treatment, salt recovery) and make the step to commercialisation of complete PMDC systems. 

 Priva: supplier of complete systems for horticulture, including water treatment. For them the 
project creates new market opportunities – saline water cycles of use – solving the problem most 
urgent from their perspective: Na-salt removal. 

 Shell, Dow Benelux: end users with a particular interest in the development of options for cross-
sectorial use of produced water. Another point of interest is possible use of saline water for 
cooling. The membrane technology developed, produces two different water streams, one  
containing multivalent salts but no Na (fit for agri/horticulture), and another containing Na but not 
multivalent salts. The latter can be useful as cooling water, where multivalent salts cause 
problems with scaling and corrosion. Shell and Dow want to investigate this option. 

 Oasen: end user, water supplier in the Netherlands, the possibility to treat saline water offers new 
sources for water production. 

 
Contribution: 
All partners provide both cash and in-kind contributions to the project (see table below in euro). 
 
Partner Magneto Pentair Voltea  Plant-e Priva Shell Dow Oasen Total 
cash  30.000 40.000 20.000  50.000 50.000 50.000 50.000 290.000 
In kind 101.150 141.000 42.450 101.000 29.988  48.150 36.850 500.588 
Total  131.150 181.000 62.450 101.000 79.988 50.000 98.150 86850 790.588 

 
The private partners and universities will jointly perform pilot research with the technologies developed, 
which supports rapid market implementation after completion of the project.  
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Project number:  3 
Project title:  Integral Blue Prints 
  Technology and natural system integration enabling 

multi-sourcing and fresh water footprint reduction 

 

Project leader: Prof. dr. ir. H.H.M. Rijnaarts 
 
Requested research positions: 3 PhDs, 1 Postdoc 
 
Budget: Requested from STW: k€ 744       
  Contribution by users: k€ 290 (in cash) & k€ 229 (in kind) 

 
I. Scientific description of the project  
 
I.1 Background 
Delta regions face major challenges in fresh water supply; seasonally and/or regionally fresh water 
scarce situations occur, and industry, agriculture, households and ecological sectors compete for the 
same scarce resources. The challenges are aggravated by changes in climate conditions and socio-
economic dynamics. Integral solutions are required to balance supply and demand, and secure 
freshwater availability for critical applications. 
 
This project focuses on developing high impact strategies for balancing supply and demand and 
making maximum use of alternative (saline) sources: saline where possible, freshwater where 
essential. Special attention is given to industry and agri/horticulture where large volumes of water are 
produced and demand is high. 

  
I.2 Focus and scheme of the project 
 

 
 
In WATER NEXUS, saline water is considered as a useful resource, alleviating pressure on freshwater 
resources. This project aims at developing integral solutions at system level: 
 WP1: Dynamical models are developed connecting sources of different qualities with applications 

with different requirements. In urban settings, the Resource Harvest Approach proved able to 
reduce water use with 40-60%.5,6 This approach will now be developed for delta systems with 

                                                                  
5 Agudelo‐Vera CM, A Mels, K Keesman, H. Rijnaarts, 2012. The urban harvest approach as an aid for sustainable urban 
resource planning, Journal of Industrial Ecology 16 (6), 839-850 
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large volumes of industrial water use. Solutions found in research lines 1 (quality distribution of 
water resources and requirements for use/supplementation in agriculture) and 2 (treatment 
options opening new pathways for connections between supply and demand) are combined with 
existing knowledge on water treatment in the overall modelling on system level.  

 WP2: End users from large industry have a keen interest in wetland type systems. These 
systems not only can be used for water purification, but also as large volume buffers (option to 
solve problems with temporal variation in supply and demand) and for production of biomass. 
Water from wetland systems can either be used in industry again, or can be made suitable for 
agricultural use. Here, results from research line 1 (requirements) and 2 (treatment options) are 
used to develop cross sectorial strategies. The presence/removal of monovalent salts and natural 
and industrial organic compounds has been identified as critical factors.  

To maximise application (utilisation) potential, the models and system strategies developed will be 
tested in three different climate regimes and industrial settings, in close connection with large industry. 

 
I.2 Scientific challenges 
The major scientific challenges are: 
 The interplay between different quality supply, use options with different requirements and 

storage capabilities is highly dynamic. Existing models either focus on single pollutants (e.g. 
pinch analysis) or only produce a static overview of supply and use pathways. The reality is that 
water supply comes with a mix of pollutants and varies over time. New modelling techniques must 
be developed to handle complex pollutant mixes and time variations. 

 Wetland systems are already used worldwide, but there are large knowledge gaps where 
pollutant fate, uptake in plants, and degree of biomass production are involved in relation to the 
chemical composition of the influent, water throughput and climate conditions. The MODUTECH 
facility at WU will be used by researchers of UvA and WU to build model systems3 for different 
climatic regimes, and to develop monitoring tools for fate of pollutants4 and effects on biomass 5.  

 
I.3 Workplan 
 Year 1 Year 2 Year 3 Year 4 Year 5 
WP1                     
1     Develop modelling techniques 
2       Identification of demand types 
3     Identification of sources 
4              Demand/supply integration 
5                 Case testing 
WP2                     
1     Identification of relevant parameters (composition, climate) 
2      MODUTECH simulations and design 
3      Development of analytical instrumentation (monitoring)   
4               Toxicity and removal  testing 
5               Plant selection/salt removal test 
6 Research on effects salt concentration           
7 & pollutant conversion/biomass prod.         
8 Design strategies for wetland systems         

 
I.4 Deliverables  

1. Dynamic Model and Extended Resource Harvest Approach  
2. Analytical and monitoring protocol to assess treatment performance of wetland systems  
3. Three optimal and representative designs of natural (wetland) treatment and storage systems 

(Integral Blue Prints) and their performance on removal of organic compounds and monovalent 
ions (including sodium), and biomass production for the biobased economy 5 

4. Integral Technology Trains of enabling technologies (of 2.1 and 2.3, and existing technologies) in 
multi-sourcing approach, using saline waters and reducing freshwater use.  

                                                                                                                                        
6 Agudelo-Vera CM,  WRWA Leduc, AR Mels, HHM Rijnaarts, 2012 Harvesting urban resources towards more resilient cities, 
Resources, Conservation and Recycling, 64, 3–12.  
3 Electricity generation by a novel design tubular plant microbial fuel cell  Timmers, R.A., Strik, D.P.B.T.B., et al.  2013 Biomass 
and Bioenergy 51 , pp. 60-67.  
4 Haftka JJH, Govers HAJ, Parsons, JR, 2010, Influence of temperature and origin of dissolved organic matter on the partitioning 
behaviour of polycyclic aromatic hydrocarbons. Environ. Sci. Pollut. Res. 17-5, 1070-1079;  
5 Bos, HL, Meesters, KP et al.; 2012. Accounting for the constrained availability of land: a comparison of bio-based ethanol, 
polyethylene, and PLA with regard to non-renewable energy use and land use. BIOFUELS BIOPRODUCTS & BIOREFINING-
BIOFPR: 6-2, 146-158  
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II. Utilisation plan 
 
II.1 Economic and societal benefits 
Scarcity of freshwater is a large problem in delta areas worldwide. It is by no means restricted to poor, 
developing countries; pressure on water resources is high in developed and fast growing economies. 
The availability of sufficient water is crucial for food production, ecological functions,  public health and 
economic development. In this project, models and system solutions are developed with high impact 
capabilities for solution of the problems. Societal importance is high, and the models and tools offer 
good potential for Dutch private enterprises and knowledge institutions. 
 
II.2 Utilisation plan 
For solutions at system level, two market segments must be distinguished: 
 Authorities: the experience (and existing practice) is that authorities responsible for water quantity 

and quality are best approached by combinations of knowledge institutions and private 
companies. Deltares, KWR, RoyalHaskoningDHV, and WLN/NewWater, will use the results of the 
project to expand their consultancy business. The focus of the knowledge institutes is more on 
the research of water systems and initial consulting (identifying global options). They want flexible 
research type models. The private consultants most heavily are involved with designing practical 
solutions to be implemented on the short to midterm. They prefer faster, more standardised 
models. Such models will be developed as spin offs of the research type models, to enable fast 
implementation in private consultancy practice. 

 Industry: private consultancy firms and technology suppliers can work directly with (large) 
industrial clients. Eijkelkamp will use the results of the project to expand their export business in 
telemetric monitoring and treatment systems for agri/horticulture. Dutch private companies (and 
knowledge institutions) already are leading in developing integral solutions for water management. 
An important trend in connection with industrial production is the shift in environmental impact 
assessments from the industrial plant level to a regional level. Environmental effects  must be 
identified and remediated on a larger scale than before. The system approach, and the testing in 
different climate conditions enables the private consultancies to expand their international 
business with increased knowledge and new tools for regional approaches. 

 
The group of project partners covers the whole innovation chain from knowledge developers to end 
users. The project is supported by two large industrial companies (Shell and Dow Benelux). They have 
a clear interest in both securing water supply, minimising environmental impact (license to produce) 
and contribute to cross-sectorial water use sustaining green infrastructure, agriculture and new bio-
based economy approaches from wetland produced biomass. These companies have supplied (and 
will supply) important information on the national and international business environment. This is of 
major importance for the selection of practical cases where the new models and tools will be tested. 
These cases can serve as reference projects for the other partners.  
 
For Dow Terneuzen, a strategic goal is to produce independently from drinking water sources (water is 
now transported from the Biesbosch – a national freshwater buffer – to Terneuzen to supplement local 
water quantities). For the area surrounding the Terneuzen site, an integral approach is developed, 
together with the water supplier Evides and local industry and authorities. Dow and Evides have a 
testing facility that can be used for field trials of WATER NEXUS. The Terneuzen site serves as a 
reference for Dow production facilities worldwide. Dow and Shell work internationally together on an 
evaluation of wetland sites presently in use, with one of the focal points how combinations of wetlands 
and other treatment technologies can maximise the use of saline water. 
 
Contribution: 
All partners provide both in-kind and cash contributions to the project see table below). In-kind, cash 
and total contribution of the industrial partners to the project (in €). 
Partner Shell DOW RHDHV KWR Deltares Eijkelkamp STOWA WLN Total 
Cash 85.000 100.000 20.000 30.000 30.000 5.000 10.000 10.000 290.000 
In kind  96.300 29.988 29.988 54.978 2.490 10.115 5.000 228.859 
Total  85.000 196.300 49.988 59.988 84.978 7.490 20.115 15.000 518.589 

The partners of the universities will contribute to the case studies by jointly analysing data from 
practical situations in different areas of the world, setting boundary conditions for water use, and 
identifying relevant characteristics of water sources. Further details are given in the support letters.  
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C. Letters of support 

 
Letters of support project 1.1 
TNO 
Deltares 
Hoogheemraadschap van Rijnland 
Shell  
Eijkelkamp 
Fugro 
STOWA 
 
Letters of support 1.2 
Alterra 
KWR Watercycle Research Institute 
Shell 
Hollandsche Greenkeeping Maatschappij (HGM) 
STOWA 
Eijkelkamp 
 
Letters of support 2.1 
Paques 
Shell 
Witteveen + Bos 
RoyalHaskoningDHV 
WLN 
Nijhuis 
 
Letters of support 2.3 
Magneto 
Pentair 
Voltea 
Plant-e 
Priva 
Shell 
DOW Benelux 
Oasen 
 
Letters of support 3 
Shell 
DOW Benelux 
RoyalHaskoningDHV 
KWR Watercycle Research Institute 
Deltares 
Eijkelkamp 
STOWA 
WLN 
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Subject

Support letter project Resource analysis and regionalwater management

Dear Prof. Bierkens,

The Geological Survey of the Netherlands/TNO has been involved in the definition
of the STW Perspectief program WATER NEXUS, and detailed planning of
Resource analysis and regionalwater management, in which we will participate.

The Geological Survey of the Netherlands/TNO is the Netherlands' central
geoscientific information and research centre for the sustainable management and
usage of the subsurface and the natural resources found there. The main task is
to provide information on the structure and properties of soil and groundwater.
Therefore, we have expertise in monitoring, characterisation and interpretation of
subsurface processes, amongst which processes related to chloride concentration
in de subsurface.

We are interested in participation in the project because it aims at improving
methods to characterize subsurface structures as well as the dynamic behaviour
of saline groundwater in deltaic areas. With these methods we expect to improve
our 3D and 4D subsoil modelling products which will be made available for our
stakeholders.

Cofinancing
ln this project we will perform the following actions:

¡ Providing data and expert knowledge concerning the occurrence of
geological structures and saline groundwater.

. Joint research in the PhD projects, in particular WP 1.

. Hosting of PhD students during periods to ensure fruitful cooperation.
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We commit the following contribution to the project:

Utilisation
The Geological Survey of The Netherlands provides sub soil information through
web service (DINO-loket) to all parties that need that information. We expect to
develop new subsoil information products on fresh and saline groundwater and
make it available via web service.

We have taken notice of the STW guidelines for intellectual property, and will
participate in the user committee.

We enthusiastically support the WATER NEXUS program.

Yours sincerely,

Name: Drs. T. M. van Daalen
Function: Deputy Director Geological Survey of the Netherlands

Signature:

Date
13 May 2013

Our reference
TN0-060-UT-20 1 3-00366

Page
2t2

ln kind
Staff hours rate

(euro/hr.)
amount (euro)

. Senior researcher 841 119 100.079
Eouioment ldeoreciationl PM
Materials (cost price) PM
Cash 100.000

Total contribution 200.079
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Utrecht University
Attn. Mister prof. dr. Marc F.P. Bierkens
Van Unnik Building - Zonneveldvleugel, room
r28
P.O.Box 80115 Utrecht
3508 TC Utrecht
The Netherlands

Support letter STW-perspectief Water Nexus 1.1
Amersfoort,3 juni 2013
20 73 -0243- RR/MT-44 6.7 23

Dear Mr. Bierkens,

STOWA (Dutch acronym for the Foundation for Applied Water Research) has been involved
in the definition of the STW Perspectief program WATER NEXUS and detailed planning of
the Water NEXUS project, in which we will participate.

STOWA is the knowledge centre of the regional water managers, especially the water
boards in the Netherlands. STOWA develops, collects and disseminates knowledge needed
for the tasks of the waterboards. The STOWA projects cover the following fields: collection,
transport and treatment of waste water; management of the quality and quantity of
surface and ground water; urban water management; climate adaptation, freshwater and
safe regional water defenses, prevention against flooding and maintenance of water
barriers.
The research goals of the projects are directly relevantto the STOWA program'Deltaproof'
and 'Watermozaiek', focussing on challenges with regards to self supporting regional
watersystems in facts of water quantity, and challenges with regard to ecosystem
functioning.

We are interested in participation in the project because it closely fits within our mission,
coordinating and commissioning research on a large scale of water management issues.

We herewith explicitly express our interest in project 1.1: Resource analysis and regional
water management. The main objective of this project 1.1 is to develop monitoring,
modeling and water management tools in order to achieve an optimal distribution and use
of fresh water in lowland catchments. These tools are useful for better understanding our
water management system, and can help us in improve the water management systems of
water Boards in the coastal zone.

¿

Bank: Nederlandse Waterschapsbank te Den Haag
Rekeningnr.: 63.67.57.7 81,

Swíft: NWABNL2G

IBAN: NL43 NWAB 0636 7577 81 Stichtjngenregister Den Haag 411.57257
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Go financing
The STOWA will support the project with a contribution amounting to 25.000 € in cash by
transferring five tranches of 5.000 € equally distributed over the 5-year duration of the
project. STOWA can actively contribute to project l.l through communication and
knowledge sharing of the results to the water boards, NL wide, e.g. via reporting and co-
organizing symposia. Therefore in addition, STOWA and participating waterboards will
support the project in kind with efforts adding up to 11.600 €.

Pro ect 1.1 and water

The capitalization, against standard STW tariffs, of hours only represents a nominal value
of hours STOWA will spend on the project. The resulting amount is not claimable as a cash

contribution.

STOWA seeks to provide water managers with scientific knowledge and practical
instruments they require for carrying out their jobs sufficiently, e.g. via our so-called
Deltafacts. The outcomes of the research of project 1.1 can be added to the existing tools
such as the National Hydrological Instrumentarium to model the interaction of subsurface,
unsaturated zone and surface water system from a salt component point of view. In
addition, we think that the outcomes of this project will contribute to indicate the potential
and consequences of up scaling capabilities of the Water Nexus technologies to the whole
coastal zone of Netherlands, and beyond.

We already expect to implement spin-offof the executed research during the course of this
WATER NEXUS program (period 2015-2018).

We have taken notice of the STW guidelines for intellectual property, and will pafticipate in
the user committee.

We enthusiastically support this STW Topsector Water program WATER NEXUS

Yours sincerely,

Drs. B. van der Wal

Director STOWA

In kind
rate

leu rolh r. )

amount (euro)Staff hou rs

11.600.-
Senior reasercher 100 116

25.000,-Cash
36.600.-Total contribution







Soil Physics and Land Management 
Attn. Prof. Dr. Sjoerd E.A.T.M. van der Zee 
Wageningen University 
Postbus 47 
6700AA WAGENINGEN 

P +31 30 606 95 11 
F +31 30 606 11 65 

Groningenhaven 7 
Postbus 1072 

3430 BB Nieuwegein 
The Netherlands 

1 www.kwrwater.eu  

Subject 	Support letter project 1.2 Operational Water Management 
and Control 

Information Jan Vreeburg, +31(0)30 6069576 
E-mail 	jan.vreeburg@kwrwater.nl  
Date 	 3 _lune 2013 
Our reference 13060008/jVR/CK 

Dear prof. dr. van der Zee, 

KWR Watercycle Research Institute has been involved in the definition of the STW Perspectief 
program WATER NEXUS, and detailed planning of 1.2 Operational Water Management and 
Control in which we will participate. 

KWR Watercycle Research Institute creates knowledge that is vital to providing two of life's 
basic needs: 

• healthy and safe drinking water; 
• a pollution free environment. 

Our researchers combine new knowledge and the knowledge and experience already at their 
disposal through their own expertise and KWR's extensive network. KWR's research focuses on 
four important themes: Healthy, Sustainable, Advanced and Efficient water. 

Ecology and geohydrology are important knowledge fields in which KWR bridges betvveen 
science, business and society. Part of this knowledge is condensed in our Waterware tools 
(http://www.waterware.n1) and in subsurface water technologies such as the Fresh Keeper and Fresh Maker, 

We are interested in participation in the project for the following reasons: 
• Project 1.2 of WATER NEXUS studies the effects of salt on natural vegetation. These effects 

are important for our principle clients: Dutch water supply companies. 

• Project 12 of WATER NEXUS complements our activities regarding fresh water availability 
for water supply companies and the agricultural sector (Knovvledge for Climate ASR-pilots 
and techniques such as Fresh Maker and Fresh Keeper), 

tAlaterc" je Re.sear"cn incriture 
Chamber of Commerce 
Utrecht, 27279653 

KWR Watercycle Research Institure is the trade 
name of KWR Water 3,V. 

     



amount (euro) 

Total contribution 144 160 

Cofinancing 
In this project we will perform the following actions: 

• We will participate in the research on the effects of salt on natural vegetation. 
• We will cooperate in the pilot with Adaptive Drainage in agricultural plots. 

We commit the following contribution to the roject:  

rate 
(euro/hr.) 

hours 

Cash 9 

Utilization 
We will include salt effects on natural vegetation in KWR's methodology for prediction of 
Natura! Vegetation. The water management tools for agricultural practices will allow us to 
extend our services with respect to fresh water availability, such as ASR, Fresh Maker and Fresh 
Keeper. 

This allovvs us to contribute to an increase in efficiency of Dutch water supply companies with 
respect to water resources management. Moreover we will export these tools and expertise via 
the WaterShare programme of KWR (http://www.watershare.n1). 

We have taken notice of the STW guidelines for intellectual property, and will participate in the 
user committee. 

We enthusiastically support the WATER NEXUS program. 

Kind Regards, 
K R Watercycle Research Institute 

Prof. Dr. W. van Vierssen 
Chief Executive Officer 

Page 2 of 2 
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Wageningen University
Attn. Mister prof. dr. ir. S.E.A.T.M. van der
Zee
Soil Physics and Land Management
Wageningen University
Postbus 47
67004A Wageningen
The Netherlands

Support letter STW-perspectief Water Nexus 1.2
Amersfoort, 3 juni 2013
20 73 -0242- MT/RR-44 6.7 23

Dear mr. Van der Zee,

STOWA (Dutch acronym for the Foundation for Applied Water Research) has been involved
in the definition of the STW Perspectief program WATER NEXUS and detailed planning of
the Water NEXUS project, in which we will participate.

STOWA is the knowledge centre of the regional water managers, especially the water
boards in the Netherlands. STOWA develops, collects and disseminates knowledge needed
for the tasks of the waterboards. The STOWA projects cover the following fields: collection,
transport and treatment of waste water; management of the quality and quantity of
surface and ground water; urban water management; climate adaptation, freshwater and
safe regional water defenses, prevention against flooding and maintenance of water
barriers.
The research goals of the projects are directly relevant to the STOWA program 'Deltaproof'
and 'Watermozaiek', focussing on challenges with regards to self supporting regional
watersystems in facts of water quantity, and challenges with regard to ecosystem
functioning.

We are interested in particípation in the project because it closely fits within our mission,
coordinating and commissioning research on a large scale of water management issues.

We herewith explicitly express our interest in project 1.2: Operational Water Management
and Control. The main objective of this project is to develop monitoring, modeling and
water management tools in order to achieve optimal conditions for crop production and/or
nature by managing the spatial distributions of fresh groundwater water at the field scale.
Moreover, this project aims at assessing the impact of salt on both crop production and
natural vegetation. This knowledge and tools help us to improve the water management
systems of water Boards in the coastal zone.

I

Bank: Nederlandse Waterschapsbank te Den Haag
Rekenìngnr.: 63.67.57.7 81
Swift: NWABNL2G

IBAN: NL43 NWAB 0636 7577 81 Stichtingenregister Den Haag 41L51,257
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Co financing
The STOWA will support the project with a contribution amounting to 25.000 € in cash by
transferring five tranches of 5.000 € equally distributed over the S-year duration of the
project. STOWA can actively contribute to project l.l through communication and
knowledge sharing of the results to the water boards, NL wide, e.g. via reporting and co-
organizing symposia. Therefore in addition, STOWA and pafticipating waterboards will
supportthe project in kind with efforts adding up to 11.600 €.

ect 1.1 Resource and water

The capitalization, against standard STW tariffs, of hours only represents a nominal value
of hours STOWA will spend on the project. The resulting amount is not claimable as a cash
contribution.

STOWA seeks to provide water managers with scientific knowledge and practical
instruments they require for carrying out their jobs sufficiently, e.g. via our so-called
Deltafacts. The outcomes of the research of project 1.2 can be used to improve tools such
as WATERNOOD, HELP and 'Effect module Natuur'to model the effect of (adaptive) water
management on agriculture and nature. In addition, we think that the outcomes of this
project will contribute to indicate the potential and consequences of upscaling capabilities
of the Water Nexus technologies to the whole coastal zone of Netherlands, and beyond.

We already expect to implement spin-off of the executed research during the course of this
WATER NEXUS program (period 2015-2018).

We have taken notice of the STW guidelines for intellectual property, and will pafticipate in
the user committee.

We enthusiastically support this STW Topsector Water program WATER NEXUS

Yours sincerely,

Drs. B. van der Wal

Director STOWA

ln kind
Staff hours rate (euro/hr.) amount (euro)

Senior reasercher 100 116 11.600,-

25.000Cash

Total contribution 36.600,-





























































University of Twente 

I^embrane Science & Technology 

Prof. dr. ir. D.C. Nijmeijer 

PO Box 217 

7500 AE ENSCHEDE 

Re: Support letter project : Remova l of sod ium and micro-pol lu tants f rom sa l ine w a t e r 

enabl ing r e u s e 

Dear prof.dr. ir . Ni jmeijer 

Oasen NV has been involved in the definit ion of the STW Perspectief program WATER NEXUS, 

and detailed planning of Remova l of sod ium and micro-pol lu tants f rom sa l ine w a t e r 

enabl ing reuse , in which we will part icipate. 

oaseo 

31 mei 2013 

Bij lagen 
geen 

Voor in format ie ; 
T 0182 59 34 02 
wal ter .van.der .meer 
(oioasen.nl 

Oasen NV is one out of 10 drinking water Utilities in the Netherlands. Oasen NV produces and 

supplies yearly 45 Mm3 tapwater to 0.8 mill ion people ( 345.000 connections) in the Province 

of South-Hol land. The core business is the production and distr ibution of drinking water in the 

province of South-Hol land, the Netherlands. Oasen NV produces drinking water for 750,000 

people and 7,200 organisations. Water quali ty is the main priori ty, therefore Oasen NV invests 

continuously in the t reatment plants, based on membrane f i l t rat ion, the distr ibution network 

and its knowledge. The main drinking water source is river Lek water ( 8 0 % ) . Oasen NV is a 

public owned privatised company. The company employs 260 staff and has a yearly turnover of 

€78 mil l ion. 

We are interested in participation in the project because as Water Supply Company we have to 

cope with the pressure on resources f rom growing demand (and increasing pol lut ion) is 

enhanced by predicted changes in cl imate (extremes in drought and precipi tat ion), and rising 

sea levels and soil subsidence (saltwater intrusion). Therefore we are interested in new 

membrane technologies that enable both strategie and operational management of water 

resources; treat ing saline water as an asset and not only as a threat. Solutions provided will 

enable Oasen NV, responsible for drinking water quant i ty and quality in our region, to 

safeguard and control drinking water availabil i ty both on the long and short te rm. 

Oasen N.V. 

Nieuwe Gouwe O.Z. 3 
Postbus 122 
2800 AC Gouda 

T 0 1 8 2 59 33 11 
www.oasen.n l 

KvK 290.10639 
BTW 001998079 BOl 

Cof inancing 

In this project we will perform the fol lowing actions: 

• We will be involved as a launching customer and will collaborate f rom the perspective 

of applying the new technology. 

• run the pilot plant experiments at Kamerik (The Netherlands) 

• carrying out water quality analysis. 

Pagina 1 van 2 



We commit the following contr ibution to the project: 

I n k ind 

Staf f hours rate 

( eu ro /h r . ) 

a m o u n t (eu ro ) 

• Senior researcher 50 119 5950 
• Junior researcher 300 83 24900 

Equ ipment (deprec ia t ion) 
• Pilot Plant 5000 

Mater ia ls (cost pr ice) 
• Chemicals 1000 

C a s h 50000 

Total con t r ibu t ion 8 6 8 5 0 

Util isation 

Oasen NV will use the developed polymeric membranes for the control led, selective removal of 

ions, especially sodium, chlorid and ammon ium, and organic micro pollutants from our saline or 

bracl<ish river bank water. The developed polymeric membranes have the potent ial , to become 

the heart of our membrane f i l tration t reatment plants with a potential market , only for Oasen 

locations, of approximately 100.000 m2 of membrane surface. 

We have taken notice of the STW guidelines for intellectual property, and will part icipate in the 

user commit tee. 

We enthusiastically support the WATER NEXUS program. 

31 mei 2013 Yours sincerely, 

Director Oasen NV 
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Wageningen University 
Sub department Environmetal Technology 
Attn. prof. dr. ir. H.H.M. Rijnaarts 
P.O. Box 17 
6700 AA WAGENINGEN 

P +31 30 606 95 11 
F +31 30 606 11 65 

1 www.kwrwater.eu  

Groningenhaven 7 

Postbus 1072 

3430 BB Nieuwegein 

The Netherlands 

P 

Subject 	Support letter project Integral Blue Prints 
Enclosure(s) - 
Information Jan Vreeburg, +31(0)30 6069576 
E-mail 	jan.vreeburg@kwrwaterril 
Date 	3 June 2013 
Our reference 13050059/JVR/CK 

Dear Prof. Rijnaarts, 

KWR Watercycle Research Institute has been involved in the definition of the STW Perspectief 
program WATER NEXUS, and detailed planning of the project Integral Blue Prints, in which we 
will participate. 

KWR Watercycle Research Institute assists society in optimally organising and using the water 
cycle by creating knowledge through top-quality research, building bridges between science, 
business and society and promoting societal innovation by applying the best knowledge 
available. KWR Watercycle Research lnstitute provides its services for the attainment of a well-
functioning water cycle through optimal water management; or, expressed in terms of our 
research themes: healthy, sustainable, advanced and efficient Water. These themes are echoed 
in many of the institute's activities. 

We are interested in participation in the project because it fits vvithin the goals of the 
organisation in optimising the watercycle through sound research in combination with well 
positioned applications, truly committed to our motto "Bridging science to practice, With the 
results of the project we will be able to explore the possibilities of saving and re-allocating 
fresh water sources and tailor the wishes of industrial water users int° the needs of our main 
shareholders, the water companies. 

Cofinancing 
In this project we will perform the following actions: 
Our contribution to the project is a combination of cash funding and in kind funding. The 
latter will be done through close cooperation in research of the PhD students and post doc 
committed to WP1 with our senior researcher, to develop the modelling and application of the 
Extended Resource Harvest Approach, The cash contribution is used to facilitate and finance 
partly the PhD student. 

tAlaterethele Research Institute 
Criarnber of Commerce 
Utrecht, 27279653 

KWR Watercycle Research InStftute S the traae 
name of KWR Water E,V. 

     



Senior researcher (in kind) 
Cash  
Total contribution 

rate 
(euro/hr.)  

amount (euro) 

29.988 

hours 

We commit the following contribution to the project: 

Utilisation 

The tools and models as described earlier will enable us to work closely together with 
industrial water users, water companies and other large water users. The developed 
knowledge, integrally applied, will make clear vvhere the optimal balance can be found in the 
application of resources; how various water flows vvithin the water cycles in a densely 
populated delta area may be utilised beyond the borders of the individual stakeholders. 

We have taken notice of the STW guidelines for intellectual property, and will participate in the 
user committee. 

We enthusiastically support the WATER NEXUS program. 

Kind Regards, 
WR Watercycle Research Institute 

1,4 
rof. Dr. W. van Vierssen 

Chief Executive Officer 
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Wageningen University Research Centre
Subdepartment of Environmental Technology
Dep. of Agrotechnology & Food Sciences
Professor in Environmental and Water
Technology
t.a.v. Prof. Rijnaards
P.O. Box 17
6700 AA Wageningen

Letter of commitment Waternexus project 3
Amersfoort, 03 juni 2013
20 t3 -0244 -RR/ Mr - 4 467 23

Dear Prof. Rijnaards,

STOWA (Dutch acronym for the Foundation for Applied Water Research) has been involved
in the definition of the STW Perspectief program WATER NEXUS and detailed planning of
the Water NEXUS project, in which we will pafticipate.

STOWA is the knowledge centre of the regional water managers, especially the water
boards in the Netherlands. STOWA develops, collects and disseminates knowledge needed
for the tasks of the waterboards. The STOWA projects cover the following fields: collection,
transpoft and treatment of waste water; management of the quality and quantity of
surface and ground water; urban water management; climate adaptation, freshwater and
safe regional water defenses, prevention against flooding and maintenance of water
barriers.
The research goals of the projects are directly relevant to the STOWA program 'Deltaproof'
and 'Watermozaiek', focussing on challenges with regards to self supporting regional
watersystems in facts of water quantity, and challenges with regard to ecosystem
functioning.

We are interested in pafticipation in the project because it closely fits within our mission,
coordinating and commissioning research on a large scale of water management issues.

The STOWA will support Project 3 Reality Blueprints with a contribution amounting to
10.000 € in cash, distributed over the 5-year duration of the project. In addition, STOWA
and pafticipating water boards will support the project in kind.

Bank: Nedertandse Waterschapsbank te Den Haag
Rekeningnr.: 63.61.51.787
Swift: NWABNL2G

IBAN: NL43 NWAB 0636 7577 81

¡

Stichtìngenregister Den Haag 41,151,251
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We commit the following contribution to the project

The capitalization, against standard STW tariffs, of hours only represents a nominal value
of hours STOWA will spend on the project. The resulting amount is not claimable as a cash
contribution.

Research questions that are addressed in the project, and that are of specific interest to
STOWA and participating water boards are: How can the self-sufficiency of regional
systems be enhanced by'refreshing'saline water. The questionnaires in more detail:

- Can slightly salted water be stored and protected?
- How can the local water cycle be closed by the re-use of waterstreams, including

slightly salted water?
- Can wetland water storage be combined with eco- and biobased targets?
- Can we arrange wetlands in such a way that they are salt resisting?

STOWA is keen to enhance integration of the project with other planned and on-going
research and will encourage and coordinate collaboration of the participating research
teams. The in-kind contribution of the STOWA and waterboards is made available through
involvement of STOWA and waterboard employees, who will spend hours to suppott the
project by:

Coordinating contributions of the water boards, regarding selected case studies and
relevant data

Coordination of the collaboration between the Water Nexus program and other
planned and ongoing research projects on regro

Communication the project and its results to water boards

The STOWA is looking forward to collaborating with the research team to pursue the goals
of the project.

The STOWA has taken notice of STW's IE policy, and will unconditionally follow this policy

Sincerely yours,

Drs. B. van der Wal

Director STOWA

a

o

In kind

Staff hou rs rate
(euro/hr.)

amount
(euro)

. Senior researcher 85 119 10.1 15

Cash 10.000

Total contribution 20.1 15
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