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1 Overview

1.1 Title

AquaConnect — Key technologies for safeguarding regional water provision in fresh water stressed deltas

1.2 Public Summary

The Dutch delta faces enormous challenges in fresh water provision for industry, agriculture and nature during
increasingly frequent severe droughts due to climate change. This requires a major overhaul towards a water system
that stores precipitation surplus instead of discharging it to the sea and uses alternative water sources. AquaConnect
is instrumental in this transition by developing: i) chemical technologies enabling use of domestic/industrial effluents
and brackish (ground)water, ii) digital technologies to design smart grid infrastructures to connect supply, demand,
and nature based storage, iii) tools to manage related societal changes, and iv) demonstrations in four utilisation cases
and international twinning.

AguaConnect:
- connecting waters by chemical and digital key technologies, models and infrastructures;
- connecting water quantity and quality;
- connecting man-made and natural water systems;
- connecting partners in various science disciplines and in institutions of practice;
- connecting national programs and multiple pilots;
- connecting national upscaling to international outreach.

1.3 Program leader and representatives from user
group

Program leader:
Prof. dr. ir. Huub H.M. Rijnaarts, Wageningen University & Research

User representative(s):

Paul Roeleveld (Royal Haskoning DHV), Wilbert Menkveld (Nijhuis Technologies), Johan Driessen (Vitens), Karin
Lekkerkerker (Dunea), Henk Pool (Dow Benelux), Albert Janssen (Shell Netherlands), George Zoutberg
(Hoogheemraadschap Hollands Noorderkwartier), Annemarie Kramer-Hogendoorn (Water authority Rijn en Issel),
Klaasjan Raat (KWR Water Research Insitute), Alexander Laarman (AMS), Thecla Westerhof (Province of Zeeland).

These end users participate in the AquaConnect steering board in which Prof.dr. Annemarie van Wezel represents

Universities, Hans van Duijne represents Deltares and WenR and Hans Cappon represents HZ.

1.4 Participating organisations

Research institutes

Research institute

Department / research group

Wageningen University &
Research (WUR)

Environmental Technology / subgroup Water Technology
Environmental Technology / subgroup Systems Engineering
Soil Physics and Land Management / subgroup Ecohydrology

University of Utrecht (UU)

Landscape Functioning, Geo-computation and Hydrology
Department of Law/Utrecht Centre for Water, Oceans and Sustainability
Law

Eindhoven University of
Technology (TU/e)

Electrical Engineering / Electronic Systems
Electrical Engineering / Control Systems

Delft University of
Technology (TU/D)

Water Management

University of Twente (UT)

Membrane Science & Technology

Vrije Universiteit (VU)

Environmental Policy Analysis

University of Amsterdam
(UvA)

Institute for Biodiversity and Ecosystem Dynamics, Freshwater and
Marine Ecology

Deltares

Water and subsoil resources
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Wageningen Climate, water and spatial planning / nature-based solutions

Environmental Research
(WENR)

HZ University of Applied Water Technology

Sciences (HZ)

Involved (end)users

Companies

Royal Haskoning DHV Vitens Dow Benelux
Witteveen&Bos Oasen Shell

Nijhuis Industrial Dunea Swinkels
Technologies

ICT Netherlands B.V. Brabant Water Stibbe
Evides KnowH20 NXFiltration

Knowledge institutes

KWR Water Research Institute

| AMS Institute

Other organisations

Ministry of Infrastructure and Water authority Vallei & Veluwe STOWA

Water Management

Province of South-Holland Water authority Rijn & IJssel North Sea Port
Province of Zeeland Water authority Vechtstromen GlastuinbouwNL
Province of North-Brabant Water authority Scheldestromen Water Alliance

Municipality of Terneuzen

Water authority Hoogheemraadschap Port of Rotterdam
Holland Noorderkwartier

Municipality of Amsterdam

Water authority Aa en Maas Netherlands Water
Partnership

1.5 Timing and costs

Requested budget NWO Cash contribution - In-kind contribution -
€3.999.971.20 €1.418.750 € 996.380
Total program budget (including in Program duration —4.5 This program consists of
cash/in kind contributions & years A project with 6 work packages (WP 2-7)
Governance) : € 6.415.101 and a Governance project (WP 1)
[ xx projects and a Governance project

Position* WUR | UU | TU/e | TUD | UT | VU | UvA | Deltares | WENR | HZ Total

Number of PhD students 5

3 1 1 1 1 1 13

Number of postdocs (2 yrs) 2

Researchers at TO2 and
University of applied sciences

150k€ 150k€ | 200k€

* See section 1.4 for abbre

viations of universities, research institutes and universities of applied sciences
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2 Summary

2.1 Summary

The Netherlands and other delta regions experience increasing threats to fresh water provision essential for
ecosystems and societal functioning, including industrial and agricultural production. AquaConnect develops new
scientific concepts for solutions that can ensure future fresh water provision. New key digital and chemical
technologies, and innovative water governance approaches are developed that together form the base to design
regional self-sufficient fresh water provision grids. Digital technologies are local scale modeling and design tools that
allow identification and use of unexploited water resources and subsurface water storage. These are needed to design
and operate new infrastructural grids (including pipelines, waterways, digital connections) to match water demand
and supply. Physical-chemical treatment technologies — based on nanofiltration and electrodialysis - will be developed
and combined with existing technologies to enable use of brackish groundwater and wastewater treatment plant
effluents. Water quality targets will be defined from risk assessments of circular water systems, considering
technological and in situ biological removal of emerging pollutants and sustainable management of sludges and brines.
Whilst closely working with stakeholders in four utilization cases (Zeeuws-Vlaanderen, South-Holland, Higher Sandy
regions, Amsterdam Region), due attention will be paid to societal feasibility, and the value of freshwater for the
regional economy. Special focus will be on how to dovetail policy, legal, cultural change, and perception issues with
the new technologies. Demonstration activities aim for further upscaling and a co-creative international outreach
program, exporting technological approaches and sharing know-how on system management, governance and cultural
change.

2.2 Unique selling point(s)

i)  Ensuring future fresh water provision and drought-resistant water systems developed by a team of multi-
disciplinary scientists;

ii) Connection with 37 key stakeholders contributing cash and in-kind;

iii) Key digital technologies to design and control local producer-to-consumer water grids and nature-based water
buffering;

iv) Risk-assessment for circular water systems, setting targets for treatment of effluents, brine and sludge;

v) Key chemical technologies enabling further intentional use of effluents and brackish water;

vi) Hands-on water governance insights, addressing economic, legal, policy, perception and cultural issues;

vii) Four demonstration areas integrating water systems, treatment and governance, for national upscaling and global
outreach.

2.3 Keyword(s)

Drought; Water re-use; Smart water-grids; Water distribution modelling, design, optimization and control; Fit-for-
purpose water treatment; Brine management; Cyclic water system risk assessment; Water governance.
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3 Program
3.1 Problem and vision of success (Impact)

Problem Analysis. The Netherlands, and delta’s worldwide, are increasingly threatened by freshwater scarcity as a
result of an increased water consumption, climate change related droughts and saltwater intrusion®?. These result in
seasonal fresh water shortages for ecosystems, agriculture, industry and even municipalities. Formerly, the prime
concern for deltas was protection against floods with dikes, levies, flexible (ship) locks and a water infrastructure
designed for fast discharge of excess rainwater to the main rivers and sea3. More recently, with the years 2018, 2019,
and 2020 as the most extreme examples, water scarcity occurs for four to eight months a year®. Therefore, the
traditional “Delta strategy” needs to be adjusted to increase fresh water availability during droughts. Local producer-
to-consumer water grids, nature-based water buffering and treatment and technologies will urgently be needed to
achieve this. This will include storing of wet-season surpluses and (re-)use of all water sources available, including
currently ignored nonconventional water resources. These nonconventional water resources, such as industrial and
domestic effluents and brackish groundwater, are available year-round, and help to overcome water shortages. This
will constitute a major technical and societal transition that AquaConnect (AC) aims to address.

All these ideas are to be transferred into new and climate robust strategies for regional fresh water provision of deltas.
Water authorities, drinking water companies and (agro)industrial end-users recognize the increasing fresh water
scarcity problem, and the potential of excess water buffering and (re)using nonconventional water sources. However,
they are confronted with technical and societal barriers, and missing scientific knowledge to resolve these®. Missing
scientific knowledge includes limited insight in i) the relationships between cause and effect in the water system; ii)
local system interactions and influences of external factors (climate change, water use); iii) and adequate governance
to manage the water system. AquaConnect aims to provide new scientific and technological knowledge on the
potential of using nonconventional water sources. This includes wide scale (subsurface) water buffering; safety and
sustainability of the use of nonconventional water sources®, including tailored treatment to deliver adequate qualities
for use of water, brines and sludges’. Moreover, answers to how to connect regional water demand and supply with
physical and digital infrastructure complementary to current water grids® will be provided. In addition, socio-economic,
legal, governance, cultural and perception related to alternative water source (re-)use and natural system storage®*°
will be assessed. AC aims to support this transition on three levels: on the water system, with digital technologies, on
water technology and infrastructure, with digital and chemical technologies, and on the societal/cultural level, with
new governance approaches.

Aq uaConnect Key technologies for safeguarding regional water provision in fresh water stressed deltas

WPS5. Fresh water
governance

WP2. Digital water
distribution modelling

Fresh water - :
WP3. Risk-assessment WP‘6. I_)Ig:]:al water-grid
circular water systems optimization

Brackish water

Salt water

WP7. Demonstration
and upscaling

WP4. Water treatment
technologies

Figure 1. The AquaConnect smart water-grid and work packages of AquaConnect

The Proposition. The proposed solution for safeguarding regional fresh water provision is a smart water-grid (Fig. 1)
that safeguards regional self-sufficient water supply (so off the national grid and into a regional grid) by connecting
current demand of water of certain minimal quality to available supply of that quality. To cope with fluctuations in
natural water quantity and quality under weather variability and extremes, such a grid is supported by i) increased
storage capacity underground; ii) the use of nonconventional and marginal (brackish, effluent) water resources by
treatment including energy efficient desalination. To design and operate such a grid we need: a) digital technologies
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(modelling of the naturual system and storage impacts, system models to design and optimize the grid); b) chemical
technologies (treatment and monitoring); c) overcome ecomomic, governance and legal and cultural/perception
boundaries to make the transition.

Knowledge gaps. To ensure future fresh water provision and obtain a drought-resistant water provision system in the
formof a smart water-grid the scientific knowledge gaps are: i) unclear and uncertain a) availability of nonconventional
water sources, b) potential of subsurface water storage, c) possibilities for the water network for delivering water from
the supply resource to the demand centres, and d) dynamics of brackish water extraction and underground brine
disposal (targeted in AC scientific workpackage 2 (WP2), (Fig. 1)) ii) unknown quality requirements for different water
re-use schemes in a circular -re-use based- water system (WP3), associated with a lack of cost effective technologies
for treatment that can tailor quality to these requirements and prevent new problems with brines and sludges (WP4),
iii) a lack of insight in the economic value of freshwater availability for regional economics, appropriate and effective
governance and legal arrangements, and societal/cultural dynamics relevant for upscaling (WP5), and iv) lack of design
instruments to test the feasibility and economics of adaptations in local water infrastructure (smart water grids,
infrastructure needed to bring the water from sources to the end users in industry, agriculture or nature conservation)
(WP6), and v) a lack of integrated demonstrations with stakeholder inclusion, which is the most convincing tool for
further integration, national upscaling and international outreach (WP7).

Pathway to Impact. AquaConnect aims to improve understanding of -and ways to resolve- these barriers, scientifically,
technologically, and from a societal perspective, in an integrated and scientifically coherent way. AC will contribute to
a paradigm shift in fresh water provision in The Netherlands: from “discharging precipitation surplus and effluents to
main rivers and the sea as quickly as possible to prevent flooding” to “storing and reusing water to arrive at drought
resilient and regionally self-sufficient fresh water provision”. This will be accomplished by generating new scientific
technological and governance insights. Our technology-supported-by-governance approach can be adopted in other
water scarce deltas across the globe, thereby creating opportunities for export. The AC pathway to impact (Fig. 2) is
accomplished by linking scientific research work packages to four stakeholder groups/case & utilization studies in
different regions of The Netherlands (Table 1) with generic and region-specific water provision problems (Fig. 2,
deliverable A), ensuring the transfer of scientific insights and technical innovations to demonstration and practical
outcome.

WP1. WP7. | | AquaConnect

: - Demonstration, integration, national upscaling,
P t t d

mgran::;:;gi;anmn ik and international outreach Pathwav to |mpact
Deliverables
WP2. ) . . — == = -
Sibsuttace water A: Case specific problem definitions
Distribution B = -
| B: Governance instruments [ :|

WP3. ] ] —
Circular water

system risk assessment
C: Key digital and chemical technologies

Zeeuws .
Rl Zuid Sandy Amster
Water/sludge treatment Vlaan- )
e e deren I Holland | soils }—-| dam }
WPS5. D: Integrated smart water grids = =
Fresh water governance 25 smart water-grid implementing | |
- end-users in NL L
WP6. . .
The digital smart E: Smart water-grid demonstration
water-grid B B B
Vietnam Chili Qatar B'desh

F: Integrated scalable solutions for NL and international outreach

AguaConnect main deliverable

Figure 2. AquaConnect pathway to impact combined with workpackage structure, deliverables, and case study regions

The technological outcomes of the scientific work packages 2-6 (Fig. 2, deliverables B & C) are toolboxes of key-
technologies (digital and chemical), risk assessment methods for circular water systems defining sustainable
applications (including that of the treated water, and co-produced sludges and brines), and science-based guidelines
for adapting accompanying social/economic/legislative instruments to maximize impact. These will be integrated by
analyzing the contextual and generic character of four regions typical for deltas and creating integrative solutions,
based on smart water grids using storage technology and nonconventional water resources to safeguard regional
provision for industry, agriculture and nature (Fig. 2, deliverable D). By demonstrating these with the stakeholders (Fig.
2, deliverable E), we aim for end-project and post-project continuation and upscaling, and set an example function for
other regions in NL and globally, all leading to impact: a changed water provision management put in practice and
accepted by society (Fig. 2, deliverable F). The four case study areas and the international outreach and their links to
the scientific work packages are described below.
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Table 1. AquaConnect case-study regions in The Netherlands

Case-study Characteristics and aim of AquaConnect

region

Zeeuws- Limited water storage capacity due to geomorphological and geohydrological constraints.

Vlaanderen Water import from Rhine/Meuse to overcome local water shortage, which was insufficient
during recent droughts and negatively impacted industry and agriculture.
Aquaconnect will i) provide digital tools to enhance the regional water storage capacity (WP2);
ii) combine these with risk-assessment tools (WP3) and new water treatment technologies
(WP4) in a regional smart water-grid (WP6) in collaboration with regional stakeholder-group
‘Robust Water Management Zeeuws-Vlaanderen’, supported by an assessment of legal
boundaries and governance arrangement on regional and cross-border scale (WP5)

Amsterdam Densely urbanized and economically important region that is increasingly affected by climate-

Metropolitan change related drought and salt water intrusion into surface water and groundwater.

Region AquaConnect will provide innovative water-treatment technologies (WP 3&4) within a smart

water-grid that allows i) the production of water for industry or storage in dune subsurface
area (related to the ‘Water Factory’ project of wastewater treatment facility ‘Wervershoof’ of
stakeholders HHNK, PWN) and ii) the use of treated water for irrigating Amsterdam city parks.

Higher Sandy
Soils

Hosts extensive agriculture, (agro)industry, the largest nature conservation areas of The
Netherlands and preserves an important part of the national fresh groundwater stock.

The region is designed to transport surplus precipitation as quick as possible to prevent
flooding, while the droughts in 2018, 2019 and 2020 resulted in substantial decline in stream
discharge and groundwater levels, with detrimental impact on agriculture and nature.
AquaConnect will i) develop an assessment-tool for regional redesign (WP6) that transforms
the water system in a water-buffering water-grid by identifying locations for storage of
unconventional water resources, incorporating cyclic water system risk-assessment (WP3) and
innovative water treatment technologies (WP4) to protect the water-buffer against
contamination with micropollutants; ii) define the new responsibilities for water users and
water-producers within this regional water-grid (WP5).

Province of Home to 3.5 million people, Rotterdam port and a large agriculture/horticulture sector.
South- Groundwater extraction, land subsidence, salinization and population growth put pressure on
Holland the fresh water availability, while surplus fresh water is discharged to sea.
AquaConnect will i) identify the possibilities for brackish water extraction and subsurface brine
injection (WP2), industry water-cascading in a smart water-grid (WP6) and reuse of treated
wastewater as a result of innovative treatment technologies (WP4), taking into account quality
risks in circular water systems (WP3) and the subsurface (WP4) and the legal and
administrative boundaries of using nonconventional water resources (WP5).
Global AquaConnect will assess the sustainability of effluent, sludge and brine reuse in Qatar (WP4)
outreach as part of the ‘Greening the Dessert Program’ of Shell and academic partners (twinning case
building on Higher sandy Soils), delivering extreme boundary conditions for implementing circular water-
existing grids (WP6), accounting for different cultural perceptions of water-reuse in governance (WP5).
international AquaConnect will build on existing work of Deltares and WUR in Chile (twinning with case
relations South Holland) to identify locations to capture precipitation surplus (WP5) to overcome dry

periods. Treatment before storage (WP3 / WP4) and water ownership and responsibilities
(WP5) are important issues after storage.

= AquaConnect will exchange scientific knowledge in running projects in Vietham (NWO-UDW
ENTIRE, circular water management of three industrial parks in Ho Chi Minh City Region), in
twinning with case Zeeuws-Vlaanderen, and Bangladesh (NUFFIC, reuse of wastewater for
agricultural irrigation in Bengal cities), in twinning with case Amsterdam, irrigating parks.

Vision of Impact. The problems with fresh water provision in the four demonstration cases are symptomatic of the
current and future fresh water provision that can be and will be found in many deltas around the world. It illustrates
the urgency of finding solutions for safeguarding self-sufficient regional water supply that are both generally applicable
to many deltas yet sufficiently flexible to be optimal for a given case. AquaConnect (AC) will provide the scientific
knowledge needed for these generic yet flexible solutions in the form of climate-robust smart water-grids for regional
water management, for which AC creates innovative new digital and chemical technologies and governance
approaches. These newly-developed digital and chemical technologies (delivered in year 1- 3) will be validated and
demonstrated in pilots and smart grids in ongoing and new case-studies (in year 2-4), offered by the regional
stakeholders (regional authorities, water authorities, drinking water companies and water end-users) (in year 1-3)
in the four earlier described Dutch regions in close collaboration with research institutes. Scientific analyses of socio-
economic and legal instruments in close cooperation with local, regional and national authorities (in year 1-3) will
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facilitate the smooth full-scale implementation of the newly developed key technologies (in year 2- 4). Business models
for these newly developed technologies will be assessed together with technology-suppliers and consultancies (year
4-4.5 = end of AC). Ultimately, this will lead to an AquaConnect toolbox of proven technologies that can be used for
the scaling up of smart water-grids throughout The Netherlands (year 4-4.5 plus post-project), and demonstrated on
pilot to full scale internationally (year 4-4.5, plus post project) by companies involved in AC.

3.2 Objectives and technical & scientific challenges

The main challenge (in general) is that currently sub-systems for alternative water provision are invented and
optimized to cope with increasing droughts. AC needs to consider the entire water system, including buffers,
infrastructure, users and prosumers, and the management of that system through governance and infra structures,
which are supported by adequate data, treatment and knowledge about boundary conditions and constraints (legal,
societal, economic). During the co-design phase of the AguaConnect research-proposal together with regional
authorities, water authorities, drinking water companies, technology-providers, research institutes and water users,
several scientific knowledge gaps and challenges related to missing modeling and water treatment technologies and
missing legal and governance instruments were identified (section 3.1) for which increased scientific insights are
needed in service to the realization of a regional smart water-grid containing key-technologies in the case-study
regions. The overarching theme of AC is a nationwide water provision system vision, including the novel technologies
developed, which can only be demonstrated in regional context and then adopted by other regions, as we call here
smart water grids. As a result, the following scientific objectives and scientific output of the 5 scientific WPs of AC were
determined (Table 2).

Table 2. Scientific challenges and objectives of AquaConnect

wpP Scientific challenge Objective

WP2 - Numerical models to support the design of smart | - To develop seamlessly scalable (between regional
water-grids needed to be able to couple regional | and local scale) groundwater-surface water models
scale impacts to local solutions. Such models are | including salinity that calculate current and future
currently not available. subsurface water distribution and storage
- Limited insights in the effect of brine injection and | possibilities: WP 2.1.
brackish groundwater extraction on subsurface | - To experimentally determine the effect of brackish

water distribution. water extraction on subsurface water distribution:

- Methods for the operational monitoring and | WP 2.1.

management of underground fresh-saline | - To design a generic toolbox to support the
groundwater resources are lacking. management of underground water storage and

extraction by data-model assimilation: WP 2.2.

WP3 - Limited insight in occurrence and fate of the | - To experimentally determine the fate of chemicals
mixture of unknown, hydrophilic compounds that | in groundwater systems used for water storage, as
easily circulate through the water cycle. input for WP 3.1: WP 3.2.
- No comprehensive understanding of the fate of | - The development of risk-assessment strategies
compounds in subsurface water systems. that can identify potentially harmful chemicals in

- Existing risk assessment tools do not | cyclic water systems, which provides input for fit-for-
comprehensively assess circular water systems | purpose water treatment (WP4) and legislation
where re-use can affect human and environmental | around cyclic water reuse (WP5): WP 3.1.

health. - To assess the impact of water reuse instead of
discharge on biodiversity using the NWO research
infrastructures ARISE!! and UNLOCK*?: WP 3.1.

WP4 - Water treatment technologies that allow | - To develop a configuration of electrodialysis and
selective removal of specific pollutants are | nanofiltration that can selectively remove target
currently insufficiently developed for full-scale | chemicals (WP 3) from diverse water streams: WP

application, in a water-on-demand contex. 4.1.

- Current sustainability assessment frameworks for | - To broaden currently existing sustainability
brine and sludge treatment and reuse only | frameworks with newly identified chemicals of risk
incorporate a limited set of contaminants. in circular water systems (WP 3) using modelling and

field-experiments that predict the quality effects of
reusing or disposing residual streams on soil, surface
water and groundwater, setting treatment targets:

WP 4.2.
WP5 | - Lack of awareness of meaning of freshwater | - To develop models and calculate the economic
availability for the regional economy. value of freshwater for the regional economy: WP

5.1.
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- Complex policy and legal frameworks designed
for linear resource systems, not allowing circularity
thus blocking effluent and brackish water reuse.

- No knowledge of alternative frameworks that
secure economic viability, ecological integrity, but
need institutional changes and inclusion of societal
perceptions.

- No insight into non-technical societal factors
needed for upscaling from a pilot/demonstration
phase to a national and global level.

- To map policy and legal frameworks that guide
water provision in a comprehensible way: WP 5.2.

- To develop insight in alternative frameworks that
exist elsewhere on the global and that secure
economic viability, ecological integrity and societal
perceptions issues: WP 5.3.

- To study how upscaling issues (including perception
matters) have been addressed elsewhere to upscale
technologies: WP 5.3.

WP 6

- A lack of knowledge on how to computationally
formulate and optimize adaptive integrated local
water grid system with uncertainty.

- No tools for the redesign of local and regional
water networks to improve water availability
taking into account uncertainty in availability of
data associated with different land uses,
hydrological water system organization and the
hydrogeological system.

- Lack of analytical methods and deployment
framework for the real-time monitoring and
optimal decision-making of newly developed smart
water-grids delivering water to wide range of
future demand profiles.

- To develop a decision-support tool for water-grid
optimization that can generate a climate-robust
water system, based on new water sources (WP2),
associated risks (WP3), new technology (WP4) and
institutional, socio-economic and legal constraints
(WP5): WP 6.1.

- To develop a monitoring and closed-loop control
framework for local smart water-grids based on
distributed model predictive control and artificial
intelligence: WP 6.2.

- To develop a decision-support tool for regional
authorities that allows regional redesign to include
all potential water users, including the environment:
WP 6.3.

3.3 Sense of urgency and uniqueness of the
proposed program

The Dutch Delta was thought to be safe for decades due to its extensive flood-protection measures during the last 60
years. Inthe last 10 years, a new annual threat has become apparent requiring adaptation urgently: a seasonal shortage
of fresh water accompanied by falling water tables'?, salinization of coastal surface and groundwater!* and reduced
river discharges, stressing horticultural/agricultural, industrial, domestic and nature conservation sectors'®. The
occurrence of dry spring and summer seasons in 2018, 2019, and 2020 has indicated the urgency for acting now and
provided the political motivation to initiate national drought strategies to supplement the already existing “Deltaplan
zoetwater” (Delta plan for fresh water management)!®. These strategies are predominantly aimed at fresh water
provision through the larger water distribution ways of The Netherlands, which depend on the main river discharges.
Areas remote from this main Rhine/Meuse tributary system are connected by channels and pipelines to it, with central
storage facilities, such as in the “Biesbosch basins”, adaptive level controlled Markermeer, or subsurface reservoirs in
dune infiltration areas. However, these connections can neither fully resolve the water provision on the very local scale
under the extreme drought conditions -currently and in the near future-, nor mitigate the increased salinization of
surface and groundwaters in coastal regions, nor prevent drought damage to agriculture and nature in the inland sandy
soil regions. Other solutions than the traditionally centralized approach are urgently needed. AquaConnect responds
to this urgency with a unique and different multidisciplinary and cross-institutional approach seeking the solutions by
transformations in water provision and water storage on the local scale. For these solutions, AC delivers the missing
knowledge to create alternative water resource based water grids in direct interaction with local stakeholders, a new
and original approach crossing the boundaries of -and connecting the sector-wise organized- water institutions (Water
authorities, drinking water companies, provinces, municipalities, ministries) with water demanding users (industries,
agriculture/horticulture and nature conservation organizations). The generation of knowledge needed can only be
done by a new and innovative multidisciplinary approach combining (hydro)geology, hydro-ecology, environmental
chemistry and biotechnology, material science and water technology, digital and smart grid computer modelling
technologies, and water governance, all in one team. By a strong inclusion of social sciences in interaction with
stakeholders, we will design water provision grids in four case studies in NL that are up-front society supported, i.e.
essential for scaling up nationally at the end and after the project. The in AC involved applied research institutes
Deltares, Wageningen Research, KWR and HZ University of Applied Sciences, are essential in connecting to practice
and future scaling up. The integrated approach and the individual technologies we develop are also in themselves
unique and providing groundbreaking new knowledge:
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i) The socio-technological approach of WP5 combined with other WPs (as has been used in the creation of the
proposal following Theory of Change and Routes to Impact methods) in direct interaction with key
stakeholders gives a typical Dutch — and therefore an original scientific and practice integrated— approach
which is essential in effectuating routes to impact, thus preventing the classical traps of “Disconnected
Science and Technology Push” leading to science and technologies remaining unused after projects finish.

ii) Numerical models describing the saline-fresh groundwater distribution (WP2) needed to address the multi-
scale impacts of climate change, underground water storage strategies and brine disposal are essential and a
unique frontrunning expertise of UU/Deltares.

iii) Circular system risk assessments addressing compounds of emerging concern are -until this moment- absent
in science and practice, and the new insights will give water authorities a firsthand in designing innovative
and appropriate quality regulations (UvA/WUR, WP3).

iv) Treatment technologies (WP4) achieve tailored water quality and as well addressing qualities of brines and
sludges for their sustainable use, are highly original and needed in (inter)national applications (WUR/UT).

v) The smart water grid technologies (WP6) are very innovative, building on projects Water Nexus (Perspectief
2015, WUR/TUD) and smart grid engineering know how (TUD/TU/E), and will be tailored to communicate
with national water distribution models (in The Netherlands, the national hydraulic set of instruments (NHI)*’
and associated regional grid models (RTC)*8.

vi) The 4 national case-studies and 4 international twinnings are a new way of creating platforms for integration,
national upscaling and international outreach.

AquaConnect is unique and original and it builds on and prevents duplication of other running large research programs,
either completed or in their finalisation stage, such as Water Nexus!?, COASTAR?, Lumbricus?!, and ADAPT-LOCKIN?2,
Water Nexus NWO Perspectief (2015-2021) studies water provision in an industrial setting, combining natural and
chemical technologies for treatment of industrial effluents enabling reuse by the industry, and digital technologies to
match water demand and supply, currently leading to pilots and upscaling by the industrial partners. A key outcome
of Water Nexus is the need to expand the water grid from serving one industry only to multiple water users in the full
region requiring additional stakeholders and new governance approaches, which are the topics of AC for the case
Zeeuws-Vlaanderen. COASTAR TKI 2018-2020 performed feasibility studies done by KWR and Deltares for different
measures concerning brackish water extraction and artificial recharge, specifically for the province of South-Holland.
It showed the need for a better understanding on fresh/salt water interfaces in the subsurface (WP2) to assess effects
of extraction/recharge measures on groundwater salt intrusion. Moreover, it indicated that new ways for brine
management (WP 2 and 4) and groundwater policies (WP 5) are needed. Within the applied research program
Lumbricus, solutions to improve the water availability for farmers and to decrease the pressure on groundwater
resources in the Higher Sandy Soil regions have been developed, focusing on water holding capacity of soils and
agricultural fields. Within AC, we expand to the full regional system (soils, surface waters, groundwater, wastewater
treatment systems, storm water collection areas) with all water stakeholders included (provinces, drinking water
companies, water authorities) to redesign landscapes from the perspective of “smart water grids” for all water
depending parties (WP6). Especially water quality (compounds of emerging concern, and effects of brines and sludges)
in a circular water system are studied in AC (WP3, 4). ADAPT-LOCKIN studied governance processes that block
innovation, and the results feed in nicely in AC governance WP5. In addition, AC is compatible with new research
initiatives related to fresh and salt water management (e.g.,, Dunea’s FRESHMAN pilot?3), KLIMAP? and
SALTISolutions?. The objective of KLIMAP (TKI 2020-2024) is to develop tools and transition pathways to climate-proof
design, use and management of the water and soil systems for (circular) agriculture and nature in the Dutch Higher
Sandy Soils region. Especially the key chemical and digital technologies and the governance approach of AC are
complementary to KLIMAP. SALTISolutions (NWO perspectief 2019-2024) creates a virtual model (digital twin) of the
Rijn-Maas delta. It integrates knowledge about processes in surface water on different space and time scales and will
predict saltwater penetrating towards inland surface water and how nature-based solutions can mitigate these. In AC,
solutions in the subsurface and fit-for-purpose water reuse are investigated and tools are developed for interaction
between groundwater and surface water including salinity, which are complementary to SALTIsolutions.

The Dutch water authorities and drinking water companies have already initiated several circular water management
and demo approaches in the so-called Water Factory (in Dutch “Waterfabriek”) projects, with demonstration budgets
of millions of euros, such as the Higher Sandy Soil region project WILP?® (with DW company Vitens and WAs Vallei and
Veluwe and Aa en Maas, both involved in AC), and New Hart?’ project (With WA NHNK and DW company PWN, in
Amsterdam Region, both involved in AC). AC builds on and leans from these larger applied projects and ads on missing
scientific components. The same holds for the Rijkswaterstaat-STOWA demonstration PILOT program on CEC
compound removal (60 million Euro investment from 2021 on)?’. Though CEC chemical and biotechnical removal is one
of the most important issues to be considered in circular water approaches, the above mentioned program and other
technology programs where AC partners already participate (WUR, UT, UVA, RHDHV, Witteveen and Bos, STOWA) will
feed this knowledge into AC, motivated to only focus in AC on the risk assessment and in-situ biodegradation of polar
CEC’s in WP 3 and 4. Hence, though many projects have been or are running on water in the Delta in The Netherlands,
AC has its own, original and unique niche, not repeating but complementing the projects mentioned, and addressing
an urgent societal need for development of climate robust fresh water provision.
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3.4 Consortium

Scientific consortium

Department

Expertise and complementarities

Environmental Technology (WUR)
Prof dr. ir. Huub Rijnaarts (number of publications:

Shahab Shariat Torbaghan (18), Dr. Thomas Wagner
(10), Katarzyna Kujawa (22).

145, *), Dr. Nora Sutton (25), Dr. Jouke Dykstra (13), Dr.

Development of chemical water treatment technologies;
Micropollutant risk assessment in water systems;
Modelling of digital water networks under uncertainty.
International water projects global south; Managing large
(xx M€) multidisciplinary integrated RTD projects (*), last
20 years.

Soil Physics and Land Management (WUR)
Prof dr. ir. Sjoerd van der Zee (90), Dr. Perry de Louw
(43), Dr.ir. Ruud Bartholomeus (24)

Geohydrological modelling (soil-unsaturated zone-
groundwater) to design ecological and productive land
and water system

Landscape Functioning, Geo-computation and
Hydrology (UU)

Prof. dr. Marc Bierkens (183), Dr. Gualbert Oude Essink
(47), Dr. Perry de Louw (43), Dr. Marios Karaoulis (12)

Groundwater modelling especially fresh and salt water
interface dynamics, in response to human interventions
and climate change

Department of Law/Utrecht Centre for Water, Oceans
and Sustainability Law (UU)
Dr. Herman Kasper Gilissen (8)

Legal aspects of innovations towards sustainability

Electrical Engineering (TU/e)
Prof. dr. ir. Jeroen Voeten (44), Dr. Dip Goswami (63),
Dr. Mircea Lazar (135), Prof. dr. Paul Van den Hof (187)

Smart Grid Design, Optimization and Control (Energy)
Cross connecting this disciplinary field with Water
resources management.

Environmental Policy Analysis (VU)
Prof. Dave Huitema (65), Prof. Roy Brouwer (105)

Environmental economics, ecosystem services,, economic
modeling, nature valuation. Adaptive governance, policy
experiments, policy dynamics, policy entrepreneurship.

Freshwater and Marine Ecology (UvA)
Prof. Annemarie van Wezel (75)

Chemical risk assessment, Environmental chemistry,
Water quality in relation to Human and Ecological Health

Civil Engineering and Geoscience (TU/D)
Prof. Nick van de Giesen (174), Dr. Edo Abraham (31)

Hydrology, water management, climate, networked
water systems, water-energy nexus, numerical
optimization, uncertainty modelling, optimal control.

Membrane Science & Technology (UT)
Prof. Wiebe de Vos (68), Prof. Rob Lammertink (155)

Material Science to design membrane technologies for
molecular water treatment

Deltares (DELT - TO2)
Dr. Perry de Louw (43), Dr. Esther van Baaren (8), Hans
van Duijne

Groundwater models, Salinization problems, water
management, stakeholders management on knowledge
development; management and organization large R&DI
projects; connecting to projects COASTAR, SALT ISolutions

HZ University of Applied Sciences (HZ)
Dr. Hans Cappon (12), Dr. Teun Terpstra

Applications in water treatment: lab and pilot operations,
(field) data acquisition and analysis, water governance
and behavioral science related to practical application

Wageningen Environmental Research (WEnR — TO2)
Dr. Koen Wetser (4), ir. Myrjam de Graaf

Integrated approaches and water governance in water
preserving landscapes; Connecting to projects “Zicht op
elke druppel”, KLIMAP

* WELCOME (EU FW4, 2M€), CORONA (EU FWS5, Biotech part 1M€), AQUATERRA-BASIN (EU FW6, 10M€ of 23M€), UPSOIL (EU FW7, 1IM€),
SOWACOR (KAUST-grant, Part Bioprocesses, 1M€ of 4M€), ENTIRE (NWO-UDW, 1.5M€), WATER NEXUS (NWO-STW Perspectief 2015,

6M€), UNLOCK (NWO Roadmap Large Infrastructure, 3.7M€ of 25M€)
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User community

Technology-developing companies
- Nijhuis Industries

- NXFiltration

- ICT Solutions

Technology providers for treatment of water on-demand, i.e.
electrochemical technologies (Nijhuis), i.e. eager to develop ED, in addition
to existing electro coagulation and RO approaches. Developing NF
technologies (NXF), and design and user of local water grid services for water
boards and drinking water companies (ICT Netherlands). (WPs 4,6,7).

Technology and consultancy
companies

- Witteveen & Bos

- Royal Haskoning DHV

- KnowH,0

Consultancies supporting water authorities and drinking water companies
with integrative circular water studies and water grid designs, including new
landscaping and infrastructure, and implementation projects with
contractors; inclusion of novel treatment and digital technologies herein
(together with technology providers), and supporting governmental
organizations in policy innovations (i.e. water reuse, brine and sludge
management, and use of risk assessment methods; International marketing
of Dutch approaches and technologies is more than 60% of the business. (WP
2,3,4,5,6,7).

Water user companies
-Dow

- Shell

- Swinkels

Large industrial water producers and users; water as essential resource to
produce i.e. securing to overcome scarcity; water produced as a resource to
sustain local water scarce societies, i.e. greening the Dessert; water producer
consumer, enforcing regional water approaches (WPs 2,3,4,5,6,7).

Drinking water companies
- Vitens
- Dunea
- Oasen
- Evides

Initiators of smart water grids together with water authorities, inclusions of
the AguaConnect demonstrations. Extractions out of surface water and
groundwater (including brackish water, and reinjection of brines) and
enlarging dune infiltration capacities as drought overcoming resources and
for mitigating salt water intrusions through the coastal subsurface. (WPs
2,3,4,5,6,7).

Water authorities

- Rijn & lssel

- Vallei & Veluwe

- Hoogheemraadschap Hollands
Noorderkwartier

- Scheldestromen

- Aa en Maas

- Drents-Overijsselse Delta

Innovations in water management, infrastructures and operations, including
the design and creation of circular water systems by embedding new
treatment chains and reuse of effluents, brackish water and storm water.
Management of the surface water system in the region, including the
transition towards improved water holding capacity by reducing discharge
and increasing storage in subsurface and basins. Together with water
companies initiators of smart water grids, the future management and
operation of these and inclusions of the AquaConnect demonstrations in the
case-studies (WPs 2,3,4,5,6,7).

Overarching organizations

- STOWA

- GlastuinbouwNL

- Water Alliance

- Netherlands Water Partnership

STOWA represents water board research in NL, GlastuinbouwNL, has great
interests in local water grids, because the sector is threatened in business by
fresh water shortage; Water Alliance is representing water technology
companies in the NL to promote international outreach and marketing, and
KnowH20 is an organization communicating and advising on water
innovation issues (Espec WP7 and aspects of WP 2,3,4,5,6).

Research Institutes
- KWR Water Research Institute
- AMS institute

Applied knowledge institutes for circular urban systems including water
provision (AMS); and helping the drinking and water board sector to adopt
circular safe, secure and clean water provision through water treatment and
in natural storage (KWR). (WPs 5,6,7).

Local governmental organisations
- Municipality Terneuzen
- Municipality Amsterdam

Water governance and policy innovations, including local infrastructures,
local government (WPs 5 and 7)

Regional governmental
organizations

- Province of North-Brabant
- Province of Zeeland

- Province of South-Holland

Water governance and policy innovations, including national and provincial
infrastructures, regional government, especially permitting ground water
extractions and reinjections (WPs 2, 5, 7)

National governmental
organizations

- Ministery of Infrastructure and
Water Management

Water governance and policy innovations, including national infrastructures;
central government (WPs 5 and 7)
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3.5 Outcomes related to scientific insights (Output)

Outcomes (OC) of AquaConnect (Table 3) are ultimately changes in practices in the Dutch and international Water
Sector to ensure future fresh water provision in a drought-resistant water system. These outcomes are related to the
scientific insights following from the scientific objectives of AquaConnect (Table 2) and output (see Section 3.6.) i.e.
better understanding on main aspects of nonconventional water based provision and buffering via interdisciplinary
research integrating (geo-)engineering, environmental science, ecology, hydrology, water technology, social sciences
(governance and economics), digital system control and optimization science (Fig. 3).

AquaConnect

Scientific insights and output

WP2. Digital water
distribution modelling

WP3. Risk-assessment
circular water systems

technologies

Insight in current and future water supply and
measures to enhance quality and quantity of
these (WP. 2.1).

Insight in the effect of brine disposal and
water storage on current and future water
quality and quantity (WP. 2.2).

Risk-assessment based guidelines for cyclic
water use (WP. 3.1).

Insight in the effect of environmental
conditions on the fate of micropollutants
during subsurface storage and subsequent
use of water (WP. 3.2).

Physical and chemical water treatment
technologies to meet water quality standards
(WP. 4.1).

A framework for integrated sustainability

WPS. Fresh water
governance

WP6. Digital water-grid
optimization

WP7. Demonstration

Business cases for innovative circular water
management (WP. 5.1).

Legal and policy frameworks for socio-
hydrological resilience (WP5.2).

Stakeholder assessment tool for institutional
change in freshwater governance (WP5.3).

A decision-support tool for optimal regional
planning of fresh water grids (WP. 6.1).

A platform for optimal monitoring and
control of a regional water-grid (WP. 6.2).

A decision-support tool to assess the impact
of integrated measures on regional water
bodies (WP. 6.3).

Successful demonstration of output of WPs 2-
6 in integrated context-specific smart water-
grid solutions in the utilization cases.

Guideline for further upscaling of smart

[ WP4. Water treatment

and upscaling

water-grid approaches in NL and worldwide.

nent of residual product reuse
(WP. 4.2).

Figure 3. Scientific insights and output of AquaConnect workpackages.

Table 3. Outcomes of AquaConnect

Insights and | Outcome (OC)
output (Fig. 3)
- WP5.1. OC 1. Framework for institutional collaboration and interaction for circular water approaches.
- WP5.2 Through AquaConnect, relevant stakeholders will optimize communicating their role in fresh
- WP5.3 water provision as developed and demonstrated in four case study regions. AquaConnect
stakeholders will overcome current governance and economic barriers and enforce institutional
roles in circular water management.
- WP21 OC 2. Explicit business cases enhancing economic and social drive to develop and implement
- WP2.2 nonconventional water based water grids. The “profits” of the nonconventional water source
- WP3.1 based supply have become explicit: i) water grid controllers such as water authorities and water
- WP4.1 companies, or PPS collaborations, offer a secured provision and thus income to industry,
- WP5.1 agriculture, municipality and nature. Pressure on groundwater extractions is thus relieved. End
- WP6.1 users in industry, agriculture and nature pay for the smart grid water delivered but gain by
- WP6.3 secured conditions. Local communities gain in higher quality of the local environment, secured
- WP7 water provision and higher ecological value. Water technology providers develop their marketin
The Netherlands, and even more strongly internationally.
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- WP22 OC 3. Regulatory base for use of nonconventional water resources, and sustainable
- WP31 management of brines and sludge. By circular approaches intentionally using nonconventional
- WP3.2 water sources quality issues might appear, without adequate technological interventions.
- WP4.1 Contaminants can accumulate, and lead to adverse effects. For applications of effluents, brines
- WP4.2 and sludges to soil, surface and groundwater adequate standards are to be developed, which
- WP5.2 address the balance between the precautionary principle and natural cleaning capacities. New

environmental legislation (e.g. Omgevingswet in NL, Water Reuse Regulation in EU) offer
opportunities to implement the AquaConnect developments.

- WP31 OC 4. Nonconventional water sources are accepted and implemented as important part a
- WP4.1 drought-resistant water provision system. Through AquaConnect, stakeholders are able to
- WP5.1 motivate that regionally organized smart grid measures (infrastructure, treatment technology,
- Wp6.1 spatial planning) needed to be included in future fresh water provision, by quantitative and
- WP6.2 qualitative assessment of water demands including fit-for-purpose quality requirements, buffer
- WP6.3 capacities and use of nonconventional water sources.

- WP7 OC 5. A portfolio for nonconventional water sources based smart water grids is showcased and

ready to expand in the Dutch, European and global markets. Through AquaConnect, a
demonstration program is built and internationally disseminated including the following smart
water grids: Zeeuws-Vlaanderen, South Holland including Port of Rotterdam, Smart Grid Higher
Sandy Soil regions in adherence to the “WaterFabriek” (WaterFactory) program of WA, Smart
Grid MRA including the renewed “New Heart/Wervershoof” waste water treatment facility and
water redistribution for irrigating Amsterdam parks. Outreach twinning cases exchange
knowledge with Vietnam (Circular water for Industry, industrial parks Ho Chi Minh City), Chili
(Water Storage for agriculture), Qatar (Greening the Desert, potential expansion to Oman), and
Bangladesh (Urban water for irrigation), and other future outreach potentials (Mediterranean
areas via the EU Green Deal, with support of the NL Water Alliance, and future collaborations of
the water authorities and drinking water companies running outreach program BLUEDEAL
towards Africa and South East Asia.

3.6 Program structure

3.6.1 Overview program and projects/work packages

AquaConnect will consist of a project governance WP (1), five technical WPs (2,3,4,5, 6) that produce technologies and
tools that will be implemented at different nodes in a smart water-grid and 1 WP (7) that focusses on demonstration,
upscaling and outreach of AquaConnect smart water-grids in the case-study regions, NL and the world.

Work package 1 — Project governance. Within WP1, the program leader Prof. H. Rijnaarts is supported by a program
manager in the daily management of the program. The program leader and program manager are responsible for
integration of the research within the framework of AquaConnect, demonstration of the newly developed key-
technologies in the four AquaConnect case-studies and dissemination of the outcomes of AquaConnect to other
regions, in The Netherlands and abroad. (NOTE: there is another WP oriented on research on Governance of Water
provision (WP5), not to be confused with WP1).

Work package 2 — Digital technologies for subsurface water distribution modelling. WP-leader: Prof. M. Bierkens
WP2.1. Regional high-resolution integrated groundwater-surface water modelling. Hyper-resolution and scalable
coupled groundwater-surface water models will be developed that allow for calculation of current and future water
supply, the effects of underground water storage and brine disposal, and the impact of local and regional application
of chemical technologies to enhance water supply and water quality.

WP2.2. Management of fresh groundwater resources using data-model assimilation and model predictive control.
Geophysical monitoring data are integrated with 3D numerical variable-density groundwater flow models to predict
the status of fresh groundwater lenses in coastal zones and their reaction to future stresses. This provides tools for
effective site-specific groundwater management, monitoring and control.

Work package 3 — Risk assessment of cyclic water systems that include nature-based treatment and storage. WP-
leader: Dr. Nora Sutton

WP3.1. Risk assessment of re-use in cyclic water systems. Here we focus on the human and environmental risks of
organic synthetic chemicals present in nonconventional water sources. Practical and science-based guidelines are
developed for end-users in drinking water utilities, industries, and agriculture that have to decide on various options
for water re-use. Also insights are developed into the effects of water re-use on the ecological system.

WP3.2. Improving prediction of micropollutants transformation product formation in groundwater systems. Key
insights into the effect of the environmental conditions in groundwater on the fate and transformation of
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micropollutants that threaten the water quality in closed water cycles is obtained that can be used for both

conventional and new water sources.

Work package 4 — Chemical and physical technologies for fit-for-purpose water supply. WP-leader: Dr. J. Dykstra

WP4.1. Fit-for-purpose water treatment including brine-management. A combination of novel nanofiltration- and

electrodialysis membranes will be developed that allow the tailor-made treatment of diverse water-streams for the

removal of specific contaminants, also allowing to make brines compatible for further treatment or disposal.

WP4.2. Managing and engineering quality effects of effluents, brines and sludges for application in soil and

groundwater. A framework for sustainability assessment of the effect of infiltrating treated effluents and sludges to

soils to enhance crop production, and brines to saline aquifers, to minimize environmental impact will be developed

by modelling and testing different environmental subsurface compartments.

Work package 5 — Freshwater provision governance. WP-leader: Prof. D. Huitema

5.1. Socio-economic analysis of sustainable circular water governance systems. A hydro-economic model will be

developed that assesses the economic benefits associated with innovative circular water management.

5.2. Assessment of legal and policy issues to foster regional socio-hydrological resilience. Local, regional, national and

supranational legal and policy frameworks that enable socio-hydrological resilience will be analyzed and evaluated.

Based on in-depth case study research and comparative analysis transferrable good practices will be identified.

5.3. Science-policy interactions, stakeholder involvement and upscaling. Design of an integrated assessment tool for

stakeholders that allows an institutional change in fresh water governance.

Work package 6 — The digital smart water-grid. WP-leader: Prof. H. Rijnaarts

WPe6.1. Robust optimization of future smart water grids at scale: harnessing heterogeneity of supply and demand

through centralized and decentralized decision systems. A decision support tool will be developed for regional planning

by analyzing opportunities for the distributed production, storage and transport of water to different users through

analysis of users’ consumption patterns, water quality needs and possible supply sources.

WP6.2. Real-time monitoring and model predictive control of smart water-grids. Model predictive control

algorithms and multi-core computational platforms will be used to develop a fast and integrated local water embedded

model predictive control solution that controls water distribution systems based on current and future water demands.

WP6.3. Region redesign towards improved fresh water availability. Development of a fast-calculating tool that assesses

the impact of a set of integrated measures for improved fresh water availability on regional subsurface and surface

water bodies and water users.

Work package 7 — Demonstration and (inter)national application. WP-leader: Prof. H. Rijnaarts, supported for

- integration and national upscaling by Paul Roeleveld (RHDHV) and Arjen van Nieuwenhuijzen (WI &
Bos), and

- international outreach, by H. van Duijne (Deltares) and Dr. Katarzyna Kujawa (WUR)

The postdocs and applied knowledge institute researchers ensure inclusion of scientific findings of WPs 2, 3, 4, 5 and

6 into demonstration and application in direct interaction with case-related stakeholders in Zeeuws-Vlaanderen, MRA,

Zuid-Holland and the Higher Sandy Soils. AquaConnect PhDs will be linked to the (ongoing and planned) long-term field

scale pilots and demonstrations, which are executed by the knowledge institutes within the framework of other

research programs, such as COASTAR and Lumbricus (section 3.3), this way strengthening the scientific basis for the

solutions applied. Demonstration in the case-studies will lead to a toolbox of key technologies which can be

implemented in a smart water-grid that can also be used in other regions in The Netherlands, and worldwide.
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Figure 4. Program work package coherence.
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3.6.2 Added programmatic value

The integration of scientific insights from diverse fields, i.e natural and anthropogenic water systems modelling, water
treatment and water governance, is key to creating regional climate-robust fresh water-grids that ensure future fresh
water supply in water-scarce areas. To facilitate the integration and implementation of key technological solutions,
AquaConnect will integrate these disciplines within one project, with the aim to demonstrate the integrated regional
smart water-grids in the four case-study areas in The Netherlands (WP.7). The definition of the scientific and technical
challenges for developing smart water-grids during the co-design phase (section 3.2) has been instrumental for the
identification of the scientific research questions within AquaConnect and forms the basis for the synergy within the
scientific workpackages (Fig. 4). In WP2 of AquaConnect, key digital tools will be developed that will be embedded
within currently existing digital instruments for decision-support in water management in The Netherlands, such as
The Netherlands Hydrological Instrument (NHI). These tools allow the identification of new water resources and the
impact of extracting these from the subsurface (WP2.1 &2.2). Various digital, chemical and biological risk-assessment
methods will be developed (WPs 3.1, 3.2 & 4.2) to identify potential chemical and physical risks of using new water
resources in a circular water approach, which will also form input for WPs 2.1 & 2.2 in the identification of suitable
new water resources. In addition, the outcomes of these risk-assessments (WPs 3.1, 3.2 & 4.2) will provide a target
group of harmful chemical pollutants in circular water systems, either due to their toxicity or persistency, that need to
be removed by fit-for-purpose treatment (WP4.1). Similarly, harmful chemical pollutants in brines and sludges, whose
production is inevitable with fit-for-purpose treatment, will be identified, which allows their targeted removal to make
brines environmentally compatible and dischargeable (WP4.1 & 4.2). Furthermore, the risk-assessment (WPs 3.1, 3.2
& 4.2) is tightly connecting the different current legal constrictions for water reuse and water discharge, and improved
insights in chemical and physical risks within cyclic water systems provides the scientific knowledge that is required to
evoke a paradigm-shift in water governance, which is reluctant to reuse and storage of used and treated water sources
(WP5). These new water sources require optimal distribution among the various users (WP6.1), taking into account
already existing infrastructure, existing and in AC developed fit-for-purpose treatment technologies (WP4.1), socio-
economic and legislative boundary conditions (WP5), ultimately leading to a design of a regional water system that
ensures that water users will receive this new water sources, without profound negative effects of water-extraction
on the environment (WPs 6.3 & 3.1). This water-grid design requires real-time monitoring for optimal operation of the
water grid (WP6.2). Ultimately, project governance stimulating the integration of all scientific results (WP1 and WP7
by input of the utilization perspective of the four selected delta regions) needs to result in tangible technological
solutions that will be demonstrated in the different case-studies in The Netherlands, and scaled up nationally and
abroad (WP7).

3.7 Risk management and contingency plan

Experience from participating in earlier large NWO research-consortia shows that as a result of the separation of a
large project in individual financially independent projects at the separate universities, the integration between WPs
and the integration of the scientific outcomes in demonstration projects cannot be enforced and the WPs become
independent. To prevent this, AquaConnect will be one large project with different work packages, with Prof. dr. ir.
Huub Rijnaarts of the Department of Environmental Technology of Wageningen University in the lead, supported by
an 0.4 fte program manager. The integrative collaboration will be supported by the AquaConnect recruitment
challenge and integrative design workshops through-out the program (3.8, points 2 and 4). To support the integration
of the full program and to mitigate risks when implementing a contingency plan in the connection between the
scientific WPs and demonstration projects, a Scientific Committee (SC), an End User Committee (EUC) and an Advisory
Board (AB) will be part of the program-management structure (section 5.1). These committees will address the
following risks:
- The risk that scientific excellence will be affected due to the requirement that scientific challenges need to be
connected to the demonstration projects. The SC will ensure scientific excellence within the different WPs.
- Therisk that the integration of the scientific findings into application can only be obtained when there is attention
for scalability, cohesion and integration of the challenges in the demonstration project.
- The risk of limited cooperation between PhDs and Post Docs and a lack of integration of their work into the
demonstration projects.
The AB will oversee to the overall management of the program, the integration of the results obtained in different
WPs, program communication, risk mitigation and the connection of AC to other research programs, such as
SALTIsolutions, KLIMAP and COASTAR, and the international outreach. The translation of the scientific challenges and
its connection with the demonstration projects is implemented along the use of the TRLs (Technology Readiness
Levels); the connection of all WPs and the demonstration projects is supported by the End User Committee according
to objectives and design criteria set during workshops. The project leaders of the demonstration projects are employed
by the research institutes, have management experience and are capable of leading projects and taking over
management tasks from others if required. These program managers also participate in other research programs, such
as COASTAR and KLIMAP, allowing AC to connect to already existing demonstration projects. During the first half year
of the program, several workshops are planned to determine the more detailed progress objectives, milestones and
criteria for each WP and demonstration projects with the end users and with the scientific program community (section
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5.1). These criteria will be used as indicators during progress reporting of WPs and demonstration projects. During the
workshops, the milestones, risks and mitigation strategy will be discussed, agreed and written down in a project
management document (WP1). After the workshops during the first half year of the program, we plan two meetings
per year with end users and stakeholders (see 3.8 point 4) to discuss integrative activities, potential risks, mitigation
measures to guarantee coherence, program ethics and shared responsibilities, which is important for the success of
AC.

3.8 Utilisation plan

The outcomes (OCs) of AquaConnect (section 3.5) based on the scientific insights (Fig. 3) and deliverables (Fig.2, A-F)
obtained by the different scientific workpackages (WPs, Fig. 1, 2) ) will be utilized by all participating organizations
connected within AquaConnect (section 1.4, table 4) to successfully design and implement new grids for regional fresh
water provision based on alternative water resources. In the process to adequately bring knew knowledge (Sls and
deliverables) to implementation (realization of the OCs) we adopt a detailed Utilization Strategy, with the following
steps.

1. Assessing knowledge needs and maximizing utilization potential in the proposal phase. During the formation of
the AquaConnect program, the desired outcomes and associated generation of knowledge (Sls) in WP 2-6 for tools
and technologies, case studies and outreach potential (WP7) have been defined by several online scientist-
stakeholder workshops, with stakeholders on a national platform (STOWA, Ministry I1&W, Water Alliance) and on
the level of the four case studies. This way, the AquaConnect proposal has been established using the Theory of
Change and Route-to-Impact concepts of the NWO Perspective program. By doing so, stakeholders already
defined their concept of “Smart Water Grids based on use of alternative water resources” to be designed and
subsequently implemented in their region, and the (inter)national upscaling potential of the approach.

2. Initiating Route to Impact and implementation of results at the start of AC. Upon approval and start of the
AquaConnect program, we will organize two kick-start events: i) knowledge to impact workshop for AquaConnect
case-study stakeholders and all supervising scientific supervisors of future PhD’s and postdocs to further detail
the research questions in relation to the design of local water provision grids using alternative resources (in which
STOWA, RHDHV and WI&BO have offered to take lead, together with the coordination team), and ii) an
AquaConnect Recruitment Challenge for all PhD and postdoc positions where two candidates will be proposed
by the supervising PI’s to take part in the challenge. Best candidates will be selected on i) the ability to perform
the specific scientific research, ii) creative, integrative and interactive skills, iii) ability and interest in contributing
to sustaining stakeholder interaction during the project. Hence a PhD and postdoc community with high science
and integrative and stakeholder communication abilities will be established. This group will be complemented
with the TO2 and HZ applied researchers and managers, with integrative tasks for the case studies and developing
AguaConnects’ main deliverable, the design and demo of smart water grids based on alternative water resources
in four case study regions.

3. Following the concepts of the consortium agreement set up in interaction with NWO, most of the AquaConnect
knowledge generated will be fully open to all consortium partners. For selected technologies, i.e. those of WP4.1
(ED/NF technology), and WP6.2 (Smart Grid Control), a limited knowledge and IP sharing regime will be applied
to those co-financing and knowledge developing partners involved. This is to protect future market positions of
involved partners in these WP’s. For national utilization of open and restricted technologies, contract conditions
as put forward AquaConnect participating organizations will be needed to be taken in to account, in completing
the Consortium Agreement and undersigning by all parties, which is mandatory in the starting phase of
AquaConnect, when granted.

4. The creation and integration of knowledge towards in practice implementable smart water grids during
implementation of AC. During the project implementation phase, especially the first 2 years in creating a joined
approach, we organize continued Workshops on Knowledge to Impact with PhDs/postdocs and supervisors and
stakeholders. Moreover, in many bilateral WP based collaborations, stakeholders will give input through
approximately 70% of their in kind contributions (which is 1 M€ in kind input divided over de 4 case studies) to
the different parts of AC, linking the project to practice. In addition, the university partners will connect their
education programs to AC, i.e. at minimum 50 BSc and MSc students will conduct their thesis and internship
graduation parts, in collaboration with co-financing stakeholders and PhDs and postdocs delivering two things: i)
direct practice-linked research, and ii) offering Human Capital to companies and governments, in addition to PD
and PhDs, having AquaConnect built knowledge. Moreover, all research results of WP2,3,4,5, and 6 are channeled
to application of technologies (chemical, digital) and governance tools in the four case studies in designing and
demonstrating smart water grids using alternative water resources. This will be done by a yearly smart grid design
workshop per case study, with all involved.
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5. Upscaling in the The Netherlands and global outreach. The four demonstrated smart water grids in the four case
study regions will be integrated to generic Smart Water Grid approaches for different situations under control of
WP 7, and be brought to generic concepts that can be made scalable for outreach in The Netherlands and
internationally. In WP 7, the stakeholders will heavily contribute, spending about 400 k€ (30% of their in kind)
contribution to upscaling, knowledge dissemination and market transfer. Though all have a role in this,
organizations like STOWA, Water Alliance, AMS, and the TO2 institutes and international consultants take lead in
this, while the universities will trigger their scientific networks for supporting spin off projects and innovations
also abroad, i.e., Vietnam, Bangladesh, Canada, Qatar, Oman and Chili. The water authorities and drinking water
companies will include their BlueDeal Program, including the smart water grid approach into their offerings in

water provision and sanitation to developing and emerging economies around the globe.

Tabel 4. AquaConnect outcomes (related to Sls and deliverable of W Ps) taken up by stakeholders and realizing impact

OC related to Sis (WP)

Stakeholders receiving and co-creating knowledge and further translating this
towards implementation of alternative water grids in practice

Framework for Institutional

collaboration and
interaction for circular
water (5,7)

National authorities (Ministry of Infrastructure & Environment), overarching
institutions (Port of Rotterdam, GlastuinbouwNL, STOWA), provinces (Zeeland,
South-Holland), municipalities (Terneuzen, Amsterdam), water authorities (Rijn en
lissel, Vallei & Veluwe, Hoogheemraadschap Hollands Noorderkwartier,
Vechtstromen).

Business cases, economic

and social drive for
alternative water grids
(3,5,6,7)

Drinking water companies (Vitens, Oasen, Dunea, Evides, Brabant Water). Former
water users within the smart water grid (Dow, Shell, Port of Rotterdam); Technology-
developers (Nijhuis Industries, NXFiltration, Drainblock, ICT Solutions) in
collaboration with consultancy-companies (RHDHV, Witteveen & Bos) and research
institutes (Deltares, KWR, WEnR, HZ, AMS).

Regulatory base for use of

National, regional and local authorities (Ministries, provinces and municipalities) and

shown and accepted as
important part of drought-

nonconventional water | water authorities will adopt new risk-based legislation concerning circular water use

resources, brines and | and brine- and sludge production in a regional water-grid. Water-treatment

sludges (2,3,4,5) technology developers will provide the technologies required to meet the quality-
standards for water, brine and sludge reuse in water-grids.

Alternative water grids | OCs 1-3 and the corresponding utilization plans will connect all participating

organizations in AquaConnect with the aim to develop and demonstrate the physical
and digital water regional water-grid, in which each organization is aware of their

Netherlands, European and
Global markets (7).

resistant water systems | role and responsibilities.

(2I3I4I5I6I7)

Showcase portfolio for | Technology-providers (Nijhuis, NXFiltration, ICT) overarching institutions (Water
nonconventional water | Alliance, AMS, STOWA, NWP) and consultancies (RHDHV, WI&BO, KnowH,0); Water
grids expanded in The | users (Shell, Dow); Water authorities and drinking water companies, nationally and

internationally (BLUEDEAL). Universities (WUR, UU, UvA, VU, TU/D, TU/E, UT) and
research institutes Deltares, KWR, WENR through existing collaborations nationally
and abroad.
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Workpackage

Research groups applying

Involved users

1. Project Governance

Wageningen University, Environmental Technology (Prof. H. Rijnaarts)

2.1. Regional high-resolution integrated groundwater-surface
water modelling.

Utrecht University, Landscape Functioning, Geo-computation and
Hydrology (Prof. M. Bierkens)

2.2. Management of fresh groundwater resources using data-
model assimilation and model predictive control.

Utrecht University, Landscape Functioning, Geo-computation and
Hydrology (Prof. M. Bierkens)

3.1. Risk-assessment of re-use in cyclic water systems

University of Amsterdam, Institute for Biodiversity and Ecosystem
Dynamics (Prof. A. van Wezel)
Wageningen University, Environmental Technology (Dr. N. Sutton)

3.2. Improving prediction of micropollutant transformation
product formation in groundwater systems

Wageningen University, Environmental Technology (Dr. N. Sutton)
University of Amsterdam, Institute for Biodiversity and Ecosystem
Dynamics (Prof. A. van Wezel)

4.1. Fit-for-purpose water treatment including brine
management

University of Twente, Membrane Science & Technology (Prof. W. de Vos)
Wageningen University, Environmental Technology (Dr. J. Dykstra)

4.2. Managing and engineering quality effects of effluents,
brines and sludges for application in soil and groundwater

Wageningen University
- Soil Physics and Land Management (Prof. S. van der Zee)
- Environmental Technology (Prof. H. Rijnaarts)

5.1. Socio-economic analysis of circular water governance

Vrije Universiteit. Environmental Policy Analysis (Prof. D. Huitema)
Utrecht University, Department of Law/Utrecht Centre for Water, Oceans
and Sustainability Law (Dr. H.K. Gilissen)

5.2. Assessment of legal and policy issues to foster regional
socio-hydrological resilience

Utrecht University, Department of Law/Utrecht Centre for Water, Oceans
and Sustainability Law (Dr. H.K. Gilissen)
Vrije Universiteit, Environmental Policy Analysis (Prof. D. Huitema)

5.3. Science-policy interaction, stakeholder involvement and
upscaling

Vrije Universiteit, Environmental Policy Analysis (Prof. D. Huitema)

6.1. Integrated water system, infrastructure and technology
screening

Technical University Delft, Water Management (Dr. E. Abraham)
Wageningen University, Environmental Technology (Dr. S. Shariat
Torbaghan)

6.2. Real-time monitoring and model predictive control of smart
water-grids

Eindhoven University of Technology, Electrical Engineering (Prof. J.
Voeten)

6.3. Region redesign towards improved fresh water availability

Wageningen University, Soil Physics and Land Management (Prof. S. van
der Zee)

7. Case-study demonstration and (inter)national outreach

Deltares, Wageningen Environmental Research, HZ University of Applied
Sciences, WUR

Witteveen&Bos
Royal Haskoning DHV
ICT Netherlands B.V.
NXFiltration

Nijhuis Industries
Dow Benelux

Shell Global Solutions
GlastuinbouwNL
Swinkel Family Brewers
Port of Rotterdam
North Sea Port

KWR Water Research
KnowH,0

Water Alliance

AMS
NWP

Province of Brabant
Province of Zeeland
Province South-Holland
Municipality Terneuzen

Municipality Amsterdam

Ministery of I&W
Dutch Embassy Chile

Dunea

Vitens

Oasen

Brabant Water
Evides Industriewater

WA Scheldestromen
WA Vechtstromen
WA HHNK

WA Rijn & ljssel

WA Aa en Maas

WA Vallei en Veluwe
STOWA

Table 1. Schematic overview of the program.
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4 Financial planning

4.1 OQOverview of the program budget

AquaConnect is executed as one large project containing a Project Governance work package, 5 scientific work
packages and a work package dedicated to technology demonstration and (inter)national outreach.
Subdivision of the program in financially independent projects is avoided to prevent project segregation and
stimulate integration of all scientific results in integrated solutions for freshwater provision in delta areas
(section 3.7). The Department of Environmental Technology (WUR) is in charge of arranging the project
finances and IP-arrangements, for which an IP-agreement was crafted in consultation with NWO (see

Appendix).
Budget Budget universities Co-funding
WP1. Project Total: € 170.141 In-cash In-kind
Governance** Witteveen&Bos, € 30.000,- Witteveen&Bos, €25.132,-
ICT Netherlands B.V. € 20.000,- ICT Netherlands B.V. € 20.000,-
WP2. Digital Personnel positions: WA Rijn & ljssel € 25.000, - Port of Rotterdam €8240
technologies to -13 PhDs: € 3.108.326 (48 Province of Brabant € 20.000,- WA Rijn & ljssel €25.000, -
identify new months) KWR Water Research € 25.000,- GlastuinbouwNL €24.750
groundwater -1 Postdoc: € 235.705 (36 Royal Haskoning DHV € 30.000,- Swinkel Family Brewers € 6592
resources and months) Shell Global Solutions € 100.000,- Water Alliance € 25.890
determine the impact | - 3 Postdocs: € 348.288 (18 AMS € 75.000,- Province of Brabant €20.000,-
of its extraction. months) Municipality Terneuzen €40.000,- KWR Water Research € 75.000,-
Consumables: €580.000 | WA Vechtstromen €20.000,- Royal Haskoning DHV €50.000,-
WP3. Risk-assessment | Travel abroad: € 114.000 | Vitens € 90.000,- Shell Global Solutions €6180,-
of cyclic water North Sea Port €10.000,- KnowH,0 €20.480
systems that include Universities of Applied WA HHNK € 40.000,- AMS €14.832,-
nature-based Sciences: STOWA € 100.000,- Municipality Terneuzen € 16800,-
treatment and storage | HZ University of Applied Province of Zeeland € 100.000,- WA Vechtstromen €10.300,-
Sciences: € 200.070 (2106 WA Aa en Maas € 20.000,- Vitens €93.137,-
WP4. Chemical and hours) Oasen €50.000,- North Sea Port €9940,-
physical technologies WA Vallei en Veluwe € 20.000,- WA HHNK € 20.000,-
for fit-for-purpose TO2 Institutes: Brabant Water € 25.000,- STOWA €9600,-
water, brine and Deltares: € 150.005 (1579 Dow € 60.000,- Province of Zeeland € 16.000, -
sludge supply hours) Nijhuis Industries € 40.000,- WA Aa en Maas €9340,-
Wageningen Environmental | Evides Industriewater € 60.000,- Oasen €100.000,-
WP5. Freshwater Research: € 150.005 (1579 Province South-Holland € 75.000,- WA Vallei en Veluwe €10.000,-
provision governance hours) Municipality Amsterdam € 50.000,- Brabant Water €6592,-
Dutch Embassy Chile € 8750,- Dow €40.115,-
NXFiltration € 25.000,- Nijhuis Industries € 9940,-
WP6. The digital Dunea € 100.000,- Evides Industriewater € 39.895,-
smart water-grid WA Scheldestromen € 60.000,- NXFiltration €90.950,-
Ministery of 1&W € 100.000,- Dunea €120.510,-
WA Scheldestromen € 25.000,-

WP7. Case-study
demonstration and
(inter)national
outreach

** The NWO budget for the Governance project is limited to 5% of the funding requested from NWO for the entire

program.
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5 Description of the projects/WPs in the

Program
5.1 Project Governance

WP. 1. Project Governance

Project leader: Prof. H. Rijnaarts (WUR)
User committee: The project leaders of the individual projects/WP and user delegations constitute the
user committee of this project.

5.1.1 Program management

The AquaConnect program is led by program leader Prof. H. Rijnaarts, who is supported by a program advisor from
Deltares (Hans van Duijne) and program manager (0.4 FTE). The program management will be responsible for the
overall management of the AquaConnect program in close cooperation with the AquaConnect Management &
Integration Team (AMIT) (Fig. 4). The AMIT is the operational management team of the research and implementation
program, which will closely monitor cooperation between different parties multi discipline scientist, water provision
organizations, technology providers and governmental and industrial end users, involved in AquaConnect. In addition,
the AMIT will oversee all scientific development activities in the WPs 2, 3, 4, 5 and 6 and actively steer towards their
application in the case-study regions in WP. 7 .

The composition and meetings of the ACMT is as follows (Fig. 5):

e  The program leader (PL): Prof. dr. ir. H.H.M. Rijnaarts, program advisor and program manager

e The scientific project leaders from the five scientific WP’s, who are assisted by appointed postdocs

e  The demonstration project leaders from the four case-study regions, who are connected to the research institutes
(HZ, KWR, AMS, Deltares) with support of the consultancy companies W1 &BO and RH DHV.

e e AquaConnect management & integration team (AMIT)
Prof. Rijnaarts

Program manager Workpackage-leaders Utilization Case Managers
WUR

WP2. VElater distribution WP7. Case-study demonstration
modelling and (inter)national outreach

WP3. Risk assessment of

circular water systems ol deen
WP1. Project WP4. Chemical and physical =
technologies for fit-for- oy w =
EQVetnanges purpose water supply % %
Z o
S o3
WP5. Freshwater provision Higher Sandy Sails g
governance az
s
=2
13
WP6. The digital smart Amsterdamregion
water-grid

=
=

Prof. Rijnaarts/WUR Scientific Committee End User Committee
Program advisor H.

Duijne/Delt .
¥an Ditlipe/Deltares Program Advisory Board

Figure 5. Management structure of AquaConnect

Besides the daily management (AMIT), three additional committees will be established:

e The scientific committee (SC), with representatives from the universities involved in WPs 2,3, 4, 5 and 6 and
(optional) international science groups, who will guard scientific excellence of the scientific research performed.

e The demonstration project end user committee (EUC), with representatives from the four case-study areas in The
Netherlands, who will ensure the applicability of the outcomes of the scientific research within the different case-
study regions in The Netherlands.
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e The advisory board (AB), which consists of the representatives of the EUC and SC, the PL and the PM, who will
oversee progress of the individual scientific and demonstration projects and stimulate knowledge dissemination
and technology integration.

5.1.2 Activity planning

Communication. The communication strategy of AquaConnect is aimed at four target audiences: Internal
communication with consortium partners, communication with case related stakeholders, communication with
potential national and international outreach stakeholders and communication with a wider audience. For each of
these groups several communication activities are planned (see also 3.8, points 2 and 4):

Internal Communication. The objective of the internal communication is to achieve active involvement and good
collaboration within the consortium by informing, sharing and discussing planning, activities and results. The activities
include: i) Bimonthly email updates, ii) Discussion board, polls and file share at a Microsoft Teams group to involve the
entire consortium, iii) Workshops (see program activities), iv) Internal interactive website for knowledge sharing
Stakeholders communication. The objective of the case related stakeholders communication is to generate awareness
among the stakeholders about AquaConnect and to understand the visions and wishes of the different stakeholders.
Activities include: i) Quarterly update mail, ii) Launch event per case study to inform and understand perspectives of
stakeholders, iii) Final event per case study to discuss results and future plans.

Outreach communication activities aims at knowledge development and transfer between the AquaConnect case
studies and the national and international outreach projects. Activities planned are: i) Workshops with the outreach
projects to connect outreach projects to scientific research of AquaConnect (organized and hosted by the outreach
team (WP?7)); i) Annual dialogue sessions with AquaConnect case study and international outreach twinning projects.
i) Interactions via limited access website for interactive extended partners; iv) in house workshops of related partners
(NWO-TTW, Min | and W, Min Economic Affairs, STOWA, Water Alliance etc.).

Wider audience communication activities to inform and transfer knowledge. Activities planned: i) Website with
program overview, scientific outputs, case related activities and a bimonthly news item, ii) Kick Off, Mid-term and Final
conference; iii) Developing/implementing a media strategy to popular scientific journals (H20), news on national
television and newspapers, partner newsletters, and selected social media; iv) Orange Knowledge Program of ministry
of economic affairs and Dutch Embassies and RVO and international workshops organized by BLUEDEAL program of
water authorities and drinking water companies; v) Scientific conferences in the various disciplinary areas of the
participating scientific partners.

Monitoring & Evaluation. The monitoring will be done at different levels and for different stakeholder groups. We can
identify the governmental level, the end user level, the application level, the technology providers level, the scientific
excellence level. Each of these levels has its own priorities. We need to come to an understanding how to monitor for
which group. A workshop at the start of the program is planned to come to an agreement and set the criteria, the
milestones, and monitoring schedule. The first end user meeting is used to set up a set of criteria for the monitoring
of the project by the stakeholders from the government, end users, science, technology providers. This meeting takes
place before the PhD’s start their research, to be able to give additional information and boundary conditions to the
PhD’s. This means that we probably cannot satisfy all partners equally. So, there must be a hierarchy in the design of
monitoring elements, which is:

scientific excellence in publications (ca 50-60 publications are foreseen in open access journals and PhD theses);
application of the research in the demonstration projects (four demo’s foreseen in the utilization regions);
integration readiness of the technologies (chemical and digital technologies brought from 2-4 to 5-6 TRL level);
technology application in the demonstration projects (four demo’s foreseen in the utilization regions);

potential success of the demonstration projects in The Netherlands (interviewing four cases stakeholder);
applicability of scientific results and its input to demonstration projects abroad (by consultancies and Water
Alliance)

OV e WNE

For each level, specific criteria (KPI's) will be set during the first-years’ workshops sessions. After setting these criteria,
we need to evaluate during the program how this monitoring process evolves and possibly adapt it. The financial
monitoring is done between the main recipient (WUR) and TTW. The AquaConnect program opts for a centrally
managed financial system. Therefore, the WUR manages the financial distribution to the different partners.

Program activities. The PL’s of the scientific WP’s the PL’s of the cases will define the criteria, impacts, risks and actions
in the demonstration projects in order to enable direct implementation of results in The Netherlands and abroad. The
partner universities will arrange that the PhD students and postdocs will work together at the same location at regular
intervals. PhD students will not only spend time at their “home’ university, but also spend part of their time at the
applied research institutes and the end user premises (with permissions). The activities to connect the scientific WP’s
and demonstration projects are: i) Workshop(s) organized in collaboration with STOWA, the (union of) water
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authorities, Deltares and Stibbe to map what is required, besides research and innovation, in order to put innovations
into practice: define criteria for the design, assessment of benefits/impacts, monitoring, risks and pre-design for
potential demonstration projects; ii) Workshop session(s) with the end users to evaluate, adapt and select from the
pre-designs for the potential demonstration projects; iii) Brainstorm session with the scientific groups to search for the
connection with the potential demonstration projects; iv) Workshop with the technology providers to see where they
can fit in their technology in the projects and discuss additional research to their technology; v) Workshops with the
scientific WP’s and WP on demonstration projects to design a monitoring, risk and adaptation program; vi) A closing
workshop to close the loop and determine a demonstration project for each region; vii) A monitoring session each year
to evaluate the (intermediate) results and adapt.

The general activities are for all the participants in the AquaConnect program: A Kickoff General Assembly at the start
of the program; An annual General Assembly; Workgroup meetings for each work package; A conference at the start,
mid-term and end of the program.

5.1.3 IP position and strategy

AquaConnect will adopt an IP-strategy in which the project management is responsible for drafting the IP arrangements
(NWO ‘Eigen IE&P afspraken’). A concept-description of the IP-arrangements is approved by NWO. The AquaConnect
IP construction consists of 2 IP-domains: an open domain and an IP-restricted domain. It is foreseen that 95% of the
AquaConnect output will fall in the open IP-domain. To protect IP-sensitive technologies of technology-developers, a
restricted IP-domain is crafted, which will be needed for at least WP 4.1 (Chemical treatment technologies) and 6.2.
(Digital Smart Grid Control).

5.1.4 Overview requested budget

I. Program Il. Program Il. Collaboration IV. Implementation V. Monitoring
management* | activities researchers and users and evaluation
Requested €137.141 €7.000 €8.000 €10.000 €5.000
budget
Description | 0.4 FTE Workshops. Field tripsto 4 Update utilisation Midterm
program Many utilization regions plan € 5.000
manager + workshops are *2.000 = € 8000 €5.000
benchfee provided by in- Outreach € 5.000
kind support
users
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5.2 Research work packages

5.2.1 Work package 2: Digital technologies to identify new groundwater
resources and determine the impact of its extraction

WP 2.1. Regional high-resolution integrated groundwater-surface water modelling

Project leader: Prof. Dr. M.F.P. Bierkens, Utrecht University
Co-applicant(s): Dr. G.H.P. Oude Essink, Dr. P. de Louw, Deltares
Requested research positions: 1 PhD, 1 Postdoc; Duration of project: 4.5 years

Scientific description of the WP

We develop case study-specific hyper-resolution and scalable integrated groundwater-surface water models (IGSMs)*2
that allow for the calculation of current and future water supply (including water quality/salinity), water storage
possibilities, the effects of human water use, and the impacts of local and regional applications of chemical and nature-
based technologies to enhance water supply at three case studies: Zuid-Holland, Zeeuws-Vlaanderen and a Sandy Soils
subregion. These models are nested in the coarser-scale National Hydrological Model (LHM fresh-salt?) to be consistent
with national scenarios and are built on schematizations of regional fresh-salt groundwater models (Zuid-Holland,
Zeeuws-Vlaanderen). The models simulate surface water and groundwater flow for individual pilots as well as the
effects of large-scale drivers (e.g., climate change) and many regional local interventions. Specific questions are
answered, such as the effects of brackish groundwater extraction and brine injection (Zuid-Holland) and maximization
of aquifer storage and recovery (Zeeuws-Vlaanderen and Sandy Soils).

Scientific challenge

Technical challenge: 1) models need to be able to seamlessly scale between regional (100m resolution) to local scale
(5-10m resolution); 2) hyper-resolution scalable IGSMs are subject to large computation times. Scientific challenge: 3)
regional-scale combined climate and socio-economic future scenarios are not yet available; 4) the fate of brine when
injected into a heterogenous underground and the effects of brackish groundwater extractions are not well-known
and not represented in current models; 5) model and hydrogeological parameters need to be up- and downscaled
seamlessly.

Contribution to other work packages

The IGSMs take a central role in AquaConnect as they are used as a platform to test regional effectiveness and
robustness of various water extraction, storage, recycling and redistribution strategies (tasks 8/9 below) developed in
WP4. The IGSMs are subsidiary to the case studies (WP7) (through tasks 1-3; 8, 9) and are the basis to develop whole-
system models used for optimal water-grid design in WP6.1 and optimal water-grid operation in WP6.2 (task 4). It also
contributes to the modelling part of the data-model assimilation systems tested in WP2.2. Finally, scenarios evaluated
in the IGSM have to adhere to legal bounds and credible policies investigated in WP5 and provide the physical basis
for evaluating the effects of legal policies and governance arrangements.

Time plan and division of tasks

Activity 4 Months=> | 6| 12 [ 18 [ 24 [ 30 | 36 | 42 | 48

1. Setup of hyper-resolution and scalable IGSMs for 3 case studies (PhD)

2. Provide regional climate & socio-economic scenarios until 2100 (PhD)

3. Provide baseline scenarios exposing current and future gap between
water demand and fresh water supply for the case studies (PD)

4. Use the developed models for sensitivity runs subject to various
interventions (aquifer storage, recycled water injection, etc.) as a basis to
derive fast whole-system models (PhD with staff from 6.1 and 6.2)

5. Perform controlled field tests for two pilot sites: brine injection and
brackish water extraction (PD)

6. Based on 5: local (5-10m scale) modelling of groundwater velocities,
transport and mixing processes at field sites and deriving an effective
parameterization to be used for regional-scale modelling (PD)

7. Include the results of step 6 in the regional-scale models (PhD)

8. Run scenarios per case study, including the established AquaConnect
water-grid. Compare water gaps with the baseline scenarios (PhD)

9. Crash test sustainability of the system under climate extremes (PhD)
10. Writing papers and PhD thesis (PHD and PD)
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Methods

We will employ state-of-the-art model codes for groundwater flow and transport*® to seamlessly scale between
regional and local resolutions. These allow for simultaneous evaluation of nested models of varying resolution in one
model run. Up- and downscaling is achieved by parameterization methods for coarser resolutions than the existing
data® (upscaling) and geostatistical methods for resolutions that are finer (downscaling)®. We will use massive
parallelization techniques developed by our team”® to deal with long simulation times and uncertainty assessments.
We will provide regional climate and socio-economic (land use, GDP, population, water demand) scenarios up to 2100
for the 3 case studies by combining downscaled output from global climate models® with global socio-economic
pathways!®and land use scenarios!'2, To better represent brackish groundwater extraction and brine injection in the
regional models, numerical experiments at existing field pilots will be conducted to understand salinity mixing
processes, the role of heterogeneities and geothermal effects.

Contribution to AquaConnect deliverables
This WP 2.1 significantly contributes to different AquaConnect deliverables as the IGSMs are utilized to test regional
effectiveness and robustness of solutions and to the design of the water grid.

e Case-specific problem analysis. The regional IGSMs are case-specific and, together with the regional scenario
analyses, reveal if and where imminent and future problems of water scarcity occur for the three case studies.

e  Key-technologies. The hyper-resolution and scalable IGSMs contribute to key digital technologies as they are
based on the development of new seamless parameterization methods, efficient parallelization techniques
and high-performance computing for variable-density groundwater modelling.

e Governance instruments. The IGSMs serve as a platform to governance/regulations for evaluating the effects
of legal policies and governance arrangements.

e Integrated case-specific solutions. WP2.1 contributes to case-specific solutions by providing a testbed for the
individual local solutions and establishing smart water-grids containing these solutions.

e  Scalable solutions. The activities in task 8, where solutions are applied and evaluated regionally as part of a
smart water-grid, provides insights in the scalability of solutions.

e International Outreach. Seamless scaling and the developed computational technologies are re-usable in
model platforms used for international consultancy. The insights into the effects of aquifer storage, brine
disposal and brackish groundwater exploitation are extremely beneficial for drinking water strategies in water
scarce countries.

Role of users

Representatives of end users have actively participated in the design of the project. The provinces of Zeeland and Zuid-
Holland and water authority Scheldestromen (WSSS) and drinking water company Dunea are contributing (in
kind/cash) and their stakes are in obtaining instruments to support Water Management Plans for the future. They
participate by delivering data, connecting their modelling instruments where possible and participating in the user
committee. Deltares will support model development by supplying the most recent models, software and datasets, by
knowledge exchange with researchers and by connecting the new insights to the currently used models.

Intellectual property
IP of models, data and methods developed within the project are jointly owned by the consortium as far as they are
parties performing the research or contributing to it in kind/cash. IP is open to all users after the project has finished.

WP 2.2. Management of fresh groundwater resources using data-model integration
Project leader: Prof. Dr. M.F.P. Bierkens, Utrecht University

Co-applicant(s): Dr. G.H.P. Oude Essink, Deltares; Dr. M. Karaoulis, Deltares
Requested research positions: 1 PhD; Duration of project: 4.5 years

Scientific description of the WP

To manage fresh groundwater resources in a more sustainable way, we will develop a data-assimilation methodology
which integrates different (geophysical) monitoring data with 3D variable-density groundwater models. These models
predict the present status of fresh groundwater resources as well as the reaction to future climate and anthropogenic
stresses over different time scales (from intensified groundwater extractions up to a slow sea-level rise) and different
spatial scales (salinization processes like saltwater upconing under a well, up to land-use changes affecting recharge
infiltration rates or lateral saltwater intrusion caused by sea-level rise). The outcome of this WP is a generic ‘early
warning’ toolbox in which operational management of fresh groundwater resources over time is controlled though
combining data-model integration, machine learning and model predictive control concepts.

Scientific challenge

An increase in competing claims for scarce water and peaks in water demand challenges the sustainable management
of fresh groundwater resources, causing hick-ups in the freshwater supply chain and economic damage. Monitoring is
often restricted to a few locations and data collected at a low frequency, while (coarse) variable-density groundwater
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models are typically unable to capture the complex heterogenous nature of the subsurface and to accurately predict
salinization processes. To improve the predictive ability of variable-density groundwater models, field data!*'>need to
be integrated better. The first challenge is to make the models fast and accurate enough to describe different temporal
and spatial scales of saltwater upconing under wells, regional salinization caused by autonomous developments and
climate stresses including sea-level rise and precipitation pattern changes. The next challenge is to automatically
integrate data using data-assimilation methods. The third challenge is to assess appropriate monitoring plans, given
the spatio-temporal characteristics of the salinization processes. The fourth challenge is to develop a framework where
data and model are integrated and to evaluate whether these improved models lead to a better predictive capacity.

Contribution to other work packages

The system is piloted such that outputs and insights of this WP contribute to the case studies in WP7. On longer time
scales, monitoring data will be used to improve modelling within WP2.1, while on shorter time scales, the operational
management is supporting the water-grid in WP6.1 and optimal water-grid operations in WP6.2 (task 4). Applications
of data-assimilation methodologies within pilots also encounters societal, economic and legal impacts, linking to WP5.

Time plan and division of tasks

Activity { Months-> 6 | 12118124 |30 (36| 42] 48

1. Select sites where fresh groundwater resources need better
management; collect data; analyze (legal) extractions practices and
configuration

2. Develop a detailed, yet fast, scalable 3D model for variable-density
groundwater and salt transport

3. Set up a (geophysical) monitoring plan with appropriate spatial and
temporal characteristics

4. Execute the monitoring and calibrate the scalable transient 3D models
5. Set up a toolbox to incorporate monitoring data and model results

6. Use the improved 3D models for prediction purposes

7. Writing papers and PhD thesis

Methods

We propose to apply our monitoring and data-assimilation framework at a drinking water company with a deep fresh
groundwater lens (Dunea). We will use the recently developed parallel code® or the new code* MODFLOW®6. Geo-
electric, electromagnetic as well as fiber-optic methods are considered for monitoring®18. An appropriate framework
is developed for data assimilation of the newly received monitoring data as well as automatic update of the model in
a sequential time-stepping procedure. The supervision team has extensive knowledge on geophysical monitoring
techniques, inversion methods, optimization procedures, and variable-density groundwater modeling.

Contribution to AquaConnect deliverables

e  Key-technologies. A generic toolbox (software and documentation) is provided that includes state-of-the-art
data-assimilation, machine learning and model predictive control concepts, to be used to connect existing
variable-density groundwater models to geophysical monitoring data to setup model predictive control
systems.

e Integrated case specific solutions. This WP directly contributes to this deliverable by sharing hydrogeologic
knowledge, local practical expertise, data and methodologies to achieve optimal model and data conditions.

e International Outreach. The generic toolbox can be used in international projects to design systems around
drinking water extractions and Managed Aquifer Recharge in coastal water scarce regions around the world.

Role of users

Participation of drinking water companies and industry is required to share local (management) expertise on fresh
groundwater resources in a historical perspective. Input from water authorities (WSSS, Delfland) and provinces
(Zeeland, Noord- and Zuid-Holland) is needed for setting the regulations under which fresh groundwater resources can
be manipulated. Drinking water company Dunea and KWR contribute to this research by cooperation with their pilot
brackish groundwater extraction. Deltares will share (geophysical) monitoring techniques of different Technical
Readiness Levels, parallel computer codes® and clipping toolboxes (iMOD-python) to ease the creation of scalable
models.

Intellectual property
IP of models, data and methods developed within the project are jointly owned by the consortium, as far as they are
parties performing the research or contributing to it in kind/cash. IP is open to all users after the project has finished.
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5.2.2 Work package 3: Risk-assessment of cyclic water systems that include

nature-based treatment and storage
WP 3.1 Risk-assessment of re-use in cyclic water systems
Project leader: Prof. A.P. van Wezel, University of Amsterdam
Co-applicant(s): Dr. N. Sutton, Wageningen University; Prof. H. Rijnaarts, Wageningen University
Requested research positions: 1 PhD, 1 Postdoc; Duration of project: 4.5 years

wp 3.2 Improving prediction of micropollutant transformation product formation in
groundwater systems

Project leader: Dr. Nora B. Sutton,
Co-applicant(s): Prof. H. Rijnaarts, Wageningen University; Prof. A.P. van Wezel, University of Amsterdam
Requested research positions: 1 PhD; Duration of project: 4.5 years

Scientific description of the project/WP

Scientific challenges

In order to compensate for water shortages for municipal, industrial or agriculture water uses, multiple available
alternative water sources can be used to replenish and store water!. These nonconventional sources might consist of
municipal or industrial wastewater, brines, stored surface waters, sored precipitation, polder waters, cooling water or
a mix of various alternative waters. For the re-use purpose, information will be required on the risks of contaminants
and possible transformation products (TPs) present in the alternative sources during the re-use to evaluate the risks
and the need to mitigate these risks?. Particular focus is placed on chemicals of emerging concern (CECs), including
pesticides, industrial chemicals, pharmaceuticals, and household chemicals. CECs are currently found in existing
groundwater aquifers used for drinking water production. Closing water cycles by sourcing water for alternative waste
and surface water supplies increases the risk of accumulation of CECs in water cycles. Furthermore, current research
and monitoring of water quality focuses on parent CECs, often neglecting the range of transformation products formed
during biodegradation of CECs in the water cycle.

In this WP, we will study CECs and their TPs, examining their occurrence, fate during re-use, removal during additional
technologies applied and ultimate risks to both workers, consumers and environment. We aim at a systematic
investigation in both laboratory, field and case studies on the behaviour of CECs and TPs. TP formation is particularly
researched in subsurface water storage systems where the variety of redox conditions (electron acceptor availability)
and dissolved organic matter (DOC) affects CEC biodegradation and TP accumulation. Furthermore, we will evaluate
the effects on the ecological system of the water re-use. We will study occurrence and abundance of species and
functions present in non-cyclic and cyclic water systems, and generalize this in an ecological model for water re-use.
In doing so, AquaConnect will contribute to implementation of the recent legislative development such as the EU Water
Re-use regulation, and the creation of good and practical guidelines for end-users, such as drinking water utilities,
industries, agriculture and involved authorities that have to decide on various options for water re-use.

Connection to other workpackages.

The results of this sub-project improve the understanding of risks from CECs in new circular water systems. The
research identifies recalcitrant and problematic CECs and TPs from different water sources and different environmental
conditions and determines ecological and human risks associated with closing water cycles. The results provide
information on water quality, which can be coupled to the water quantity the scenario’s as being developed in WP2.
The identification and risk-assessment of the CECs and their TPs allows the implementation of tailor-made water
treatment technologies within cyclic water systems, which will be developed within WP4.1. The development of these
tailor-made technologies in combination with the risk assessment of the circular water system performed in WPs 3.1,
3.2 and 4.2 functions as input for the physical shape of the smart water grid including fit-for-purpose treatment at the
appropriate location that is determined in WP6. Additionally, the risk assessment performed in this WP sets the legal
boundary conditions for water reuse in cyclic water systems, as will be analysed in WP5. Overall, this sub-project
delivers advanced insights into key water quality parameters, namely OMPs and TPs thereof, in order to support a
clean, circular water cycle.
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Time plan and division of tasks
Table 3.1. Activities for PhD1 and PD at UvA: Risk-assessment of re-use in cyclic water systems. Tasks 1-7 will
be performed by the PhD, tasks 8 and 9 will be performed by a 2 yr PD.

Activity Months - 6 12118 | 24|30 | 36 |42 | 48
1. The fate and risks of CEC in various water re-use situations will be
evaluated based on High Resolution Mass Spectrometry, Next
Generation Sequencing and Effect Based Monitoring analysis

2. Evaluation mitigation options, e.g. how use of alternative sources,
water pre-treatment by advanced and/or nature-based technologies
etc. can lower occurrence of CECs in the re-use cases

3. Identification of most problematic parent compounds which can be
flagged as the chemicals that might hamper current intentions to reach
a more circular use of water

4. Evaluating the common properties that these chemicals have in the
chemical universe

5. Make suggestions how the risk evaluation and scenario’s currently
underpinning the registration and authorization of the chemicals can
be adapted to prevent these chemicals hampering circular economy
being on the market above critical emission volumes

6. Generalization of lessons learned in practical and science-based
guidelines for end-users

7. Prospective regional-scale scenario’s will be run to make water-
dependent uses more fit-for-future under various drought scenario’s
8. Evaluate the effects on the ecological system of the water re-use in
regional water grids

9. Development of ecological model for water re-use

Table 3.2. Activities for PhD2 at WUR: Improving prediction of micropollutant transformation product
formationin  groundwater systems.

Activity 4 Months - 6 |12 |18 |24 |30 | 36 | 42 | 48
1. Selection of priority CECs based on literature review and review of
monitoring data.

2. Selection of priority CECs and TPs in water resources for aquifer
recharge (with WP3.1)

3. Microcosm experiments under different environmental conditions
screening for TP formation and fate

4. Comparison between TPs found in microcosm experiments and
field monitoring data

5. Column experiments to determine influence of shifting redox
conditions and DOC amendment on TP formation, recalcitrance, and
degradation (PhD).

6. Identification of key microbial community using 16S rRNA gene and
whole metagenome sequencing

7. Selection of key conditions for CEC mineralization for
bioremediation technologies

8. Screening field locations for correlations between environmental
conditions and TP formation (with drinking water companies and
water authorities?).

9. Manuscript and thesis writing (PhD).

Methods

In this WP, 2 PhDs and one PD will research CEC and TP fate in circular water systems. The PhD at the WUR is more
technological in focus, utilizing laboratory and field experiments to ascertain the fate of CECs and TPs in subsurface
water storage systems (Table 3.2). Our research approach is based on applying advanced analytical techniques to
degradation experiments in which we simulate groundwater environmental conditions to understand TP formation.
To link biodegradation with microbial community composition and degradation capacity, we will rely on our expertise
and current collaborations in analysing groundwater microbial communities. The PhD and PD at UvA focuses
particularly at developing chemical and biological risk assessment strategies to understand the risks associated with
circular water systems for both humans and the environment (Table 3.1) based on a series of case-studies provided by
AquaConnect stakeholders. To evaluate the effects on the ecological system of the water re-use, we will study
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occurrence and abundance of species and functions present in non-cyclic and cyclic water systems, where we will start
with cases with a clear ecological function. Therefore, we will use the infrastructure that is currently being developed
in both the ARISE and UNLOCK large scientific infrastructure, relying on e-DNA, acoustic, visual and radar signals. WPs
3.1 and 3.2 are executed in close collaboration, ensuring exchange of data, research questions, and methods among
the researchers.

Contribution to AquaConnect deliverables

Sufficient water quality is a key prerequisite for designing robust water cycles. The research in this WP provides key
insight into the fate and transformation of a key class of pollutants, namely CECs, that threaten water quality and thus
form a threat to closed water cycles. As such, this WP significantly contributes to the different AquaConnect
deliverables that were identified in section 3.8 (Fig. y).

Case-specific problem analysis. The identification of key CECs and their TPs in groundwater systems is vital for the
drinking water companies in all 4 different regions that obtain their raw water from groundwater systems and allows
these companies to adjust their current drinking water production strategy (deliverable 1). In addition, the
identification of the CECs and their TPs allows to contribute to proper risk-assessment of current groundwater reuse
initiatives as already initiated by the different drinking water companies and water authorities that participate in
AquaConnect.

Key-technologies. The identification of key CEC and their TPs in cyclic water systems allows the development of key
physical/chemical water treatment technologies that can be incorporated in smart water-grids for their tailor-made
removal of problematic CEC.

Governance instruments. The output of this WPs functions as input to governance/regulations for mitigating risks and
the definition of the operational window and permits for cyclic water systems.

Integrated case-specific solutions. Insights into the transformation of key CECs and their TPs in groundwater systems
is crucial to select water sources for reuse and storage, assessing and mitigating the risks of reuse, and giving input to
governance (deliverable 3). A combination of monitoring, fit-for-purpose water treatment and bioremediation
technologies allows the integration of groundwater systems in the proposed smart water-grids in the different case-
studies (deliverable 4).

Role of users

This project is executed in close collaboration with drinking water companies (Vitens, Dunea, Oasen, Evides, Brabant
Water), KWR Water Research Institute and water authorities (Rijn & ljssel, Vallei & Veluwe, Hoogheemraadschap
Noord-Holland, Scheldestromen, Vechtstromen). We aim to work together with drinking water companies, KWR and
water authorities in steering the selection of priority compounds and translating the results into recommendations for
bioremediation technologies and monitoring approaches, to identify both current risk of CECs and their TPs in their
reuse-schemes (deliverable 1) and provide solutions for their future smart water-grids (deliverable 4). The drinking
water companies and water authorities will support this WP in-kind by facilitating field sampling campaigns to collect
aquifer materials, providing access to existing water monitoring data and supporting sampling of monitoring wells to
assess TP presence.

Intellectual property

All results will be in principle open access for the full consortium (IP domain I). From the research IP on natural removal
and bioremediation approaches (though not likely) may arise for which a Specific IP domain type Ill can be created
during the project when needed.
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5.2.3 Work package 4: Chemical and physical technologies for fit-for-purpose

water, sludge and brine treatment and management

WP 4.1. Fit-for-purpose treatment including brine management

Project leader: Dr. ). Dykstra, Wageningen University

Co-applicant(s): Prof. W. de Vos, University of Twente; Prof H. Rijnaarts, Wageningen University;
Prof. R.G.H. Lammertink, University of Twente

Requested research positions: 2 PhDs, 1 Postdoc; Duration of project: 4.5 years

Scientific description of the project/WP..

A water-treatment combination of nanofiltration (NF) and electrodialysis (ED) will be developed that can be
implemented on a decentralized scale to treat water “fit for purpose”. (Fig. 6). NF will effectively remove organic
micropollutants, colloidal particles, nanoplastics, viruses, bacteria, and divalent cations, whereas the electrodialysis
step can be used to control the effluent salt concentration and ion balance of the treated water (water fit for re-use).
In this WP, two PhD positions are defined to develop this treatment combination (Fig. 6).

PhD 1: new geometries and membrane ! PhD 2: new coatings and process i
' materials for low salt retention ; ' design for selective ion removal :
i nanofiltration (70% UT, 30% WUR) | | (30% UT, 70% WUR) :

Water fit
for use

Nanofiltration

Electrodialysis

| PhD 1 & 2: model | Concentrate Concentrate

i for effective : colloidal particles, (some) multivalent monovalent ions; composition

; process design to | ions, micropollutants matches environmental standards
| treat water fit for i Post-treatment * Injection

! |

use with NF&ED
(RS, | * In close collaboration with the NWO project “Organic micro-pollutant removal from municipal effiuents by

polyelectrolyte multilayer based hollow fiber nanofiltration membranes” (Pl Prof. Wiebe de Vos, University of Twente)
Figure 6: Overview of the workpackage

PhD 1 - New geometries and membrane materials for low salt retention nanofiltration

Traditional membrane technologies such as Reverse Osmosis (RO), remove pollutants but will also remove most of the
ions, leading to the production of a highly saline brine, and a permeate with an undesired low salinity. Moreover, RO
membranes require extensive pre-treatment due to spacer fouling and their low resistance against chemical cleaning.
A very promising alternative is provided by polyelectrolyte multilayer (PEM) based hollow fibre (HF) membranes, that
due to their HF geometry and high chemical stability can be used without pre-treatment®. Moreover, we recently
developed a unique new type of membrane, based on asymmetric PEMs, that allows very efficient removal of
(micro)pollutants (>98%), combined with very low salt retentions (<20% for NaCl)2. These separation properties are
highly desirable as it would allow effective removal of pollutants without producing a saline brine, and without
affecting the ionic balance of the permeate. Still, such properties will only be relevant when the membrane can be
used as effectively as possible. In this project, we aim to change the membrane geometry to an outside-in geometry,
almost doubling the effective membrane surface area without increasing the membrane costs or the module volumes.
This does require active separation layers that have a high mechanical stability, to withstand the abrasion that takes
place on the outside of a hollow fibre. Such stability can be obtained by dense crosslinking, as is done in traditional RO,
or by embedding solid nanoparticles®. Together with a new module design, to further optimize mass transfer in this
novel geometry (for PEM membranes), this membrane will be able to apply its unique separation at the low cost and
high efficiency required for the envisaged large scale applications.

PhD 2 - New membrane coatings and process designs for selective ion removal

For effective water re-use, technologies are required to control the ionic composition to meet the requirements of the
water user. Several technologies are commercially available to reduce the concentration of all ions, which can be
employed to treat, for example, brackish groundwater. In this project, we will focus on the development of
electrodialysis (ED), a desalination technology using an electrical field as the driving force. A large advantage of this
technology is its flexibility, with the exact degree of desalination being controlled by the applied electric driving force,
allowing an effluent with exact “fit for re-use” salinities. Still, it is not just the overall salt concentration that matters,
for many applications, ranging from agriculture to drinking water, the exact ionic composition is crucial. Specific
separations are considered, including the separation between monovalent and divalent ions, and the removal and
recovery of phosphate. In the design of this process, we will focus on the effluent requirements of the desalinated
water, as well as the environmental compatibility of the concentrated stream. Recently, layer-by-layer (LbL)
polyelectrolyte coatings on commercial ion exchange membranes have shown an improved selectivity for monovalent
ions compared to uncoated membranes (5.4 vs. 1.4)*°, These LbL-coatings allow tunable selectivity. In this project, we
aim to explore various LbL-coatings, in close collaboration with PhD 1, to tune selectivity, not only of monovalent over
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divalent ions, but also between various monovalent ions. We aim to develop a toolbox with several membrane
coatings, which are chemically and mechanically stable, and which can be employed for water treatment in ED,
operated in combination with NF. Furthermore, we will expand our current physics-based ED models with a theoretical
description of LbL-coated membranes by using different space-charge models.

Joint research effort in cooperation with PD: user-friendly design model

To propose balanced treatment combinations with NF and ED, a user-friendly computational model will be developed
that proposes for each specific case an optimized decentralized treatment system. This optimized system should meet
the constraints dictated by the water user and the environment (for brine discharge). To that end, the model must use
advanced, physics-based, membrane models to describe multi-component mass transfer across ion exchange and NF
membranes, including the effect of boundary layers. These models exists,, and a theoretical framework to jointly
evaluate NF and ED is also available. PhD 1 and 2 in collaboration with the PD will expand this framework with a physics-
based description of LbL-coated ion-exchange membranes, and with experimental data of performed experiments (in
this collaboration).

Scientific challenges

e  Development of a mechanically stable asymmetric PEM membrane, based on outside-in hollow fibre membranes,
will directly lead to highly efficient water filtration from nearly any source without the creation of a problematic
saline brine (PhD1)

e Coating of ion-selective layers on membranes to achieve selective removal of specific ions in mixtures with
divalent and monovalent ions, and in mixtures with monovalent ions (PhD2)

e Development of a physics-based process model to propose optimal designs including NF and ED steps to meet
specific effluent requirements (PhD 1 and 2)

Methods

Mechanically stable PEM’s (for NF, PhD 1) will be studied on model surfaces (as studied by ellipsometry and AFM), and
membranes (as characterized by water flux, ion and pollutant retention, and effectiveness under prolonged abrasion).
Dedicated support membranes will be produced in a specialized membrane spinning line and potted in in house
designed modules. All required equipment is available at the UT. Transport across coated ion exchange membranes
will be studied in a lab-scale ED system. Furthermore, experiments will be conducted to determine the membrane
resistance, the chemical affinity towards certain ions and the chemical charge. All required equipment is available at
WUR.

Time plan and division of tasks

|6 |12 [18 |24 [30 [36 |42 [as

PhD 1: New geometries and membrane materials for low salt retention nanofiltration

Design mechanically stable separation layer

Development of support membranes
Module design

Operation on larger scales, combined with ED, including
model design
PhD 2: New membrane coatings and process designs for selective ion removal

Coating of functionalized surface groups on ion exchange
membranes

Development of a theoretical model
Operation on larger scales, combined with NF

Connection to other workpackages

The identification of harmful chemicals in cyclic water systems in WP3 will steer the design of the newly developed NF
and ED membranes for tailored removal of these harmful chemicals. The expected removal of harmful chemicals will
determine the feasibility of new water resources identified in WP2 to be used in a regional water grid. Ultimately, our
fit-for-purpose treatment technology will be a key-stone in the complete water-grid, as developed in WP6.

Contribution to AquaConnect deliverables

Case-specific problem analysis. Based on the case studies, we will identify several specific technological challenges to
treat water fit for purpose (with different feed water composition, different user requirements). These examples
require, preferably, differently dimensionalized combinations of NF and ED. Key-technologies. The newly developed
NF and ED membranes with unique separation properties, will allow a highly efficient process that could treat large
water volumes of nearly any source, to produce water free from contaminants at the desired salinity with a strongly
reduced saline brine production. Integrated case-specific solutions. In this WP, we propose an innovative general
treatment method to produce water fit for purpose. Our experimental findings will be integrated in an existing (but
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expandable) model, which allows us to design, depending on the user requirements and the feed water composition,
an effective water treatment system. We will use this model to design specific solutions for each case.

Role of users

Technology developers, such as NX Filtration and Nijhuis Industries, will be closely involved in this project, with active
transfer of knowledge taking place to facilitate quick uptake of this technology in the market and AquaConnect smart
water-grids. The possible end-users of this technology, including the water authorities, drinking water companies etc,
will guide the project by providing the desired separation properties that would be relevant for their applications.

Intellectual property

All results in these workpackages will be shared with partners that assign to that domain during the project, where IP
councillors of NWO-TTW and researchers involved will arrange agreements for transfer and licensing with parties
involved (concerning access to knowledge and financial arrangements). All information generated will be made
publishable after protective arrangements (Patent application, License agreement) have been made, and publication
will be allowed at the latest 6 months after submitting a request for this to the IP domain related parties. (Type Il
domain)

WP 4.2. Managing and engineering quality effects of effluents, brines and sludges for application in soil
and groundwater

Project leader: Prof. dr. ir. Sjoerd E.A.T.M. van der Zee, Wageningen University

Co-applicant(s): Prof. Huub Rijnaarts, Wageningen University; Dr. Xiaomei Yang, Wageningen University; Dr. Nora
Sutton, Wageningen University; Dr. D. Gijsbert Cirkel, KWR Water Research Institute

Requested research positions: 1 PhD; Duration of project: 4.5 years

Scientific description of the work package

Re-use of treated water and brine (up-concentrated nonconventional water that may be brackish/saline or otherwise
contaminated) as irrigation water for food/non-food primary production and the use of residual sludge for soil-
improvement can be a sustainable way to reuse water and related resources, but can potentially result in
environmental and food chain contamination. Both the type of contaminants and adverse consequences are diverse
and concern different environmental compartments, such as plants/crops, soil, surface and groundwater. Accordingly,
re-use of these waters and sludges must consider adverse environmental effects and sustainability, i.e. to set treatment
requirements prior to use. Additionally, the potential beneficial effects of this reuse on water quality and soil fertility
needs to be determined. An integrated sustainability assessment tool for these compartments is unavailable or has a
limited functionality. This WP combines at the side of risks state-of-the-art insights and tools on i) toxicokinetics and
bio-availability/accessibility; ii) biogeochemical interactions of contaminants in soil and water flow and chemical
transport via ; iii) overland flow; iv) leaching into and through saturated groundwater and; v) losses to the atmosphere,
and relates this to various quality standards. On the side of soil quality improvement, carbon capture and
carbon/nutrient ratios to stimulate agro-production will be addressed. To enable a broad range of applicability both
aspects will be addressed in the context of The Netherlands and in the more extreme context of ‘focusing the
sustainability tool’ towards greening marginal lands (e.g. coastal deserts) as occurring in the Middle East. The extreme
case will help to validate the model and make it robust for a wider set of conditions. As the soil properties in the M.E.
are not comparable to those in e.g. The Netherlands dedicated parametrization experiments have to be carried out.

Scientific challenge

The present WP broadens the scope of the sustainability concept of Boekhold (1992)? to a diverser set of contaminants.
The sustainability assessment aims to protect the environment for both short and long term, integrating environmental
compartments as well as the large diversity of contaminants and specific pathways, such as overland flow?. In this WP,
the Framework for Integrated Sustainability Assessment FISA, as extended by Van Der Zee et al. (2014)3 and Magnone
et al. (2019)% is further developed towards compound specific behaviour of contaminants of emerging concern (CEC)
(day care products, veterinary and human pharmaceuticals, endocrine disruptors, pathogens etc) and adsorbing and
degrading substances, such as solvents, hydrocarbons, persistent organic pollutants, and pesticides. Part of the
framework are current environmental standards that represent agricultural yield reduction or crop quality damage,
and soil and groundwater quality standards that are the reference to test sustainability. The envisioned extension of
the concept comprises environmental behavior (mobility, bio-availability/accessibility, persistence and toxicity),
suggestions for standards if not available compilation of sketchy or suggestions for lacking fate parameterization, by
data assimilation. The selection of compounds for experimentation includes soluble cations to enable a proof-of-
principle (Van Der Craats et al., 2020)° for sodicity, and compounds chosen with the end-users group, which consists
of drinking water companies and industries. Synergy is obtained with NWO projects (RUST, SUSPECt, SURFLAT), e.g.
regarding overland flow and the fate of veterinary pharmaceuticals. Numerical modelling with FISA maps the
parameter space (half-life, adsorption affinity/retardation factor affecting mobility, uptake parameter, toxicity) for
major soil types, geohydrological conditions, and land use, to reveal major processes and hazards. Following the
numerical sustainability assessment, the aims is to capture fate and sustainability in simple metrics, figures and tables,
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similar as in the well-known leaching requirement (Richards et al., 1954)° for salinity, and generalizations thereof by
Stofberg et al. (2016)7 and Cornelissen et al. (2019), indicating the potential hazards and benefits of reusing treated
water, brine or sludge.

Contribution to program

The experimental and modelling parts will directly contribute to the needs of a risk and sustainability assessment of
potentially hazardous components in new water resources and sludges used in cyclic water systems and for soil-
improvement. In this program, there are direct links with WP3.1 and 3.2, that will provide fundamental understanding
about the fate of contaminants in cyclic water schemes that needs to be integrated in this the model-tools developed
in this WP. With WPA4.1, a joint appreciation is possible to determine which contaminants should be emphasized in
view of relatively easy to eliminate ones (by treatment). It is envisioned that the insights developed in this WP are used
in the case studies, demonstration cases and in basic understanding at the interface of water quantity and water
quality. The WP provides tools and insights that are crucial for sustainability assessments as required by authorities
and industry in avoiding liability suits. Also, they are expected to become an important tool in the consultancy sector.

Time plan and division of tasks

Activity 4 Months -

1. Parameterisation by data-assimilation and soil-transport experiments
2. Greenhouse experiments to determine effect sludge on soil quality

3. Modelling, extension of FISA and numerical modelling

3. Definition of sustainability indicators

4. Practical tool development, developing simple guidelines/formulae for
practical assessment by laymen

Methods

This WP comprises experimentation in laboratory, greenhouse, and in the field, with a team consisting of Dr. Gijsbert
Cirkel (KWR), Dr. Xiaomei Yang and Dr. Nora Sutton (WUR). Chemical parameterisation is done with laboratory
experiments for sorption behaviour of selected compounds and for soils as selected together with the user-committee.
Mobility of the diverse contaminants is investigated with column experiments in laboratory and greenhouses, and for
some finer textured soil types in the field, in-situ, the latter to check the transferability of various parameters to
undisturbed soils. Persistency studies will involve lab assays following standard (EU Focus) procedures and artificial
soils and, additionally, with the selected real Dutch soils in greenhouse pots and field. To determine plant uptake and
the effect of applying sludge to increase soil fertility and enhance plant growth, plant growth experiments will be
performed in pots in the greenhouse and validated in the field. All infrastructure is available as is the case for licences
to work with pathogens and other licence requirements. Modelling with FISA, is done after extension with new
functionalities (e.g., for passive/active plant uptake; degradation; multicomponent interactions where needed;
volatilization; overland flow). Modelling concerns demonstrating the validity of concepts, identification of needed
improvements, and acquiring understanding of the complex integrated systems.

Contribution to AquaConnect deliverables

This WP will contribute to the AquaConnect deliverables (Fig. 2) by providing insights in the key tools for sustainability
assessment of water, brine and sludge reuse (deliverable C), which are needed for the reuse of these streams when
integrated in contextual solutions for the utilization cases (deliverable D) and demonstrations (deliverable E)

Role of users

This WP will cooperate with various stakeholders to determine the risks and benefits of reusing treated water, brines
and sludges. In the Higher Sandy Soils, Vitens aims to determine the quality effects of recharging aquifers with treated
water and disposing brackish brine, and will provide water quality parameters as input for the envisioned FISA model.
In the province of South-Holland, Oasen and Dunea will provide monitoring data to better understand the impact of
subsurface brine disposal on the subsurface water quality. In Qatar, as part of the international outreach, Shell
participates in the program ‘Greening the Desert’, and wants to determine the long-term potential hazardous effects
and benefits of using treated water and sludge for crop irrigation and soil improvement for food and non-food
production. As such, Shell will function as a bridge between AquaConnect and the ‘Greening the Desert’ program and
supports in translating the results obtained by lab-experiments and modelling towards international application.

Intellectual property

This WP provides open-source information, data, and protocols with a citation clause to NWO (this project). Free use
and no patenting is expected, to enable use in economically challenged environments or countries. Release of all
material to other than project participants will be according to the Consortium Agreement.
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5.2.4 Work package 5: Integrated assessment and societal change

WP5.1. Socio-economic analysis of circular water governance

WP5.2. Legal- and policy assessment for circular water governance

WP5.3. Science-policy interaction, stakeholder involvement and upscaling

Project leader: Prof. D. Huitema, Vrije Universiteit

Co-applicant(s): Dr. H. K. Gilissen, Utrecht University; Dr. T. Terpstra, HZ, Deltares
Requested research positions: 2 PhDs + 1 PD, plus links to ongoing existing PhD projects
Duration of project: 4.5 years

Scientific description of the work package .

Water shortages can cause major societal disruption. To enhance socio-hydrological resilience, it is imperative that
regions start preparing for situations in which freshwater is insufficiently available to serve critical segments of society
and the economy for certain periods of time. Without greater resilience to ever more extreme climatic and hydrological
events, increasing societal and economic risks and damages loom. A step change is needed in the way freshwater is
managed and conserved, including innovative solutions that enhance regional resilience and can be scaled up and
exported to other parts of the world. The development and testing of innovative technologies in the project
AgquaConnect will occur in direct collaboration with stakeholders and end users. This work package comprises an
integrated assessment of financial, economic, legal and political feasibility and the conditions under which upscaling
becomes possible, to ensure critical legal-institutional embedding and societal and policy support. The figure below
presents the approach taken in this project.

L Scientific Context
Scientific challenge

The central question in this work package is: “which socio-
economic, political, legal and policy challenges could arise
when it comes to the development and implementation of
novel water management technologies aimed at enhancing
regional socio-hydrological resilience, why do such challenges
arise, how can these be influenced or navigated, and which
conditions need to be created for local innovations to be
scaled up?” To date, little existing academic work has looked
into the issue of circular water management, and none of the
existing research has paid much attention to legal and
economic considerations underlying the required transitions.
There is an important knowledge gap in existing assessment
procedures that are typically compartmented and conducted

We connect to at least three ongoing academic
debates. In the debate about integrated assessment,
various shifts have occurred in the past decade,
notably an increase in focus on local and regional
experiments, the involvement of stakeholders, and
the facilitation of learning processes based on
multiple problem perceptions — but how to best
organize problem structuring work and connect it to
political decision making is still a practical challenge?.
In the debate about transitions in water
management?, much is now known about the
strategies that actors can apply to affect policy

inisolation instead of in an integrated manner bringing all the
relevant aspects together into a unifying framework.
Separate procedures exist for (strategic) environmental,

change, but further work to unpack the societal
dynamics underpinning barriers3 to such transitions,
and lock-ins that affect them, is urgent as is work on

economic and social impact assessments. None of these are
linked to more qualitative policy, legal and political science
assessment approaches. Thus, scientifically, the challenge is
to connect multiple ongoing debates about integrated
assessment. In this work package we will build on
suggestions made to achieve more integration®’. We will also
connect to ongoing work on transitions in water
management? and institutional change® which investigates
the conditions under which certain innovations can be
realized politically, and has pointed out the important role
that pilots and experiments play in attaining larger scale

the dynamics of upscaling from local experiments
(see for instance Siebenhiiner et al., 20194 about the
NWO funded project ADAPT-LOCKIN). In the
literature about institutional change finally,
institutional change processes have either been
treated has fully endogenous or fully exogenous, with
an urgent need to understand the dynamics between
these impulses®.

changes. We also connect to ongoing work on barriers and

lock-ins in water governance regimes®* which seeks to understand the complex interactions between changes in
technological systems, institutional arrangements and behavioral practices in the water sector. For each of these fields,
our project will draw on leading contributions, and offers an opportunity to make novel contributions toto outstanding
debates. As to the above, empirical studies in the four selected case study areas will be at the heart of this work
package.

Time plan and division of tasks

Two PhD students and one postdoctoral researcher will be appointed in this project. Moreover, an existing PhD at the
HZHZ (co-supervised with UU) will work on the upscaling dynamics from pilot projects in The Netherlands (ongoing
project, related to the work of the VU Postdoc and project 5.3).). Wageningen Environmental Research (dr. Koen
Wetser) will use a significant part of their available time under the project to produce scenarios for the supply and



AquaConnect — Key technologies for safeguarding regional water provision in fresh water stressed deltas

demand of fresh water (which will feed into the work of the VU PhD student in project 5.1). For dissemination and
utilization purposes, Deltares will invest in developing a practitioners’ guide in close cooperation with stakeholders.

WP 5.1. Socio-economic issues

The first PhD student (Project 5.1; VU) will focus on the economic analysis of sustainable circular water governance
systems. Insight will be provided into the costs and benefits of regional freshwater provision under increasingly
extreme events, in particular the economic risks and potential damages from interruptions in freshwater provision
under policy inaction. To this end, a hydro-economic model will be developed that explores the potential net economic
benefits associated with innovative circular water management technologies that help to secure water supply in the
future under different climatic conditions, and a practitioners’ tool to assess the socio-economic impacts of these
technologies. Besides using market-based valuation approaches, also non-market based valuation will be employed to
account for risk behavior and risk aversion under different climate change scenarios and extreme events.

Activity 4 Months - 6|12 |18 | 24 | 30 | 36 42 | 48
1. Development and estimation of damage functions for economic
activities under various scenarios/extreme events

2. Economic valuation of the non-market benefits of freshwater
provision under various scenarios including extreme events

3. Development and operationalization of a hydro-economic model to
assess the economic impacts of extreme events (baseline scenario of
policy inaction) and innovative circular water management measures
(policy intervention scenarios) on the regional economy in case study
areas

4. PhD thesis published (including thesis HZ PhD) |

WP 5.2 Legal and policy issues

The second PhD student (Project 5.2; UU) will focus on the assessment of relevant legal and policy issues. The work
will comprise an integrated analysis and evaluation of current and future legal and policy frameworks (institutional,
instrumental and safeguarding dimensions) at local/regional, national and (if relevant) supranational levels. This
research will be complemented with in-depth empirical studies in the four selected case study areas. On the basis of
comparative analysis, also insights in potential alternative frameworks that have been adopted elsewhere will be used,
paying special attention to the novel technologies that will emerge from the work in AquaConnect. This work will
contribute to the formulation of recommendations for the selected cases specifically, and for the improvement of
existing overarching legal and policy frameworks to foster regional socio-hydrological resilience in general. Results of
WP 5.2 will be used as input for dissemination and utilisation purposes in WP 5.33.

Activity 4 Months - ‘ 6
1. Overview of existing legal and policy arrangements on circular water
management, both at the ‘overarching’ levels (EU, national) and tailored
to the case study areas.

2. Study of legal and policy instruments that can incentivize circular water
management, typology of instruments, and framework for assessment.
3. Study of effective legal and policy instruments in actual use across the
globe with lesson drawing.

4. PhD thesis published

WP 5.3 Science-policy interactions, stakeholder involvement and upscaling

The postdoctoral researcher (Project 5.3; VU) will bring expertise in science-policy interactions, experience in the
organization of co-production with stakeholders, and expertise on the role of experiments and pilots in creating larger
scale societal change. The postdoc will be responsible for the study of upscaling dynamics around circular water
projects, and will play an active role in the organization of workshops and coordination between WP5 and WPs2, 3, 4
and 6. The postdoc will also be responsible for producing hands-on guidance for stakeholders in The Netherlands on
how to view the economic value of circular water governance and how to cope with policy and legal challenges. To
that end, the postdoc will contribute to the development of an integrated assessment tool. To ensure active
collaboration with WP5 and to build on the expertise at Deltares, the postdoc will be based at Deltares for one day per
week. In order to optimize dissemination and utilisation, parallel to the postdoc’s work and that of the involved PhDs,
Deltares will develop a generally applicable practitioners’ guide that will be helpful to stakeholders in developing and
implementing arrangements for circular water governance. This practitioners’ guide will be developed in close
collaboration (co-production) with stakeholders in the four selected cases, and its practical applicability will be
recurrently tested in those cases throughout the course of the project.
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Activity 4 Months > 6|12 |18 | 24|30 |36 |42 | 48

1. Workshop to discuss implications of legal and policy arrangements for
possible technologies, connecting local stakeholder to national lawmakers

2. Two workshops, to discuss damage functions from extreme weather
events for different sectors, and to discuss foreign legal and policy
innovations that could inspire the Dutch situation.

3. Workshop on economic valuation results and potential instruments
with regional stakeholders and national policy makers.

4. In depth study of the political and bureaucratic dynamics that enable
transitions in legal and policy frameworks in relevant regions, also paying
attention to public perceptions.

5. Workshop to discuss draft practical guidance on the integrated
assessment of alternative technologies and the relevant political and
bureaucratic dynamics to attain circular water systems.

7. Guidance document on the integrated assessment of circular regional
water systems and legal, political and bureaucratic dynamics (postdoc VU,
with inputs Phd students UU, HZ and Deltares)

Methods

The methods foreseen to be employed include systematic literature reviews, economic valuation and hydro-economic
modeling, cost-benefit analysis, choice experiments, Qualitative Comparative Analysis (QCA), legal analysis (doctrinal,
empirical and comparative), interviews, and focus groups.

Links to other work packages

WPS5 will closely work together with WPs 2,3, 4 and 6. In terms of the collaboration with WP2 and 3, it is expected that
WPS5, within the framework of the selected cases, will provide for stakeholder involvement and expert advice that
delivers rapid feedback on societal feasibility, methods for and outcomes of integrated assessment of such
technologies, and guidance in the implementation and upscaling of such technologies in and beyond the case study
areas. The postdoc at the VU will be responsible for coordinating the interaction between WP5 and WPs 2, 3 and 6.
There will be a close connection between the WPs, as the research focus in and outcomes of WP5 will be closely
discussed with stakeholders (co-construction).

Contribution to program

The project will identify pathways to transformative institutional change and effective and legitimate regional socio-
hydrological resilience in water governance, identify successful examples of transitions towards circular water
governance elsewhere, identify cost-effective policy instruments that facilitate such a transition, and identify key
drivers, possible barriers and success factors to facilitate the necessary institutional-economic change towards a
sustainable and resilient circular water governance system.

Role of users

WP5 pays specific attention to the situation around brine disposal and brackish water extraction in the province of
South-Holland, the reuse of water in Zeeuws-Vlaanderen, the use of marginal water in the Higher Sandy Regions, and
the intrusion of saline water due to man-made infrastructures in the region of Amsterdam and South Holland. The
work package will closely interact with the other work packages in AquaConnect so as to provide (i) early warning
signals about socio-economic feasibility and broader stakeholder and end-user support challenges, and (ii) insights in
considerations and arguments that might improve the longer-term feasibility and support for innovation in circular
water governance systems. The project is a knowledge co-creation initiative, meaning that the relevant stakeholders
in the mentioned case study areas will be directly and right from the start involved through their membership of an
Advisory Committee to identify the relevant policy questions, direct the research to answer these questions, give
feedback during the project on preliminary findings, suggest opportunities for innovation uptake in The Netherlands,
advise to regulatory societal structures in the international twinning collaborations (especially Qatar, Chili, Vietnam
and Bangladesh, and the water sector BlueDeal Program of international knowledge dissemination (see WP7) and
recommend ways to communicate the findings with other stakeholders and policymakers (e.g. through workshops).

Intellectual property
Data and results of this WP will be in principle open access for the full consortium (IP domain 1)
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5.2.5 Work package 6: The digital smart water-grid

WP 6.1. Robust optimisation of future smart water grids at scale: harnessing heterogeneity of
supply and demand through centralised and decentralised decision systems

Project leader: Dr. E. Abraham, Technical University of Delft

Co-applicant(s): Dr. S. Shariat Torbaghan, Wageningen University; Prof. dr. N. van der Giessen,
Technical University Delft, Prof. dr. H. Rijnaarts, Wageningen University

Requested research positions: 2 PhDs; Duration of project: 4.5 years

Scientific description of the work package

Maintenance and replacement of existing centralized water infrastructure is becoming increasingly expensivel. A
solution is the implementation of resilient and flexible water supply systems at different scales. One of the main
benefits of this approach is that water is delivered at the required quality of the user?, avoiding treatment and transport
costs. The transition to water supply systems which can deliver fit-for-use water requires changes in the existing water
transport infrastructure and addition of new centralized and decentralized infrastructure. This workpackage will
develop a robust decision-support toolbox that can generate reliable long-term water system planning, with no-regrets
principles explicitly embedded. Formulating integrated local water grids as a solvable optimization problem is
necessary but unprecedented. Work on pipe topology and sizing? needs to be extended for integration of water
treatment technologies and transport options. New modelling approaches are needed that reflect the physical
characteristics of water transmission and treatment technologies at the accuracy for realistic long-term planning, while
staying computationally feasible. Decentralized uptake of supply technologies at the local spatial scales is needed to
characterize demand uncertainty for centralized grids, for which seamless integration of scalable agent-based
approaches are required3. Spatial bottom-up clustering of users and parameterizing their demand by downscaled
socio-economic, climate and policy boundaries (from WP2.1) is needed for uncertainty modelling. Tailored methods
that have reasonable computational complexity are needed to perform optimization and sensitivity analysis, and to
make the proposed optimization of water grids applicable in different contexts. Novel methods to incorporate policy
decisions regarding water technologies and transport options within water system planning need to be developed. The
feedback loops between water demands, water availability and policy to deal with these changes need to be explored
through sensitivity analysis.

Connection to other workpackages

The tools created in this work package contribute to the overall AC program by linking to work packages WP2.1, WP4,
and WP6.2/3 . WP6.2, which develops real time control and monitoring tools, can utilise the water grids generated in
this work package to be compared with the performance of current water distribution networks. The tools developed
in WP61 will be a building block of the integrated framework in the redesign of the Higher Sandy Region (WP6.3), and
so useful to other regional water planners and designers. Large water users, water authorities and drinking water
companies can tailor the planning algorithm to generate solutions to other regions.

Time plan and division of tasks
Activity 4 Months->
1. Screening of case studies to identify infrastructure planning problems
2. Set up spatially and temporally detailed model of current water grid
3. Build a networked database of user types and apply, bottom-up,
clustering algorithms to parametrize and aggregate demand patterns
4. Develop future water demand patterns
5. Generate stochastic decentralized decision support for grid expansion
6. Formulate long-term dynamic, water grid expansion planning problems
7. Develop a data-driven scenario generating technique using supply
scenarios (WP2.1), and results in step 5
8. Formulate robust versions of grid expansion problems by combining
stochastic optimisation and scenario reduction approaches
9. Develop framework to investigate the sensitivity of infrastructure to
implementing various regulatory alternatives
10. Writing papers and PhD thesis

Methods

Water users will be clustered by their temporal patterns of water use, water quality requirement, and geographic
location using data-driven approaches and simple process-based models of different water user types (Task 1: Phd1,
PhD2). Post code level open data on water use as well as user consultation, and consumption models will be curated,
screened and validated to generate demand patterns at different temporal and local spatial scales (Task 2: Phd1 and
Phd2). Novel clustering methods for water use by socio-economic parameters* as well as bottom-up aggregation
models, akin to ones for devising local energy demand profiles for renewables integration®, will be developed for a
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regional water demand model (Task 3: PhD1). Machine learning with network-based models will be used to tease out
dependencies between climatic drivers and availability of supply as well as between demand and socio-economic
drivers (Task 4: PhD1). Promising methods for representing likelihoods and preferences of water users to adopt
technologies® will be employed to simulate multitude of scenarios in Monte-Carlo settings, where end-user water
demand is quantified, also producing data for uncertainty characterization in optimization of supply pipe networks.
This analysis will reveal how new technologies, efficiency strategies and decentralized decisions propagate across space
and how temporal patterns of demand change in future® (Task 5: PhD1). Dynamic optimization of centralized
infrastructure expansion over the long run’ will be formulated as a multi-stage stochastic optimization problem? that
considers uncertainties in the system (Task 6: PhD2). Uncertain input parameters will be described probabilistically, for
which computationally tractable discrete version will be derived through scenario generation approaches (Task 7:
PhD2).8 Unique properties of water transport systems will be used to apply a range of problem reformulations to make
them computationally tractable; convex-relaxations®!® and Fortuny-Amat McCarl Linearization techniques!! will be
used (Task 8: PhD2). We will develop analytical or numerical sensitivity analysis frameworks?'? to assess the impact of
different uncertain factors on the development of the water infrastructure in the long-term (Task 9: PhD1 & PhD2).
This workpackage will generate appropriate abstractions for peak demand representation, spatial and temporal
aggregation of demands based on the required level of detail for long-term design optimisation. We will then employ
an Optimisation-Simulation framework, where optimisation is performed with simpler models and performance is
assessed with more detailed simulations with finer diurnal time scales and nonlinear dynamics.

Contribution to AquaConnect deliverables

Case-specific problem analysis. The screening and optimisation of key water supply infrastructure planning in the 4
case-study regions will allow local utilities to match water supply and demand in future, sustainably and cost
effectively. Key-technologies. Novel approaches for characterizing uncertainties in localized supply and demand will
be developed together with mathematical optimization approaches for complex decision making problems. As such,
planning problems regarding design of water transport and storage infrastructure, treatment and
decentralized/localised use and re-use can be answered. Integrated case-specific solutions. For different case studies,
a spatially explicit local water distribution model will be developed to fit within RTC model (part of NHI) defining
regional level infrastructure. With regional infrastructure as boundary conditions on local water availability of different
qualities, local water provision networks will be optimised to meet demand by supply from nonconventional water
sources, to create alternative local water provision grids that will be climate robust, energy efficient, and cost effective.

Role of users

This WP will be executed in close collaboration with drinking water companies and water authorities in all four cases,
where these stakeholders will be involved in the screening of specific water system infrastructure planning cases. These
will be optimised to identify locally relevant and most feasible investments needed to build a more robust water system
of the future. Together with HZ University of Applied Sciences and Deltares, the water authorities and drinking water
companies will support the PhD researchers in-kind by facilitating access to major water users in industry and
agriculture within the region, and already existing data within the NHI framework.

Intellectual property
IP associated with of methods, models and data developed within this WP will be in principle open access for the full
consortium (IP domain 1).

WP 6.2. Real-time monitoring and model predictive control of smart water-grids

Project leader: Prof. Dr. Ir. J.P.M. Voeten Eindhoven University of Technology
Co-applicant(s): Dr. M. Lazar, Eindhoven University of Technology; Dr. D. Goswami, Eindhoven
University of Technology; Prof. dr. P.M.J. van den Hof, Eindhoven University of Technology
Requested research positions: 1 PhD, 1 Postdoc; Duration of project: 4.5 years

Scientific description of the work package

Modern water grids® are currently undergoing a substantial transformation®3#: water supply/demand and operation
of electrical pumps/valves become more dynamic due to harsher weather, limited resources and dynamic electricity
prices with coupling update rates in the order of tens of minutes, needed in piped infrastructure, to those of treatment
plant and water-way infrastructure in the order of hours to days, to those of natural storage systems such as surface
water basins and artificial recharge and dune infiltration systems, in the order weeks and even months. This variation
in dynamics in decentralized local water grids very much resembles (though at different time scales!!) combined
decentralized-centralized power supply systems having diverse and different power and storage capacities (with also
time variances of several orders of magnitude, i.e. from pico-seconds to hours). Hence, grid modeling knowledge is
transferred here from energy to water sector. To this end, WP 6.2 will develop a real-time monitoring and model
predictive (closed-loop) control framework for optimal water-transactions in smart local water grids as envisioned in
AquaConnect. The envisioned Water Embedded Model Predictive Control (WE-MPC) framework (Fig. 7) will compute
the optimal storage distribution in the reservoirs for local water-grids of size in the range of 20x40 km? for meeting
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future water demand connecting the shorter time-scale (tens of minutes), to those of the longer time scales (hours,
weeks, to months) of the non-piped and natural water infrastructure using model-based predictions and online
optimization based on status feedback of the grids (reservoirs capacity).

Modelling at the developer-end Stakeholders: Regional authorities, waterboards and so on Physical water-grids
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Figure 7. Overview of the W ater Embedded Model Predictive Control (WE-MPC) framework

This is an advancement of classical solutions for optimal control of water grids (e.g., www.deltares.nl/en/software),
which use a supervisory centralized control architecture. We will abstract scalable physical water grid models (to deal
with different time scales) from regional and large-scale models to be developed in WPs 2.1-2.2 in order to obtain
realistic models of representative water grids under consideration in the case studies in WP7. An Artificial Intelligence-
based predictive model for future water demand in local smart water grids will also be developed and integrated within
the water network physical model. The combined water grid model has to satisfy boundary conditions, e.g., scarcity,
imposed by regional and national NHI models, co-developed by Deltares. The WE-MPC framework will run on a
backend server with multi-core processing infrastructure (hosted by the stakeholders). A monitoring app for
phones/Tablets will be developed for allowing for human intervention and monitoring. The WE-MPC framework will
enable the AquaConnect stakeholders to adjust their planning continuously to meet local water demands and
boundary constraints.

Connection to other work packages. WP 2.1-2.2, WP 6.1 and WP 6.3 will develop regional and large-scale predictive
models for groundwater, fresh water infrastructure and water demand/supply. This work package will use data and
structure of these models to abstract the scalable MPC-compliance non-linear model shown in Fig. y. To increase data
reliability, high-fidelity models (such as KWR SIMDEUM) and data from the case-studies Zuid-Holland and Zeeuws-
Vlaanderen (WP7) will be used. Integration with the tools for predictive management of fresh water reserves to be
developed in WP 2.2 will be investigated. The WE-MPC framework will also contribute to the economical and societal
aspects to be dealt with in WP 5 by enabling faster balancing of supply and demand in local smart water grids.

Time plan and division of tasks

Activity 4 Months -

1. Design of nonlinear water grids models for predictive control

2. Develop fast optimization solvers for nonlinear MPC.

3. Develop an accurate and scalable Al-based predictive model of future water
demand integrable in the WE-MPC framework

4. Integration with the large-scale data-driven models to be developed in WPs
2.1-2.2, WP 6.1, WP 6.3

5. Efficient implementation of nonlinear MPC

6. Prototype validation of the WE-MPC framework in at least two case studies
7. Real-time water-grid monitoring app

8. Manuscript and thesis writing

Methods We will develop realistic nonlinear models of water grids abstracted from physical modelling and using very
recent data-driven identification methods for physical networks®. Further, data-driven supervised machine learning
techniques will be used to construct intelligent predictive models of water demand compatible with models used by
nonlinear MPC. Efficient nonlinear MPC solvers will be developed using parallelizable branch and bound solvers®,
parallelizable nonlinear MPC designs’ and efficient warm start methods. For real-time embedded implementation of
the above MPC, we will research methods for co-design of numerical solvers and multi-core computing hardware?, as
recently initiated by one of the co-applicants. Fast real-time solvers for nonlinear MPC will be developed by co-design
of fast optimization routines and efficient memory allocation (required for data sharing), communication (required for
data exchange) and computation (over multiple cores in parallel or pipelined) architectures®. Adaptation is required to
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achieve compatibility with existing processing infrastructures in water-grid control schemes!. The company ICT
Netherlands B.V. (ICT-NL) will provide technical expertise for addressing this challenge. The developed software will be
tested in the Robust Water System Zeeuws-Vlaanderen and other available studies.

Contribution to AquaConnect deliverables The proposed WE-MPC framework directly contributes to AquaConnect
ambition of digital technologies for dynamic monitoring, peer-to-peer (producer-to-consumer) water supply and
demand and social inclusive water resource management towards achieving climate-robust water cycles. The WP 6.2
provides insight into feasibility, implementation and effectiveness of the real-time monitoring and closed-loop control
of future smart water grids considering the case-studies. This WP contributes to the different AquaConnect
deliverables as explained next. Case-specific problem analysis: The case-study specific data-driven models of
groundwater, fresh and surface water infrastructure from WP 2.1-2.2 will be used for abstracting MPC specific scalable
and realistic models. This will provide case-study specific water grid models for MPC (deliverable 1). These models will
be used in the WE-MPC toolbox contributing to the digital technology of ambition of AquaConnect (deliverable 2). The
WE-MPC framework will be validated in one or more case studies (deliverable 4). Key-technologies: Development of a
real-time monitoring and model predictive control toolbox for smart water-grids. Governance instruments: The output
of this WP functions as input to the water authorities, drinking water companies, and water users to consider real-time
water-transactions for efficient water resource management. Integrated case-specific solutions: The case-study
specific models will be integrated for the validation of WE-MPC framework (deliverable 1 and 4).

Role of users This project is executed by the PhD and PD (under the supervision of (co-)applicants). ICT-NL has extensive
experience in water industry software and will support the development of the real-time multi-core implementation
and monitoring app (deliverable 2). Deltares will provide knowledge, existing data or models on the connection
between this research and tools such as RTC, NHI models, to develop case-study specific models (deliverable 1).

Intellectual property All results will be in principle open access for the full consortium (IP domain I). There are no
limiting contracts or agreements with third parties. Cited state-of-the-art methods are published and open for usage.

WP. 6.3. Redesign of Higher Sandy Regions towards improved fresh water availability
Project leader: Prof. Dr. Ir. Sjoerd E.A.T.M. van der Zee, Wageningen University
Co-applicant(s): Dr. Perry de Louw (Deltares), Dr. Ir. Ruud Bartholomeus (KWR-Water)
Requested research positions: 1 PhD; Duration of project: 4.5 years

Scientific description of the work package

The higher sandy regions are increasingly confronted with drought in agriculture and nature, due to discrepancy
between precipitation and evapotranspiration demand, and interventions in the past to remove excess water
preventing flooding, use of groundwater for drinking, industry and agriculture and reduced groundwater recharge due
to land use changes (e.g., pine forests planting). sandy regions with a mosaic of intertwined functions with conflicting
water requirements (mainly nature, agriculture, drinking water companies) oppose to optimize for all functions. In this
WP, we develop an instrument with three purposes: (i) provide a methodology for redesign the landscape and water
system and (ii) enable and quantify the integrated dimensioning of such a redesign including innovative measures, (iii)
optimize this redesign. To improve water availability yet avoid periodic flooding or water quality issues, we must be
able to perform fast simulations of real regions to assess impacts and optimize a diversity of integrated measures.
Experiences illustrated that a new design comprises local changes and innovations as underground storage of effluent,
drainage of river water, besides landscape scale measures of regional planning, changes in land use and infrastructure.

Scientific challenges

The challenge is to jointly address the regional structure of rural areas, but particularly of the hydrological organization
(shallow surface water system; deeper geohydrological system). These building blocks of the environment affect each
other with many cross-relations and feedbacks, and a spatial coherence of the water system. Interventions in part of
this environment influence all other parts of it, though with different impact. Despite this awareness, an integrated
quantitative tool is lacking. Partial tools at national scale (NHI)! and regional scale (e.g. MIPWA?, AZURE?) are available,
but too exclusive for the assessment of measures and their effectivity, because measures change the (infrastructural
and landscape) system as well as the hydrological system itself. Hence, the organization and parameterization of the
regional (High Sandy Regions) NHI, MIPWA, or AZURE implementation will change. Intrinsic to this WP, feedbacks and
iterations concern the landscape structure and the hydrological system, but also the need to iterate local and regional
interventions and integrated effects, e.g. between the different scales, as local (e.g. village, nature, wetland, and farm
requirements) and regional interests (water retention and removal) need to be served and conflicts of interests
resolved. Fast simulation tools to quantify effects (water table, groundwater seepage, base & peak flow, ground &
surface water quality) relevant for all water users need to be operated in an integrated way.
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Time Plan and Division of Tasks

Activity 4 Months - 6|12 118124130 36|42 | 48

1. Select two study areas at catchment scale in south and east parts of
the Sandy Soils where the constructed method and tools will be applied,
in close collaboration of stakeholders. Collect (geo)hydrological data,
align models (regional surface & groundwater).

2. Develop a method for redesign of the sandy landscape and water
system optimization

3. Construct fast calculating toolbox which quantify integrated effects
based on existing deterministic models, via impulse-response, meta-
relations or smart modeling techniques.

4. Apply developed method and tools for the two catchment areas.
5. Writing papers and PhD thesis.

Methods

In the Higher Sandy Area, two demonstration regions (south and east) will be selected with the involved stakeholders.
Available data bases of present infrastructure, land use, (geo)hydrology, and cross-boundary influences (e.g.
incoming/outgoing water, produce) is inventoried, using locally implemented groundwater models, tools, data, and
insights of regional authorities, such as water authorities, provinces, nature conservation and agricultural
organisations. This way, a digital twin can be constructed of the regions. For computation, an objective procedure to
iterate between local and regional cause-effect relations is developed. Typically, the system itself changes by
interventions (related with nature targets, distribution and patchiness of land use, target yields or crop, EU Water
Framework Directive, WB21...) and external factors as global change. So local models change and inspiration is needed
how small differences in local conditions are related to different responses. Thus, the continuum in time of moving
from one state to another is connected to current ground truth at different locations. Besides water quantity, also
water quality is addressed, which involves straightforward changes, as introducing water with different chemical
signature into nature reserves, re-use of treated effluent in agriculture, transformations of groundwater composition
but also indirect consequences. Aim of this WP is to provide a scientific tool for integrated assessments by which
stakeholders can determine the impacts of intended interventions. The focus is evaluate how profound and regional
scale changes affect the system and its responses, including the target of improving fresh water availability at times
where needed. Thus, river water that is re-directed during winter and spring towards the higher areas for infiltration
will be one of the interventions to be studied, besides the upscaling of re-use of treated effluents in agriculture. In
combination with WP4, socio-economic and governance issues are brought into consideration.

Contribution to program

This WP integrates digital tools developed in WPs 2.1, 2.2, 6.2 and 6.3, plus tools developed in the context of this WP,
into an instrument for regional planning and design, with a focus on the hydrological behaviour and integrity of the
system. The deliverables of this WP are innovative, focused on practical implementation and use by a large group of
stakeholders at a regional scale. The generic parts of the WP are readily applicable to other regions of the sandy area.

Contribution to AquaConnect deliverables

This WPs provides the necessary tools (deliverable C) for the redesign of the Higher Sandy regions (deliverable D),
which contributes to the identification of problems with current regional water management (deliverable A) and
leads to successful demonstration of new key technologies in the region (deliverable E).

Role of users

Provinces and water authorities have the difficult task to optimize the water system to reconcile wishes of water users
and meet national/ EU rules as NATURE2000 and EU Water Framework Directive. Redesign of the land and water
system requires the involvement of all stakeholders (agriculture, nature conservation, drinking water companies,
industry) and an objective method and quantitative tools to support this process. The need of such a support system
is confirmed by the stakeholders and their involvement in AQUACONNECT (Province of North-Brabant, water
authorities ‘Vallei en Veluwe’, ‘Vechtstromen’, ‘Rijn and ljssel’, ‘Aa en Maas’ and drinking water companies Vitens and
Brabant Water). Stakeholders will be intensively involved in the application of the method and tools in one of the two
study areas, providing data, tools, information and ideas.

Intellectual property
All results will be in principle open access for the full consortium (IP domain 1).
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5.2.6 Work package 7: Case-study demonstration and (inter)national outreach.

WP7A. Demonstration in case study regions, upscaling and international outreach: 7.1. Zeeuws-
Vlaanderen, 7.2. South-Holland, 7.3. Metropolitan Region Amsterdam, 7.4. Higher Sandy Soils, 7.5.
International Cases; 7.6. Integrating smart water-grid solutions for upscaling in NL

Project leader: Prof. dr. Huub Rijnaarts (WUR)
in collaboration with Paul Roeleveld RH DHV and Arjen van Nieuwenhuijzen Witteveen and Bos/AMS

Co-applicant(s): HZ-UaS, Deltares, KWR, WEnR, AMS, WI & BOS, RHDHV, STOWA, All case related to in kind co-
financing partners; Contributions of all academic and institutional partners
Requested research positions: 40 % WUR Management AC plus 40% in kind input of RHDHV and WI&BOS; in kind
contributions of co-financing partners; 10% of time of all PhD researchers and 25% of time of all postdoc

researchers participating in AquaConnect.
Duration of project: 4.5 years

Demonstration of the key technologies developed in AquaConnect in the case-study regions (Zeeuws-Vlaanderen,
South-Holland, Higher Sandy Regions and Amsterdam Metropole Region) is an essential step within the process from
scientific knowledge development to full market application, i.e. the pathway of impact of AquaConnect. The
translation of the scientific outcomes of AquaConnect to scalable solutions applied in the case-study regions is
performed by the research institutes that are already active in the region in ongoing research programs and that have
close connections with the regional stakeholders. They will take a leading role in translating the scientific knowledge
obtained in AquaConnect to region-specific solutions. The foreseen activities are outlined below:

Case study | Zeeuws-Vlaanderen South-Holland Higher Sandy Soils | Amsterdam
regions (WpP7.1) (WP 7.2) Regions Metropolitan
(wp 7.3) Region
(WP 7.4)
Responsible Hz University  of | Deltares KWR | WENnR AMS Institute
research Applied Sciences
institute
Case-study Hans Cappon Esther van Baaren; | Ruud Bartholomeus/ | Arjen van
manager(s) Hans van Duijne; | Koen Wetser; Paul | Nieuwenhuijzen;
Klaasjan Raat Roeleveld Willie van den
Broek
Regional Province of Zeeland Province of South- | Province of North- | AMS, Municipality
Stakeholders Municipality Holland Brabant, Vitens, | Amsterdam
contributing in | Terneuzen Evides, Dunea, Oasen Brabant Water, Hoogheemraadsch
kind Evides Port of Rotterdam, | water authorities | ap Holland
WB Scheldestromen GlastuinbouwNL (Rijn & ljssel, Vallei & | Noorderkwartier
DOW Benelux Veluwe, PWN
North Sea Port Vechtstromen, Aa en
Maas), Swinkels
Brewerey

WORKSHOP and
other actions for
each study
region

Workshops with regional stakeholders will be organised to i) clearly define expected output
from scientific Aquaconnect workpackages as input for regional water provision problems and
mutually communicate the AquaConnect vision of success; ii) Connect AquaConnect
researchers with ongoing pilots in the case-study regions, iii) Guide stakeholders to
implementation of key technologies and governance instruments developed in AquaConnect,
iv) translate the output of scientific workpackages to integrated region-specific solutions for
fresh water provision problems in the form of smart water-grids, v) Identify potential new
locations for demonstration of AquaConnect water-grids in the region. Some of these
workshops will be shared with two or more regions when convenient

Region-specific activities by research institutes

Connecting
AquaConnect to
current research
initiatives in the
region

E4Water?, IMPROVED?

FRESHA4Cs?,

Water

Nexus? TKI Wetlands

HZUO015,

TKIEffluent4Use; Cross
border collaborations

Flanders/VLAKWA

COASTAR®

Lumbricus’
KLIMAP?

TKI “Zicht op elke
Drup”

Water in the Circular
Economy (WiCE)?®

SaltiSolutions

EU project
RainSolutions!®
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Connecting to new and ongoing pilots

PILOT Dow Benelux

PILOT Dunea brackish

PILOTs WaterFabriek

PILOT NEW HEART

Fig7.1.)

cross border water

infiltration based on

subsurface and reuse

Water Reuse and CW water treatment and (WILP) and othersfor | Wervershoof, for
Storage Scaled up re-infiltration in Dune circular and | circular and
Pilots area subsurface  stored | resource oriented
water water treatment
and water
provision
Specific contribution to workpackages to facilitate pathway from output to outcome
PROVIDE: water quality/quantity | Co-supervision Integration of | Data and access to
requirements of (Deltares) of PhDs in | scientific insights of | running pilots in
regional water users WPs 2.1&2 on | the technological | Wervershoof and
toWPs 2, 3,4 and 6; groundwater WPs 2, 3, 4 and 6 to | dune infiltration
suitable locations for modelling and input on | the social context of | PWN for WPs 3, 4,
testing newly model development WP5; support in | 5 and 6; Data on
developed WPs 6.1&2&3; | economic evaluation | A’dam green infra
technologies in WP4 Knowledge exchange | and water valuation | (parks) for alter-
in cooperation with with on freshwater | and use of new | native irrigation
regional stakeholders; | governance (WP5); | technologies
WPS5 with ongoing exchange with WP3,4 | developed smart | SWG4a connecting
research at HZ on of risks for brines and | water grid landscape | water supply for
fresh water economics | sludges and treatment | in HSS industry and dune
in collaboration with technologies infiltration demo
the province and around PILOT
municipality Wervershoof/New
Heart waste water
CO-CREATE: SWG1 Connecting SWG2 Connecting SWG3  connecting | treatment facility
Design of Smart | water supply for water supply for water supply based | and PWN dune
Water Grid | industry, nature and industry (port of on nature based | infiltration PILOT
(SWG) Together | agriculture in Zeeuws Rotterdam), water holding
with WP6 (see | Vlaanderen including horticulture and Dune | capacity in | SWG4b for

alternative water

imports and exports recycling and brackish | of effluents for | sources for
with Belgium Flanders | water treatment in Higher Sandy Soils irrigating
South Holland Amsterdam Parks
during dry
summers
WP 7.5: Inclusion of international cases: lessons learned and knowledge exchange
International Vietham Chili Qatar Bangladesh
Collaborations Management of three | Qoquimbo area | Greening the dessert | Khulna City region;
industrial parks in artificial recharge of | program reusing GTL | Urban water grid
HCMC adopting aquifers to capture | and Doha city | supporting
circular water NWO- spring meltwaters and | effluents (Shell) irrigative
UDW ENTIRE project effluents to sustain dry agriculture; Nuffic
(WUR) season agriculture project
(Deltares) Water2RICE ends
2021 (WUR)

WP 7.6: Integrating smart water-grid solutions for upscaling in NL

Under the lead of RH DHV and WI & BOS and management of AC (WUR), all generated insights and results of WP
7.1-5 will be brought together in Smart Grid Design workshops, to be held at the start of AquaConnect, the end of
the first, the second and third year. In the final year these results will be compiled to an alternative water provision
approach, including governance innovations, and technologies and smart grid infrastructures needed (including
those developed in AquaConnect). Thus, a knowledge and technology package will be created for communicating
how to use alternative water resources, create and operate smart water grids, and how these can be upscaled to
full implementation in the Netherlands. STOWA, Water Boards, Drinking water companies, UvW, Water Alliance,
Min I&W, Provinces, Port organisations, and industries will test the approach as end users.




AquaConnect — Key technologies for safeguarding regional water provision in fresh water stressed deltas

1745 km
Figure 7.1 Example of a smart water grid design for the region Zeeuws Vlaanderen, with the aim to come with similar
but more extended designs for all four case study regions. In this figure one industrial end user (Red dot) is connected
(colored lines) to multiple sources of brackish and fresh water effluents covering a water provision of 5.5 million m3
per year. For all four case regions, such smart grids will be designed for connecting specific demands and supply.

WP7B. Demonstration in case study regions, upscaling and international outreach

Project leader: Hans van Duijne (Deltares) and Dr. Katarzyna Kujawa (WUR)

in collaboration with Paul Roeleveld RH DHV, Arjen van Nieuwenhuijzen Witteveen and Bos/AMS, and under end
responsibility of Huub Rijnaarts (WUR)

Co-applicant(s): WI & BOS, RH DHV, UvW, Water Alliance, partners in BLUEDEAL (waterboards and drinking water
companies), Shell Netherlands, Several Embassies (Chili, Vietham, Bangladesh, Middle East and others); Academic
and institutional partners interested

Requested research positions: 10% of in kind input of RH DHV and WI and BOS; 10 % Management AC plus in
kind contributions of interested co-financing partners; 10% of input of Deltares; In kind input of Shell; BLUEDEAL
program inputs through water boards and drinking water companies.

Duration of project: 4.5 years

Background. International outreach of AquaConnect will be essential to make an impact at a global level. On the
one hand, the program will adopt knowledge-business-governance approaches to disseminate the generated
knowledge into international connections with governments, universities and business opportunities for Dutch
companies. On the other hand, the cases abroad can be used as example for the Dutch setting. The foreign cases
have, in aspects, more extreme boundary conditions and therefore we can learn from those cases. Through existing
and new relations with international partners and end-users involved, we will ensure the sound governance
arrangement in the program. Dutch Embassies in the international outreach countries will play a pivotal role in
identifying users and facilitating discussion to pave the route to impact on mitigating the effect of water scarcity.
Dissemination platform from AquaConnect international twinning. Being delta countries, Chile, Middle East,
Vietnam and Bangladesh, face severe freshwater shortages for agricultural as well as industrial activities. Climate
change and rapid urbanization are pressuring on the available water resources; thus, circular water use can be useful
in coping with the negative impact of climate change. In Chile, Vietnam and Bangladesh basin management plans
and implementation projetcs have been formulated with the support of the Dutch government with ample
opportunities for the Dutch private sector.. The NWO funded ENTIRE project in Vietnam has identified the urban
water reuse potential in the industrial zones of Ho-Chi-Minh city. In Chile the GIRAgua project is being implemented
through the Partners for Water Program and in Qatar Shell want to set up a water management plan connected to
their plant. All these available knowledges can be further investigated through AquaConnect.

Further development of industries, technology-providers, consultancies and Water Boards/Drinking water
Companies. Partnering with different governmental, university, industrial and consultancy companies from the
Netherlands, AquaConnect will investigate the possibility of reuse effluents and recharge of aquifers. An integrated
climate-robust water system combining new potential water sources (WP2), associated risk assessment (WP3) and
new technology for pollutant removal (WP4) will be crucial in upgrading the wastewater and sludge quality making
it safe for agricultural as well for other applications. The digital technology development (WP 2 and 6) is a useful for
the cases abroad. This approach can be used around the globe in the focus countries where industries, technology
providers or BLUEDEAL partners can be involved aiming to provide technological solutions to make surface water,
wastewater or sludge reusable, including consultancy companies to advocate such concepts in global markets.
Planning WP7 A and B, in the creation of deliverables A-F (Figure 2), in conjunction with WP 2-6

Activity & Months - 6|12 |18 |24 )|30|36]| 42| 48

Deliverables A (Fig. 2, problem analyses)

Deliverables B and C (Fig. 2, Governance tools, technologies)

Deliverables D, E and F (Fig. 2, scalable smart grids, upscaling, outreach)
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WP2.2. Management of fresh groundwater resources using data-model integration
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WP3.1. Risk-assessment of reuse in cyclic water systems.
WP3.2. Improving prediction of micropollutant transformation product formation in groundwater systems.
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WP6.1. Robust optimisation of future smart water grids at scale: harnessing heterogeneity of supply and
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WP6.3. Redesign of Higher Sandy Regions towards improved fresh water availability
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WP7. Case-study demonstration and (inter)national outreach
1. www.e4water.eu

2.  www.improvedwater.eu
3.  www.fresh4cs.eu

4. www.waternexus.nl
5
6
7
8

www.tkideltatechnologie.nl/project/hzu01-wetlands-als-voorzuivering-voor-milde-ontzilting
www.coastar.nl
Www.programmalumbricus.nl
https://www.waterforum.net/klimap-project-naar-een-regionale-uitrol-klimaatadaptieve-maatregelen-voor-
hooggelegen-zandgronden/

9. https://www.kwrwater.nl/en/samenwerkingen/collectief-onderzoek-water-circulaire-economie/

10. https://www.rainsolutions.info/

6.2 Abbreviations and acronyms

AC - AquaConnect

CEC — Contaminant of Emerging Concern

WP — Work Package

NHI — Nederlands Hydrologisch Instrumentarium

AMS — Amsterdam Metropolitan Solutions

HHNK — Hoogheemraadschap Hollands Noorderkwartier
NWP — Netherlands Water Partnership

Wi-BO — Witteveen & Bos

RHDHV — Royal Haskoning DHV

WUR — Wageningen University & Research

UVA — University of Amsterdam

VU — Vrije Universiteit

TU/D — Technical University Delft

TU/E — Technical University Eindhoven

UT — University of Twente

UU — University of Utrecht

HZ — Hogeschool Zeeland, University of Applied Sciences
WENR — Wageningen Environmental Research
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6.3 Overview Budget program

Include here a pdf of the “Overview program” from the budget form (Excel)

|This is an overview of the programme. Just add the programme number and title.
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6.4 Letters of support

We received 37 letters of support from the following users:

Companies

Royal Haskoning DHV Vitens Dow Benelux
Witteveen&Bos Oasen Shell

Nijhuis Industrial Technologies Dunea Swinkels

ICT Netherlands B.V. Brabant Water Stibbe
Evides KnowH20 NXFiltration

Knowledge institutes

KWR Water Research Institute

AMS Institute

Other organisations

Ministry of Infrastructure and
Water Management

Water authority Vallei & Veluwe

STOWA

Province of South-Holland

Water authority Rijn & IJssel

North Sea Port

Province of Zeeland

Water authority Vechtstromen

GlastuinbouwNL

Province of North-Brabant

Water authority Scheldestromen

Water Alliance

Municipality of Terneuzen

Water authority Hoogheemraadschap
Holland Noorderkwartier

Port of Rotterdam

Municipality of Amsterdam

Water authority Aa en Maas

Netherlands Water
Partnership
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NS

Wmmﬂ

Dr.ir. Huub Rijnaarts
WW University & Research (WUR)

Subject: Letter of Suppon 1o "KWO TTW Perspectief - P19-45 AgquaConnect™
Amsterdam, July 17* 2020

Dear Huulbs Rijnaarts,

With this letter | declare on behall of Amsterdam Institule of Advanced Metropolitan
Solutions (AMS) our interest in and support for your research proposal
*AguaConnect™ [or the NWO-TTW-Perspectiel lender.

As AMS, we have taken notice of the conditions for the NWO-T'T'W-Perspectief call
nnd have been informed about your application in this call. We are very interested in

participuling in this research programme, focussing on the Dema Fresh Water
Challenges Amsterdam Metropolitan Area and North-Haolland.

AMS Institute works on finding interdisciplinary metropolitan solutions. We are n
public institute with 32 employees, consisting of mainly programme developers,
principal investigators, research fellows, ete. In close collaboration with both public
& private partners and cilizens, we valorise our research in practice, using the city of
Amsterdam as a living lab. In all our research and education activities we work
closely together with o broad network of industry, governmental and sociétal partners
to initiate revolutions in new technologics, rescarch and design methods.

Circularity is one of the main themes within AMS rescarch progmmme. As a circular
wailer demo case study, the urbanivzed North Holland Coastal zone of the Amsterdam
Metropolitan Area is affected more and more by climate change related salty and
brackish water intrusion in to surface water and ground water bodies. Henelry
ecological fresh water values and water sources for urban water supply are
endungered. The sali pressure o the Morth Sea Channel and the coastal waler
sysiems increase severely due 1o increasing sea waler levels and men-made
structures like the upgrading and extension of the Limuiden Ship Locks at the seaport
21 kilometers west of Amsterdam. Each time the locks at Umuiden open, seawater
flows into the Noordzeekanaal (North Sea Channel). In the future the locks will be
even larper after recoastruction and will discharge salty water tn larger flows. The
salty water mixes with the sweet water of the Amsiel delta and the Dsselmeer, and
the brackish water eventually reaches the canals of Amsierdam. Waternel determined

Amsterdam Institute for Kattenburgersiraat 5 T+31 [0} 2066 513 50
Advanced Metropolitan 1018 JA Amsterdam wwnw ams-instituteorg
Salutions affire@ams-institute arg
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the levels of salt and oxygen in the waiter of the canals and the Amstel and 1) river, In
the 1] one liter of water contains about 5.000 milligrams of salt about 1/3 of the salt
content of the North Sea. By keeping fresh water, storm water and upeycled used
witer in the waler system, the brackish water challenge can be solved. This accounts
to cleaned fresh water discharge from (large) used water treatment plants Like
Haarlem, Beverwijk, Zaandam, Amsterdam-West, Amstelveen into the MRA water
system as well as for storm water.

Within metropolitan arcas and regional communities, potable water production
facilities are ulso challenged by more and more brackish feed water from subsoll or
surfisce water. PWN and Waterboard HHNK are already developing even more
innovative closed water systems with a smart combination of chemical-physical
treatment and nature based solutions o creaie circular water solutions. The future
waler system in Amsterdam will develop significantly by these approaches,

The Amsterdam Metropolitan Area with its stakeholders like the Province of Noord-
Hollund, Waternet and Water Authority of Hollands Noosderkwartier as well as the
City of Amsterdam and the municipalities of Velsen, Beverwijk and Zaandam, are
dircotly affected by the upcoming fresh water availability challenges.

For AMS Institute, we foresee participation in AquaConnect as setting a base for a
large program connecting the Circular, Energy and Food programme into & new
integrated program. For the near future, with the rise of the electrification of
sustainable processes, water will be demanded and used by energy providers
(cooling, Hr-energy) and sustainable indusiry users and therefore the water grid will
become connected to the electrical grid. The new food programme of the city of
Amsterdam will focus in particular on local food production and urban green, which
demands and uses water with high quality in extreme conditions (droughts, high
temperatures and the carlier mentioned salinization of surface and ground water).
There is o need to anticipate on these upcoming trends and this AquaConnect
program allows to sctup and create a knowledge & innovation platform and
organises the required expertise to create innovations for the near future,

Jtem or activity {Cost-Jprice or rafe Amourt
Dats and information €103,- per persan per hour | 80
collection and provision
regarding practical
challenges and the
demand from researchers
and designers for de
Do

Participation of €103,- per person per hour | 64 (for the PhD duration)
warkshops for the tool
_'il_nprmrmnﬂ

Amsterdam lnstitute for Kattenburgerstrast 5 T +31(0) 20 66 513 50

Advanced Metropalitan 1018 JA Amsterdam www ams-lnstitute,org
Solutions officef@ams-institute.org
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upplication related to the
Demo

| Total estimated value - £14,832

We will provide an fn-cash contribation of 75,000, euros, inclusive of Duich VAT
ind an dn-kind contribution of 14,832 curos, This amount and, il applicable, the
required additional Dutch VAT will be paid to NWO if the application is granted.

We will support the project with an be-kind comtribution as ilemised in the tnble
nbove, Within the Demo MRA, research into integrated mitigation measures by
applying nature based and technical (chemical) solutions 10 solve the brackish water
Intrusion and effects will be carrhed out for the MRA case. Research activities will be
relnied io the abovementioned developments and focus specifically on circular water
technologies and removal of emerging substances as well as the connection to soclal,

legal and organlzational scceptance and participation for closed waler salutions in
the MRA.

Furthermore, we sinte thal we will sctively participate in the project commities
established after award of the project and that we will comply with the applicable
terms and conditions for participation.

We nre aware of the NWO Grnt Rules nnd obligatory establishment of n project
agreement containing, amongst other issues, 1P arrangements and ns consortium
partner we will share responaibility for a prompt completion of the project
agreement.

Yours sincerely,

Amsterdan Institute for Kattenburgerstraat § T +31 (0) 20 66 513 50
Advanced Metropalitan 1018 JA Amsterdam WWWL AL EH Ut e arg
Serlutlons ol fheeEPams instituteor
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e Waterschap
Aa en Maas

Waterschap Aa en Maas
Pettelaarpark 70
3216 PP ‘s-Hertogenbosch

September 3 | 2020

Dear professor Rijnaarts,

Water board Aa en Maas (WAM) 1s a regional governmental organization of appr. 400
employees that operates in the Southern part of the Netherlands. WAM is responsible for
the complete water management in the region and has a yearly turnover of appr. 100
million euro/yr. The main tasks are waste water treatment, water level management for
agriculture and management and maintenance of the dikes. Because of these
responsibalities, the aim of this project 1s highly relevant to us. In addition to our daily
work for drought control, we recently started the imitiative of The Water Factory, together
with the Energy and Resource Factory (www efgf nl/english). An ambition, and a
technological concept, for reusing the treated waste water from our

wwips for industries and agriculture. A complex process, as we seem to run into different
kinds of obstacles like water quality, safety- and governance issues. We expect that
AQUACONNECT will help us solve these 1ssues, or at least provide us with more
insights on these topics. We also expect that it will raise awareness on the urgency of
water reuse in our region.

AquaConnect provides solutions for regional water provision problems by developing

integrated smart water-grids based on innovative digital and chemical technologies that

enable circular approaches for fit-for-purpose and on-demand fresh water supply based on

currently unexploited water resources. Demonstration of these smart water-grids will occur

in different regions of The Netherlands, and 15 accompanied by a scientific assessment of

the financial. economic, legal and political conditions the allow full-scale implementation

of the smart water-grnid. Waterschap Aa en Maas acknowledges the importance of finding

solutions for regional water provision problems and commats itself to the research

performed i AquaConnect with an in-kind contribution of € 9,340 and an in-cash

contribution of € 20.000. The in-kind contnibution consists of:

A Further defining the scientific research questions in the first phase of Aquaconnect in
collaboration with the AquaConnect PhDD-researchers;

B. Connecting the AquaConnect research with existing pilots, such as the imtiatives of
The Water Factory

C. Identifying suitable locations for future demonstrations of AquaConnect smart water-
grids

D. Facilitating the connection between the wwips and the surface waters
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Description Hours €/hour Total (€]
Innovator 30 103 3.000
Waste water technologist 30 71 2.130
Policymaker / account manager 30 103 3.000
Manager water chain 10 103 1.030

We have read and have been fully informed about the application. We state that we will
actively participate in the User Committee (UC) established and that we will comply with
the applicable terms and conditions for participation.

Furthermore, we are aware that the abovementioned project 15 part of a NWO Domain
TTW Perspectief programme.

Yours sincerely,

Ferdinand Kiestra

Innovation manager waterschap Aa en Maas

Member of the National program team ‘Energy and Resource Factory’
Chairman of the working group Water Factory
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From: Haan, ER, de <er.de.haan@pzh.nl>

Sent: dinsdag 1 september 2020 09:39

To: Stekelenburg, A. [Anke] <a.stekelenburg@NWO.NL>; Jonge, B. de [Bastiaan] <b.dejonge@nwo.nl>

Cc: Rijnaarts, Huub <huub.rijnaarts@wur.nl>; Hans van Duijne <Hans.vanDuijne@deltares.nl>; Wagner, Thomas <thomas.wagner@wur.nl>; Esther van Baaren
<Esther.vanBaaren@deltares.nl>; Westerhof T.B.M. (Thecla) <tbm.westerhof@zeeland.nl>

Subject: Besluitvormingsprocedure Aquaconnect provincie Zuid-Holland

Beste Anke.

Gisteren heb ik in het portefeuillehoudersoverleg de Letter of Support voor het projectvoorstel Aquaconnect besproken met de verantwoordelijk gedeputeerde Jeannette
Baljeu. Jeannette is akkoord met provinciale deelname aan Aquaconnect door middel van de vast te stellen Letter of Support. Het voorstel wordt nu geagendeerd in het
College van GS van 15 september. Financiéle dekking voor de in de Letter of Support voorgestelde bijdrage van € 75.000 - wordt verkregen uit bestaande middelen op
de begroting. Hetzelfde geldt voor de in de Letter opgenomen uren, deze worden gedekt uit de bestaande vaste formatie binnen de afdeling Water en Groen. M.a.w. de
dekking is geen probleem. De financiéle bijdrage zal t.z.t. door middel van een incidentele of begrotingssubsidie worden verstrekt. Zoals eerder aangegeven is dat een
bevoegdheid van provinciale staten, waar niet van kan worden afgeweken (bepalingen in de Algemene Subsidie Verordening Zuid-Holland).

Intern provincie zet ik nu de formele besluitvormingsprocedure in gang. Deze verloopt via een zogenaamde workflow met advisering van de afdeling financiéle en
juridische zaken. Deze collega’s weten van het voorstel en zijn ook in de voorfase al betrokken

Na vaststelling van de brief op 15 september wordt deze z.s.m. ondertekend door de Commissaris van de Koning en de provinciesecretaris. De (gescande) brief zal ik
daarna meteen mailen naar NWO in afschrift aan het consortium.

Met vriendelijke groet,

Erik de Haan

Provincie Zuid-Holland
Afdeling Water en Groen
M. 06-55449453
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From: Beveren, Patrick van <P.van.Beveren@amsterdam.nl>
Sent: donderdag 3 september 2020 17:26

To: Annemarie van Wezel <a.p.vanwezel@uva.nl>

Cc: Boot, Robert <R.Boot@amsterdam.nl>

Subject: Re: steunbrief - verzoek om e-mail ter bevestiging

Beste Annemarie,
Bij deze bevestig ik onderstaande.
Met vriendelijke groet,

Patrick van Beveren
Teammanager

Verstuurd vanaf mijn iPhone
Op 3 sep. 2020 om 16:55 heeft Annemarie van Wezel <a.p.vanwezel@uva.nl> het volgende geschreven:

Hoi Rebert en Patrick,

Zoals afgesproken even teruggegaan naar de penvoerder WUR; We kunnen jullie als partner meenemen als jullie spoedig via een email kunnen bevestigen dat
er 15/9, bij goedkeuring van het MT, er een steunbrief conform format ligt om partner te zijn in AQUACONNECT. In de steunbrief dan ook omschrijving van
inhoud inbreng zoals cash cofin van 50ke gedurende programma periode, en in-kind via datadeling en inbreng casuistiek.

Vriendelijke groet, Annemarie
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Letter of support

To: prol, dr. ir. HHM. Rijnaarts
Wageningen University & Research
Department Envirenmental Technology
Postbus 17

G700 A& Wageningen

Subject: Support letter For the research project Aguaconnect — P19-45
Dear professor Rijnaarts,

Hereby 1 declare that we intend to support the NWO-TTW Perspectief project P19-45
AQUACONNECT - Climate robust water provision and management for delta regions as
described on www.nwao.nlfen/research-and-results/programmes/ttw/ perspectheff 2019-2020-
pl9-45.heml

Introduction of supporting Partner
As Oasen, we have been informed about your application in this call from NWO domain TTW.

035 en We are very interested In participating in the project.

Jasen NV is one out of 10 drinking water utilities in the Netherlands. The core business is the
production and distribution of drinking water (47 Mm?/year} In the province of South-Holland,

7 septambar F030 the Metherlands, Dasen NV produces drinking water for 780,000 people and 7,200
s sk organisations. Water guality is the maln prigrity, therefore Oasen NV invests continuously in
WM by 20020-09- 02 the treatment plants, based on membrane filtration, the distribution network and its

knowledge, The main drinking water source is (Infilbrated) river Lek water (B0%). Qasen NV is

a public owned company. The company employs 250 stalf and has a yearly turnover of €70
million,

We are interested in participation in the project because as a Water Supply Company we have
a growing need lor drinking water. Although we prefer sweet river bank filbrate water as our
source, which is the best quality available, for the long term we see the necessity to investigate
alternative sources like seepage water, brackish water or other sources,

These sources can be treated with membrane technolegies that enable boeth strategic and
operational management of water resources, Brackish water can be found all over our supply
area, dose to the custorners, One particular Interesting pllot project is the use of brackish
ground water from beneath a deep polder and along the Old Rhine, which is investigated in the
current Coastar project. The resulting theoretical hydrological, technical and cost evaluation of
this project will end up in a decision about the continuation of this research with a Pilot-
installation, aiming at a brackish groundwater extraction, R.O. filtration and re-injecting of the
concentrate at large depths. Espedally the re-injection of cencentrate at large depths needs

P a—— research on the scaling and crystallization of the supersaturated concentrate, the possibility of

T well clquln? and the juridical and legal part of this solution with respect to the Water Frame

Postbus 122 Work Directive,

2B00 AL Gouoda

TO182 52 33 11

weAw. oasan,nl

KvK 290 1063%
BTW D0138507% BOL
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3 september 2020

Ons kenmerk:
WMRTm 2 DE -0l - 16

Solutions provided will enable Oasen NV, responsible for drinking water quantity and gquality in
our reglan, to safeguard and controd drinkimg water avaliability both on the long term. As such,
the outcomes of the project are very relevant to us and will be taken into account for future
investment

decisions.

Interast in AquaConnect research

Oasen NV has special interest in the work packages:

Workpackage 2 - Digital technologies to identify new groundwater resources and
determine the impact of its extraction.

WP2.1. Regional high-resolution integrated groundwater-surface water modelling (FI:
Prof. Dr. M. Blerkens, UU, 1 PhD & 1PD). Hyper-resolution and scalable coupled groundwater-
surface water modeis will be developed that allow for calculation of current and future water
supply, storage possibilities, the effects of human water use and the impact of local and regional
application of chemical technologies to enhance water supply and water quality

Workpackage 3 — Risk assessment of cyclic water systems that include nature-based
treatment and storage.

WP3.1. Risk assessment of reuse in cyclic water systems (PI: Prof. Dr. A. van Wezel, UvA,
1 PhD & 1 PD). A risk-assessment strategy to determine harmful chemicals in cyclic water
systems will be developed by combining analytical chemical, molecular and biologlcal toots, which
provides guality targets for water treatment technologles,

Workpackage 4 - Chemical and physical technologies for fit-for-purpose water supply.
WP4.2. Managing and engineering quality effects of effluents, brines and sludges for
application In soil and groundwater (P1: Prof. 5. van der Zee, WUR, 1 PhD). A framework
for integrated sustainability assessment of the effect of infiltrating treated effluents and sludges
to soils to enhance crop production, and brines to saline aguifers, to minimize environmental
impact will be developed by modelling and testing different environmental subsurface
compartments.

Workpackage 5 = Freshwater provision governance

5.1. Integrated assessment of financial, economic, legal and political conditions that
allow regional key technolegy implementation (Fl: Prof. D, Hultema, VU, 2 PhiDs). &
scientific assessment of socko-economic, political, legal and policy challenges that can either
accelerate or impede the implementation of the key technologies developed within WPs 2 & 3 in
a regional smart water-grid

5.2. Water system policy & design tool (PI: Prof. D. Huterma, VU, 1 PD in combination with
Deltares, KWR, HZ & WEnR}. Design of an integrated assessment tool for stakeholders that allows
an institutional change in fresh water governance,

Workpackage 7 - Case-study demonstration. The applied knowledge institute researchers
ensure inciuskon of sclentific findings of WP 2, 3 and 4 into demonstration and application In
direct Interaction with case-related stakeholders in Zeeuws-Viaanderen, MRA, Zuld-Holland and
the Higher Sandy Soils. AQUACONNELCT PhDs will be linked to the {ongoing and planned) lang-
term field scale pilaots and demanstrations, which are executed by the knowledge institutes within
the framework of other research programs, such as COASTAR and Lumbricus (section 3.3), this
way strengthening the sclentific basls for the solutions applied. Each half yvear a one-day case
specily RBD-to-design session will be conducted for each of the 4 cases with the end-users,
stakeholders and scientists from WPL and 2. These RED-to-design workshops result in the logical
and impact-driven implementation of research outcomes to the practical challenges of the
authorities, governmental organizations and industries. Demonstration in the case-studies will
lead te a toslbox of key technologies which can be Implemented in @ smart water-grid that can
also be used in other regions in The Netherlands, and worldwide.

Fagina 2 van 3
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oasen

2 september 2020

s kenmerk:
WMRtm 2020-01-16

Description of support
Financial support
* The cash contribution will be a total of 50.000 Euro excl. VAT for the five year project;
* We estimate an in-kind contribution of 97 hours per year to suppert the PhD's and Post
Docs by developing and realizing a pilot installation for research, delivering data,
information, translation of the output from the research to the benefits of Oasen NV
and active participation in the User Committee. This represents 486 hours with a rate
103 Burc/hour + 50.000 euro in-kind contribution for realizing a pilot equals 100.000

Eura.
Project Description of contribution Cuantity? Linit cost/ Sub-total
Tariff®
WF21 4+ WPIL + |Pilat RD installation induding abstraction and (bring) 1 £50.000 E50.000*
WRAL2 + WP Jinfiltration well
WPL1 + WPFL1 4 |Developing and realisation of a pilot RO installation 286 h £103/h 25,400
W2+ WET induding abstraction and [brine) infiltration well +
pssisting/supervising PhO/Past Docs
WPS In-kind bijdrage 40 hfyear |[103 euro/h [€20.600
Tatal {in-kind contribution) E£100.000

 mn-foury quamtityy’ et
1 Senior efmpioyes, evenyone with on academic education = € 103/ hour; junier employee, everyone with a college
degree (Dutch HBO-opteiding) = € 71 hour.

*On the condition that Oasen will abtaln a permit for the abstraction of water from the aguifer,
for the re-infiltration of the brine into a saline aguifer and the disposal of RO permeale on
surface watear

We have read and have been fully informed about the application. We state that we will actively
participate in the User Committee (LIC) established and that we will comply with the applicable
terms and conditions Tar partlr_'lpﬂt!un.

Furthermore, we are aware that the abovementioned project is part of the NWO Domain TTW
Perspectief programme.

Yours sincerely,

pref. dr. ir. W.5&J, van der Meer
CEOQ

Oasen M.

Pagina 3 van 3
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Dow Benelux B.V.
P.0. Bowx 48

Teleghone: 011367 12 34

September 17 2020

Dear professor Rijnaarts,

Dow Benelux is a subsidiary of The Dow Chemical Company. Dow was founded in 1893 in Midland,
Michigan U5 and employs about 37,000 people globally today. Dow combines the power of
science and technology to passionately innovate what is essential to human progress. The
Company connects chemistry and innovation with the principles of sustainability to help address
many of the world's most challenging problems such as the need for clean water, renewable
energy generation and conservation, and increasing agricultural productivity.

The heart of Dow in the Benelux is in Terneuzen, Zeeuws Viganderan. With its 18 plants and
approximately 1,700 employees Dow Terneuzen is the second largest production location of the
Dow Chemical Company. As the largest employer of Zeeuws Viaanderen, Dow has contributed to
the economic and social success of the reglon for mare than 50 years.

Dow has, in its location in Terneuzen, developed together with the regional partners Evides
Industriewater and Water Board Scheldestromen expertise in the reuse of treated wastewater
from both municipal and Industrial sources, achieving a high level of process integration for Dow's
facilities In Terneuzen.

Dow eperates world scale chemical facilities around the globe and is increasingly facing fresh
water availability issues. In these areas, where urban, industry and rural areas ‘compete’ for fresh
water, cascading water applications based on a fit-for-use purification enable multiple cross-
sectional reuse,

Dow Benelux BY has participated in the preceding project, the STW Perspectief program WATER
MEXLIS, and strives to be a partner in the proposed project AguaConnect,

The Water NEXUS project created the basis for an overarching vision on new concepts In water
utilization and unit operations on a regional scale, allowing an optimum water distribution based
an bath availabifity, guality and demand.

Dow supports the long term reach in strategic fresh water sourcing as outlined by the
AguaConnect project since even medium term future developments are hard to predict. Although
Dow will make an effort te increase downstream water loop closure and water conservation (at
the chemical site), Dow will remain dependent on external frash water supply.

- CELR LT 1812 sk of Comemce BA108547
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several factors, of which its size and impact is yet uncertain, have to be managed on a broader
and more comprehensive manner than they are today — among these are climate change
consequences (salinization, weather extremes), infrastructure and economic development
[Mieuwe Sluis, Westelijke Kanaaloever, Flanders), the raw material and energy transition towards
a fossil free economy (changing water demand and usage patterns), increasing competition
towards fresh water avallability (Kansalzone, Zesuws-Viaanderen, Flanders). Regional cross-
horder water basin modeling and scenario bullding will be crucial to identify the best approach,
which may be anywhere between or a combination of combatting impact and adapting to change.
As considerable investments and long term regional vitality are at stake, a science {and good
practice) based program broadly supported by reglonal stakeholders is highly supported to make
the necessary steps into the future.

In this project Dow will perform the following actions:

- Dow is an active member of the regional initiative Robust Water system Zeeuws-Viaanderen,
coordinated by the province of Zeeland — within this partnership partners from multiple
sectors have cormnmitted themselves te actively support the development of a robust future-
proof water system = Dow s supporting this initiative with a cash commitment of 15 KEfy and
10 K&y as in-kind for the duration of the project.

- Dow will provide expertise in water reuse from multiple sources in various industrial
applications, including the definition of process eritical parameters for certain applications.
Both personnel from Dow Benelux and those from the Environmental Technology Center will
he participating in this project.

Dow will facilitate the modelling of 2 regional implementation associated with the lfocal
Infrastructure including green infrastructure and regional water streams, These activities will
oeeur in close eooperation with AguaConnect project partners.,

Category Activity Description Mumber Costprice/ Total Percentage
thours]  kariff (E/h) attributed to
the project
MSc/PhD I Attending project meetings 64 103 6592  100%
employees
Attending workshops 32 103 3296 100%:
Providing Expertise Input 192 103 19776  100%
BSc Attending workshops 32 71 2272 100%
employaes
Analytical work to support 144 71 8179 20%
expertise input
Grand Total 40115
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We have read and have been fully informed about the application. We state that we will actively
participate in the User Committee (UC) established and that we will comply with the applicable
terms and conditions for participation.

Furthermore, we are aware that the abovementioned project is part of a NOW Domain TTW
Perspectief programme.

Anton G. van Beek
President
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Wageningen University Research Sub-dept of Enviran
Mental Technology

Mr. Prof drir. HHM_ Rijnaart

P.O. Box 17

6700 AA WAGEMINGEN

3 september 2020
Support levier fior the research project Aquaconnect P19-45
B125220

Silvia van der Yoort, s.voort@dunea.ni

Daar Mr. Rijnaart,

Hereby | declare that we intend o support the NWO-TTW Perspectief project Fig-45 AQUACONNECT -
Climate robust water provision and management for delta megions as described on
www.nwo.nl/en | research-and-results/programemes toe/ perspectiel | 2015-2020-p15-45.html

Introduction of supporting Partner

Dunea is a public water company which supplies drinking water to the cities of The Hague, Leiden,
Zostermeer and surrounding munricipalities. We expect to grow from 1.3 million customers to date to 1.5
miblion customers in the year 2040, As our water resources (the rivers Meuse and Rhine) are under
Increasing stress due to chemical spills and cimate change (e.g. low river flows, salinization), Dunea aims
to aipand its resources portfolic in order to ensure future water supply. For that reason, we are currently
exploring new water resources, including unconventional water resources such as brackish groundwater.
Climate change will lead to increasing competition for fresh water sources in the Rhine-Meuse delta
Dunea is interested to cooperate with other water users in order to reduce the pressore on the water
system, especially during prolonged periods of drueght. Potential measures which need to be
investigated in AQUACOMNECT include subsoil water storage, use of unconventional water sources and
cascading use of fresh water between different economic sectors (e.g. powsr generation, agriculture,
industryl. in addition, new water purification technologies need 1o be developed or optimired, especially
with regard to the use of uncorventional water resources. This fits well within the multi-sources pordolio
which Dunea is currently developing.

Description of support
Financial support
*  The cash contribution will ba a total of 100.000 Euro incl VAT for the five year project;
& We estimate an in-kind contribution of 1170 hours in total for the research period to suppon and
cooperate with the PhD's and Post Docs. These 1170 hours with a rate of 103 Eure/hour represent
120,510 Euro 4a in-kind contribution.

Dunik MY, HvK-ae, TNEITS
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dunea &

BUIN EWATER

of Unit
cost/ (eura)
Tarif?

WP2.1 Regional high- Pigter Dammars, senior 180 (1 1003 18,540
resolution integrated geohydrologist, will support the [hour/week)

roundwater-surface research.

ater modellin

P22 Management of  [Melchior Polwijk, 1360 (2 103 137,080
fresh groundwater geohydrologist and modeller, |[hours/week)|
resources using data- will cooperate with the
model assimilation and  |researchers.
model predictive control
WP3 Risk assessment of on Knol and Karin lml (1.5 103 27,810
cyclic water systems that  |Lekkerkerker share their wide |[hours
include nature-based expertise on the behavior of  |/week)

reatment and storage nr;lmh: micropollutants during

50
WP4 Chemical and ranca Kramer holdsa PhD in (180 (1 103 18,540
physical technologies for |membrane technology and is  |hours/week)|
fit-for-purpose water ng on purification
supply hnology of a potential new
rce for drinking water, the
lkenburgse Meer. Franca will
the ressarchers,

User Commitiee, Karin Lekkerkerker will 180 1 1103 18540
warkshops, evaluation coordinate the cantribution of  [hour/week)
sessions on research Dunea.
topics, conference
Tllllh'l-m contribution) 120,510

" man-hour quantity/ eic.

15enior employee, everyone with on acodemic education = € 103/ heur; Junlor employes, everyone with o

college degrew (Duich HBO-opieiding) « € 71/ hour.
W have read and have been fully informed about the application.

W state that we will actively participats

in the User Committee (UC) established and that we will comply with the applicable terms and conditions

for participation.

Furthermaore, we are smare that the abovementionsd project is part of the NWO Domaln TTW Perspactief
programma,
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-
e'ildes
industriewater

PO Box 4472
3006 AL Rotterdam

[1-9-2020)
Dear professor Rijnaarts.

Evides Industriewater is serving the industry with water services, like demiwater. industry
water, wastewater treatment and water reuse. The annual amount of water delivered is
around 100 min m?. for example in the Rotterdam harbor area and in the region Zeeuws
Vlaanderen. For Evides Industriewater and for its clients it is essential to have access o
robust and reliable water sources. To ensure availability of water in the future Evides is
developing water reuse applications among other things.

Evides Industriewater wishes to participate in the Aguaconnect proposal because it fits in
the strategy for water availability. The annual contribution will be €15k cash and €10k in
kind for the assumed period of 4 years, The in kind contribution will be executed by process
engineers of our R&D department as follows.

Description Mumber Cost price/tariff Total
lunior process engineer | 250 h 71 17.750
Senior process engineer | 213k 13 22.145

We have read and have been fully informed about the application, We state that we will
actively participate in the User Committee (UC) established and that we will comply with
the applicable terms and conditions for participation.

Furthermore, we are aware that the abovementioned project is part of a NOW Domain
TTW Perspectiefl programme.

Your sincerely

C

4-'/

/an Robert Huisman Director Evides Industriewater
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TN

Glastuinbouw
Nederland

rmaargen groeil vandasg

"}

Wageningen University & Research ]
Department of Environmental Technology
Prof, dr. ir. H.H.M. Rijnaarts

P.0. Box 17

6700 AL Wageningen

Dear professor Rijnaarts,

Glastuinbouw Nederland unites and supports greenhouse horticulture entrepreneurs, with
as its main activities lobbying at national, provincial, and regional governments and creat-
ing innovative programmes for Labour, Energy, Planet Health and Water & Environment for
the benefit of the entrepreneurial network., We represent 70% of the total greenhouse hor-
ticulture acreage in The Metherlands andencourage knowledge development and
knowledge exchange between inspiring entrepreneurs Working on a responsible greenhouse
horticulture industry with optimal entrepreneurs’ conditions for our members is our chal-
lenge. We ensure collective solutions for a responsible; financially healthy, and future-
proof sector. One of the future challenges for the Dutch horticulture 1s the year-round
provision of high-quality water for use in the greenhouses in times of prolonged drought.

AguaConnect provides solutions for regional water provision problems by developing inte-
grated smart water-grids based on innovative digital and chemical technologies that enable
circular approaches for fit-for-purpose and on-demand fresh water supply based on cur-
rently unexploited water resources. Demonstration of these smart water-grids will occur in
different regions of The Netherlands, and is accompanied by a scientific assessment of the
financial, economic, legal and political conditicns the allow full-scale implementation of
the smart water-grid. Glastuminboww Nederland acknowledges the importance of finding s0-
lutions for regional water provision problems and commits itself to the research performed
in AguaConnect with an in-kind contribution of € 24,750, - {(during 4 years). Within the
Dutch horticulture-sector, there have already been many initiatives to develop water-grids
for circular water systems. The in-kind contribution of Glastuinbouw Mederiand is dedi-
cated to connect AquaConnect to these imtiatives and consists of:
= Providing information about ongoing circular water initiatives including state-of-
the-art of currently used water-treatment technologies within the horticulture sec-
tor,
- Providing information about the required water guality for use in the Dutch horti-
Culture, as context for the newly developed water treatment technologies
= Providing information about the water quality after use in the Dutch horticulture,
as context for the newly developed water treatment technologies
= |dentify the possibilities for demonstration of future smart water-grids including key
water treatment technologies developed within AquaConnect in the Dutch horticul-
ture,
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' Glastuinbouw
| Nederland

© O maargEen groeit vandng

- Communicating the progréss and results of the project to the Dutch horticulture
growers, as well as involving growers in the project where necassary,

Description  Number Cost price/ tariff Total
Themespecialist Water | 60 hour/ year 103 euro 8. 180 fyear

Due to time-constraints, it was not possible for Glastuinbouw Mederland to support Agua-
Connect with an in-cash contribution. However, Glastuinbouw Mederland acknowledges the
value of AquaConnect for the Dutch horticulture and intends to provide an in-cash contri-
bution [via Stichting Kennis in je Kas), which will be decided upon in September/October,

We have read and have been fully informed about the application. We state that we will
actively participate in the User Committee (UC) established and that we will comply with
the applicable terms and canditions for participation,

Furthermore, we are aware that the abovementioned project is part of a NWO Domain
TTW Perspectief programme,

Yours sinceraly,

l "_.
4

.

Ing. R.M. Paauwe Msc,
Director

=
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hoaghesmraadschap
Wageningen University & Rassarch Hellands

Prof. dr. ir. H. Rijnaarts Noorderkwartier
Bomse Weilanden 3
E708 WG WAGENINGEN

Date Yowr meferrence Comntactpersan
August 31, 2020 FL.N. Koolen
Case numimer Registration nsmbear Talephone nurmber
HHNK/16003613 20,084 26592 +31725827310
Cubject

Aquaconnect, Final support letter

Dear professor Rijnaarts,

Hereby I declare that we intend to support the MRA Demo Fresh Water Challenges Amsterdam
Metropolitan Area and North-Holland within the NWO-TTW Perspectief project P15-45
AQUACONNECT - Climate robust water provision and management for delta regions as described on
v, mwo.nl/en/research-and-results/ programmes/thw/ perspectief/ 2019-2020-p19-45.html and the
draft proposal as prepared by July 9, 2020,

Introduction of supporting Partner
As a regional water authority, Hocgheemaadschap Hellands Moorderkwartier is 2 government
organisation. As the regional water authority we ensure that:

* Inhabitants hawve dry fest;

*  There is sufficient fresh water;
*  Thers is sufficient clean water;
*  Roads are safe.

Maintenance of the road system is an additicnal task of

Hoogheemraadschap Hollands Noorderkwartier.

Our board is demooratically chosen and we have our own tax system. Our administrative
organization is comparable to a city council. The general management can be likened to the coundil,
the daily management to the aldermen, and the dyks warden to the mayor. Every four years, voters
elect a mew managing board.

Hoogheemraadschap Hollands Noorderkwartier plays a2 central role in everything to do with water in
the region of North Holland above the Morth Sea Canal. In these efforts, we work closely with the
Directorate-Ganeral for Public Works and Water Management (Rijkswaterstaat), the local county
and council, stakeholder organizations, entreprensurs, dtizens, engineers and other specialists,

Hoogheamraadschag T OF2-SE2E282 MLES NWAR 0636 7537 TB
Hollands Moorderkwartier pastihhnk.nl vk AT1E£1516
Poathus 250, 1700 A& Hearhugowaard www. hbinlonl

Sratlorsplein 136, 1703 WC Heerhugowaard
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Raglstratienumemer Fagina
19.2836378 2 van 2
Datum

August 31, 2020

The water authority organizes consultation groups and information meetings to share and discuss
needs, wishes and possibilities.

Description of support

We are interested in particdpation in the project - especially the Demo Fresh Water Challenges
Amsterdam Metropolitan Area and North-Holland - because the integrated approach and focus of the
project - the development of innovative integrated sclutions based on new physical and socistal
connections enabling innovative circular approaches, in line with our strategy to provide clean water
services, human and environmental health and ecological save water bodies, espedally regarding
miicropollutants and nutrients and our ambitions to create droular water solutions.

‘We support the Demao Case Integrated Smart Freshwater on Demand Amsterdam Matropaolitan Area
and North-Holland with in-kind activity and in a cash contribution of a total of € 40,000.

Our specification of the in-kind support of about € 20,000 both hours (number and/or tarff applied)
and materials, are summarized in table format below:

Drescription Mumbe Cost price/tariff Tozal
i
Providing Knowledge of HHMNE acbivities | 40 € 103 € 4,120
Demo's Wervershoof and supply to water
cycle systems Noord Holland
Meetings and workshops 4*3* €103 € 9,888
g8
Report on Demo Circular Water z £ 103 € 2,060
Other meetings and work sessions 40 € 103 €4,120
Total € 20,000

‘We have read and have been fully informed about the application. We state that we will activaly
participate in the User Committes (UC) astablished and that we will comply with the applicable terms
and conditions for participation.

Furthermore, we are aware that the abowvementionad project is part of a NWO Domain TTW
Perspectief programme.

Signed by an authorized signatory

On behalf of the college of dijkgraaf en hoogheemraden (compare with major and alderman},

Signature: ———— —m————— — —————

Mame: E.L. Martha
Function: Head Division knowledge and development
Department Sanitation of the water authority Hoogheemraadschap Hollands Neorderkwartier
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ICT Netherlands B'V.

ICT .

Eopenhagen 9
2993 LL Barendrecht

13 juli 2020
Dear professor Rijnaarts,

ICT Netherlands B.'V. (ICT). a part of the ICT Group, is a system builder for industry-
specific and cross-industry solutions. With a track record spanning more than 40 years,
ICT has both extensive multi-domain expertise and in-depth industry knowledge. In this
way we contribute to a smarter world, in particular in the domains Cities, Industries and
Healthcare. With more than 1400 professionals we help companies to develop further with
smart. innovative, integrated and most of all challenging ICT solutions. Integrating these
strengths into compelling techmological solutions puts ICT in a unigue position to help its
customers make their business processes more efficient. flexible, simple, safe and —as a
result — more sustainable.

ICT is an important contributor to the development of smarter cities. Improving the quality
and performance of urban services 15 a necessity because of ongoing urbanisation and goes
hand in hand with reducing resources and costs. ICT s solutions enable cities to deal with
the complexity of population growth. Cities face increasing challenges in the field of water,
energy, mobility, waste and the environment. These challenges call for smarter cities in
which people, authorities, companies, machines and even products are connected to one
another, exchanging information and inter- acting in real time. The Aquaconnect solution
and the role of ICT in the project is an example of the ICT strategy in smarter cities.

AquaConnect provides solutions for regional water provision problems by developing
integrated smart water-grids based on innovative digital technologies that enable circular
approaches for fit-for-purpose and on-demand fresh water supply based on currently
unexploited water resources. Demonstration of these smart water-grids will occur in
different regions of the Netherlands, and 1s accompanied by a scientific assessment of the
financial, economic, legal and political conditions the allow full-scale implementation of
the smart water-grid. ICT acknowledges the importance of this program and commifs itself
to the research with an in-kind contribution of € 20.000.- and an in-cash contribution of €
20.000.-.

ICT has extensive experience in digital data and software systems for the water industry
and 15 willing to share this expertise and support the development of the operational control
solutions to optimally match demand and supply in smart digital gnids. The in-kind
contribution is dedicated to improving the connection befween the scientific research in the
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field of digital technologies, focusing on the work package "Real-time monitoring and
model predictive control of smart water grids". The in-kind contribution consists oft
- (co)design of the system control architecture, focused on  large-scale data
comnections and data integration, including optimal performance of the monitoring
system to large scale users;
- (co)design of the moniforing app and required system architecture;
- (co)integration of the external water systems to prove actual usability of the system.

See the table below for a specification of the in-kind support:

Description Mumber Cost Total
price/tariff

Senior engineer | I 103 h1/)
architecture
Senior engineer | ] 103 80
design
Senior enginesr | ] 103 65
integration

Obligatory paragraph by NWO:

We have read and have been fully informed about the application. We state that we will
actively participate in the User Committee (UC) established and that we will comply with
the applicable terms and conditions for participation.

Furthermore, we are aware that the abovementioned project is part of a NWO Domain
TTW Perspectief programme.

Martijn Schram,  Business Unit Manager Water & Infra
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KnowHz0

P i

‘Wageningen UR

Prof.dr.ir. Huub H.M. Rijnaarts
Bornse Weilanden g

G708 WG WAGENINGEM

August 7, 2020

Dear Professor Rijnaarts,

Hereby we declare that we intend to support the NWO-TTW Perspective Project 'Pag-45 AQUACOMMNELT
Climate robust water pravision and management for defta regions', as described on

www. nwa.nl/en/research-and-rasults/programmes/ttw/perspectieffzoug-2020-pag-4 5. html and by the
proposal as submitted.

Intreduction of Supporting Partner

KnowHz20 (SME) is an applied research and consultancy company an hydrology, water management, and
water guality. We also provide project management services. Our customers are often water authorities,
provinces and public service bodies in The Metherands and abroad. Cur main projects use desk studies,
field trails, computer simulations, remote sansing, and GIS activities. Thamas are usually related to
agriculture and nature areas, hydrology of the vadose zone, drought and its effects, and to interaction
between soil, groundwater, and surface waters. Because of these activities and related projects, the aim of
this NWO-TTW project is highly relevant to us.

We have been waorking on freshwater supply issues, controlled drainage, sub-irrigation, and water-reuse
for more than eight years, both experimantally and by computer modelling. We have been using surface
water, groundwater, and treated wastewatar from WWTP for agriculture. & complex process, as we seem
ta run into different kinds of obstacles like water quality, crop safety, and governance issues. We expect
that AQUACONNECT will halp us move forward on these issuves, or at least provide us with more insights
on these topics.

Description of Support

AQUACONMECT provides solutions for regicnal water provision prablems by developing integrated smart
water-grids based on innavative digital and chemical technologies that enable circular approachas for fit-
for-purpase and on-demand fresh water supply based on currently unexploited water resaurces.
Demonstration of these smart watar-grids will accur in different regions of The Netherlands, and is
accampanied by a scientific assessment of the financial, economic, legal and political conditions the aliow
full-scale implementation of the smart water-grid.

doi@ireashioond
wwns, ks ol
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KnowH20

WS, FER e e, e

KnowHzC Is interestad in and prapared to commit ourselves to tha AQUACONNECT proposal. KnowHzO
will centributae In-kind. e want to contribute to the Integration of project results and to the translation of
rasults to practical snd intagrated watar managamant practices, usaful in our consultancy sctivitias. Our
in-kind contribution is consists of:

= Provide infarmation for study araas,

= {ontributa to stakeholder redesign landscape workshops.
= Contributa to AQUACONNECT symposia or workshops,
= Link AQUACONMNECT to tha TKI KLIMAP project

= Internal and axtarnsl dissamination of the rasults,

Specification of annual in-kind support by KnowHz20 in hours and cost (€),

Daescription # Hours  Costfhour  Total cost in €

. in€  (excl.20% VAT)
GlS-axpart 16 g5 = 1.520m
Modelling expart 16 95w 1.510m
Sanior Water Managemaent Expart a6 iy0,= 2080,

The project duration is four years. Our total in-kind contribution is therefora € 20.480,= excl. 21% VAT,

Wa have read and have bean fully infarmed about the application. We state that we will activaly
participata in the User Committas (UC) astablishad and that wa will comply with tha applicable tarms and
conditions far participation. Furthermaore, wa are aware that the abovemaentionad project s part of 8 NWO
Cemain TTW Perspectlef Programma.

Bast ragards,

G.AP.H. van den Eartwagh, PhD
Ownar/diractor

,"_/" oo mod i ol

.Jf) " w1l
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{(WR

Universiteit Wageningen [sub dept. ETE)
atgn, prof, dr, ir. H.H.M. Rijnaarts

Groningenhaven 7
Postbus 1072

3430 BB Misuwegein
The Metherlands

P+313060695 11

Postbus 8129 1w kwnwater nl

G700 BV WAGENINGEN

The Metherlands

Subject Support Aqualannect initiative Information

Date 27 luly 2070 Ruud Bartholomeus

Chur reference 2D0TO0ETES ruud barthalomeus@kwrwatar.nl

Cear professor Rijnaarts,

Hereby | declare that we Intend to support the NWO-TTW Perspectief project P19-45 AQUACOMNNECT - Climate
robust water provision and management for delta regions as described on www.nwo.nl/enfresearch-and-
results/programmes/ttw/perspectief/2019-2020-p19-45 . html and the proposal a5 that will be submitted by
September 2020.

Intraduction of KWR

KW Water Research institute (www kwrwater.nl) generates knowledge to enable the water sector to operate
water-wisely in our urbanised society. At KWR, we have a sense of professional and social responsibility for the
guality of water, Qur scientific findings ard the resulting practical innovations contribute, worldwide, toa
sustalnable water provision in the urban water cycle,

'Bridging Science to Practice’ is KWR's matte. Qur researchers wark at the interface of science, business and
society. Their strength lies in their translation of scientific knowledge into applicable, practical solutions for end-
users in the Dutch and international water sectar, We have built a solid reputation as top-level innovation
accelerators and internaticnal netwark builders, and increasingly play a coordinating rale in national and
international collabarations. KWR is an independent entity, with the Dutch and one Flemish water company as its
shareholders,

Description of support

In the past decades, KWR has buiit a solid reputation in developing and implemernting integrated water resources
management and water reuse concepts for drinking water, agriculture and industry, in the Netherands and abroad,
We have developed these solutions in clase cooperation with end-users, in research projects and field pilots, and in
knowledge programs such as COASTAR [www.coastar.nl) and WICE {Water in the Circular Econamy,

https:fwww kwrwater.nifen/samenwerkingen/collectief-onderzoek-water-circulaire-economies), Circular thinking
anvdl integrated soluthons form the basls of these programs, similar to thie AQUACONNECT initiative,

The research done within AQUACONNECT will help us to build a sound scientific basis for technological and nature
based solutions for integrated water rescurces management. We are therefore interested in and will commit
curselves to the AQUACONNECT project. We intend to contribute €£25,000 cashand €75,000 in-kind in men hours,
contributing to case studies, integration of the results, and translating results to our wide network in the water
sector, [n particular, we intend 1o

link the ACQUACOMNMELT project ard its researchers to ongaing and toreseen tield pilots on alternative
water resaurces, water storage and water reuse, within the framework of the COASTAR and 'WiCE
knowledge programs;
e Chamber of Commance
*.1 Lhrech, 33 FI65E

'l.:""" Ak § R Waler Aesearch institute & e Trade
e TR OF KW Waber B Y
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{WR -

- comminicate the scientific autput of AguaConnect with regional stakeholders in the case-study regions
that are described in the AguaConnect proposal;
guide stakeholders In the case-study regions with demaonstration and implementation of the in
AgquaConnect developed technological solutions and decision support toals for operaticnal water

management.
Description Number Cost price/tariff Total
Principal scientist 416 103 4INE
Scientific researcher [senior) 31z 103 INE

We have read and have been fully informed about the application. We state that we will actively participate in the
User Committes (UC) established and that we will comply with the applicable terms and conditions for
participation.

Furthermare, we are aware that the abovementioned project & part of a NWO Domain TTW Perspectief
programme,

Yours sincerely,
KWR Water Research Institute

Prof. [ra Sawic FREng dsart Dijkstra M5c MBA
Chief Executive Dfficer Manager Water Systemns and Technology
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Wageningen UR

nijhuis

att: prof.dr.ir. H. Rijnaarts INDUSTRIES

Bornse Weilanden 9

6708 WG Wageningen

Doetinchem, September 2, 2020

Dear professor Rijnaarts,

Mijhuis Industries delivers “solid solutions in a fluid world® as a response towards @ greensr economy.
Mijhuis is aiming te turn cost centers into profit centers with solutions for sustainable water use and
resource recovery. To accommodate the customer requirerments, Mijhuis offers water and resource
recovery technology to meet today's challenges, as well those of the future, across a wide range of
industries and municipalities in today's “fluid’ world. With more than 2600 references sites and activities
in over 130 countries around the globe, it is our ambition to help customers and deliver solutions to:

»  Reduce the amount of (wastepwater and effluent charges;
* Reuse treated effluent or process water;
s Recover water and resources From vour waste and [waste)water,

For Nijhuis, an important innovation in the field of water technology is the development of advanced
physical-chemical (including electrochemical) methods for water purification, These technologies allow a
significant reduction of the amount of chemicals used for water treatment. Furthermore, combinations
of these technologies (for example nanofiltration and electrodialysis) can be employed to produce water
fit for purpose. The demand for these technologies for (partial) desalination, micropollutant removal and
discoloration is high, not anly in The Metherlands, but also abroad.

AguaConnect provides solutions for regional water provision problems by developing integrated smart
water-grids based on innovative digital and chemical technologies that enable circular approaches for fit-
for-purpose and on-demand fresh water supply based on currently unexploited water resources.
Demonstration of these smart water-grids will accur in different regions of The Netherlands, and is
accompanied by a scientific assessment of the financial, economic, legal and political conditions the allow
full-scale implementation of the smart water-grid,

Mijhuis Industries acknowledges the importance of finding solutions for regional water provision problems
and commits itself to the research performed in AguaConnect with an in-cash contribution of € 40.000, -
and an in-kind contribution of € 9.940,-,
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Nijhuis Industries is particularly interested in the water treatment pilot that is part of work package 4. This
pilot includes a nanofiltration (NF) and electrodialysis (ED] treatment step, and Nijhuis acknowledges the
importance to develop innovative technelogical salutions to cost-effectively treat water streams with low
salt concentrations and low concentrations of organic pollutants. Nijhuls will contribute to this pilot.

Furthermore, Nijhuis is interested in 3 technological and market analysis to compare various treatment
systems (treatment trains), including NF, RO and ED, for (partial) desalination, discoloration and
micropellutant removal. Wageningen University & Research {Environmental Technology group] will
supervise, in collaboration with Nijhuis, M3c student{s) to conduct this analysis.

The in-kind contribution i dedicated to the demonstration of the within AguaConnect developed
innovative nanofiltration / electrodialysis combination to treat water fit-for-purpose in ane of the
AguaConnect case-study regions. The in-kind contribution is specified below,

Description Mumber  Cost price/tariff Tatal

Technical Support  in | 140 bl 99401
development pilot

We have read and have been fully informed about the application. We state that we will actively
participate in the User Committes [UC) established and that we will comply with the applicable terms and
conditions for participation.

Furthermore, we are aware that the abovementioned project is part of a NWO Domain TTW Perspectief
programme,

Yours sincerely,
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~ Letter of Support
North

- Saq
L R

Marth Sea Port Netherlands N
Schelpenpad 2
4531 FO TERMEUZEM

Uw referentie: -

Onze referentie: 0017-2080358280-10581

Contactpersoon: Gerjo Bommalje

E-mail: garjo. bommeka@northseaport. com

Onderwerp: Letter of Support NWO Perspectief AquaCaonnect
Datum: 24 augustus 2020

Dear Professer Rijnearts,

Merth Sea Pert, as 8 port authority, is responsible for the handling of the shipping traffic, construction and maintenance
of port infrastructure and the sustainable development of the port area towards the future. A port ecosystem is
undeniably intertwined with the watersystem. Therefore Morth Ses Port is heavily depending on the services being
provided by the watersystem in order to execute our core tasks

For axampla the waterlevels needed to ensure the accesiblity of the port and (fresh) water a2 a raw material for the
port's businesses and industries are some of our main priorties.

AquaCaonnect aims for developing new scientific concepts for sclutions that can ensure future fresh water provision
Mew key digital and chemical technologies, and innovative water governance approaches are developed that together
form the base to design sieamative fresh water provision grids

Marth Sea Port acknowledges that these innovative water management solutions can make a positve contribution to
the future development of the port while ensuring the current servicelevels of the port. Besides that AquaConnectiz &
perfect example of how to strive for industrial symbicsis, ane of the key points of attention of North Sea Part.

Ve recognize the value and importance of the NWO Perpectief AquaConnect and will endeavour to provide support
and input in relation to our competences, capabilities and availabifity. Therefore we will provide in bath an in-kind of
€2 500y (35h'y, HBO-educated) as well as & cash confribution of £2 500/ to the NWO Perspectief AquaConnect

We have read and have been fully informed about the application. We state that we will actively participate in the User
Committes (UC) astablished and that we will comply with the epplicable terms and conditions for participation.
Furthermore, we are aware that the abovementioned project is part of a NWOC Domain TTW Perspectief programme.

The undersigned, Daan Schalck, in the capacity of CEQ of North Sea Port hereby confirms its support to
AquaConnect,

Daen Schalck
CEDQ

Horihs 3en Pari Metheriends N.Y.
Hiwannumasse 1187 | Behaipanpad 7 4831 PO Tanearen, Mederand | Posfus 157 4830 AD Taman, Medormrm)
IR OB ET 400 | 1 30 0175 04T 50 | KK SETIE | poeiioorthisapod] com | eww norhssegont ohe

1 wan
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Imstitutanweg 35 31 (01850 479 900

NX filtration ik ke - i

Wagenlngen UR

Aft: prof.dr e, H, Rijnaarts
Borras Wellanden 8
6708 WG Wageningan

Concams: support latter AguaConnect

[rata: Enscheda, 3 spatembar 2020

Dear professor Rijnasrts,

NX Filtration [NX) deveiops and produces membranas for treating water and fitering bevernges. NX
spacializes in advanced hollow fibar mambrans modudes for nancfitration, witrafitration, and
microfiftration applications

MNX's rmnoMiration membrane technology is capable of sslectively mmoving crganics from polluled water,
inehuding rmicropaliulants, calor, anttilatics, PFAS, bactera snd visss. Ths has resulted in new and

simpile processes for the reatment of walsr, (e eusse of wastewater and the producton of polsble waler

AquaConnec provides solutions for regional waler provision problema by developing integraled smart
winbar-grids based on innovative digital and chamical lechnologies that enable ciroular approachoes for M-
for-purpose and an-demand fresh waler supply based on currantly unexpioied waler resources
Demanstration of these smarl water-grids will occur in different regions of The Netherands and is
accompanied by a sclanlilic assessmant of the financial, economic, legal and political conditions the allow
Tull-gcole Implermentation of the sman watis-grd

For NX i wary important research top @ o further improve the module dessgn for hollow fiber
nanofitratian (o further optimize mass transfer with novel geomaetries and nisw membrang matorials. This
will enabla NX to apply 1's unigua separation al the low cosl and high efficiency required for the
anvisaged large scale applications,

NX ackrowledges the importance of finding solutions for regional water provision problems and commits
ekl 1o i resaarch perlomsd [ AguaConnect with &n in-cath conlrbulan of € 25 000.- ahd 80 n-kind
oontribution of € 80.950,-,

Chaomber of Commerce 4495 9910 VAT NLES 5922 094 BO1 IBAM ML34 RABD 0308 3051 186
BC RABOMNLIU
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NX filtration

The in-kand cantribution (spacified below) s dedicated to
+ Development of a pllot-scale demansiration sysiem with nanafliiration, based on the schenlific
findings of AquaConnact, io rent waber fii-for-purposs

»  Co-davalopmant al apaciic oul-lo-in suppof mambranes, and produce them on an nduslyial
L 1L

s Devslopmant of an out-io=in test moduls

Dasoriplion MNumbsar Cost pricetarifl  Total
Mt ils 40 000 40 000
Technical support in SO0 n 35 800

180 103 15 450
Dwvalopment plot

Devalopment suppart mambranes
Dy lspmant out-to-=in module

W hove rend and have boan fully informed aboul the application. We stale thal we will actively

partickpate in the User Committas (UC) establishad and thal we will comaly wilh tha apglicable teims and
conditions for participation

Furtharmange, wa ane awiim thol the abovemantioned progct (s part of & NWO Domain TTW Perspactad
[Hragramme

Your Sincecaly,

M. A Staalan D el
-
Signatuny f,.--"" rature

Q“V&'ﬁ, Yniyr X0 T3 brsducs- 4/o/19%

Placa, date Place, date
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Port of
Rotterdam

R

‘Wageningen Universily & Research 1 ? JHU 020
iz Diatw

Sul-dept. of ETMI'EII'II'!'FBI'HBI Tachnology Our relersmes HER. 162TR00

Prod. Dr. Ir. H.HM. Rijnaarts Mumber of annes None:

P.O. Box 1T Cantact bare Fmma

BT0D AA WAGENINGEN Lt i

Fax [010) 252 90 20
Emall maismafporiafalasdam com

Satject Support letier for the research project AquaConnect - P19.45

Dear prof. Hgnaarts,

Our mission is to ensure that the port is a safe and healthy ermanonment, to limit cimate change and
Lo crésade employment opporunities,

Ayailability of freshwater is one of the key assats for port industry. Due 1o climate change and sea
leveal riga the port area will Bsce an increased penetration of sall water from the ssa. Together with
thar Waler Boards we iry to ensure a sufficeant supoly of freshwabar to port industries from kake
EBrielsa Maar. The drought of 2018 in addition is a threat from the rivers for our fresh water supply.
We are currently in the process of oplimizing the managemeant by improving our moniboring system
and budding am additonal water infat. This wil sacure the frash water supply until 2050, Wea will have
to come up with additional measures 1o protect our fresh water lake for both sea level rise and low
rives waler events in the fulure,

W will have 1o ensure our fresh water supply on the longer term, The case studies in AguaConnect
can provida buikding stones for climate proof solulions to keep our water managamen sustainable
and robust in fulure. An allemative sources ol fresh water for the industry that & investigated is the
reuse of effluents from wastewatar treatment planis. But also possibly regenerating fresh water from
brackish groundwater of surface waler are looked into, by use of sustainable and energy economical
desalinslion. The gromdwaler undémaath the pan could ba an aternalive sourcs, also n
combination with thermal purposes,

Within AquaConnect digital inchnologies are designed and developed to comn up with the most
optimal infrastructure to support waler with diffierant qualilies and linking supply and demand. Witk
tha developed and proven knowladge from the case studies coukd provide elements for fulure
solutions for the ports induatry, for building & long term cimate proof and sustanable fresh water
supply

Posial sdd Hersibasdrif R M, PO bos 8633, 3HO AP Ronaqdem, Tha Nabsiriands
VisHisg address YWorkd Port Camier, Porl remiar 1247, Wiksininaknos 809, MI72 AP Romsdem, Tha Mathariands
Winkmits www padooiinsam mm CoC M1 BIC IRGAKLZA NIAN ML 39 G B 06 E1047E Pags 177
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Port of
Rotterdam

R

17 JULI 2020

Our redarercs HEF-153TRDO

Thie Por of Rotterdam Authority is therefore interestad in the AgeaConnect ressarch proposal and
spaciically 1o come up with digital designs for added fresh water supplies in the future.

The Port of Rottendam Authority could commit itsell 1o the research i kind, by providing fhe
necassary port information and halp translate the output from the case studies to the Rottardam port
sfuation. Plesse contact Marc Elsma, advisor at my dapartmenl, whe coordinales this tople, lor

Tu Lt i ifonnadion

Project Dpscription of contribution Duantity’ | Unit costy | Sub-total
Taniir
Workpackage 2 |Data preparation and transiation of output from the 1063 |E.!4ﬂ
ard 5 caso studies to the Rotherdam part situation
Tatal in-kind contribution] I!.!-H.'l
£ FBA-RALK GLEANILE! AN

Lienios emplopes, everyone with an acadamic etecation = € 103/Mhaw; jurtior smployes, eveyone with &
coflege degree (Dutch HEG-education] = € 71 Mour,

Wi have read and have beon fully informed aboud e application. We state that we will actvely
pafiicipate in the Usar Committes (UC) estabished and that we will comply with the appcable terms
and conditions for participation. Furthermore we are aware that the above mentioned project = part

ol a NWO Domain AES Perspectef orogramme.

Wors sinceraly,
Paort of Rotberdarm Authority

a?

Director Enviranmental Management

Peatsl sdd Hi sl gl R KA PG oo BED, MA00 AP Relimectiin, The Ny

MimBime ardrsas Wnnd Prat Caniar Bod raoian 12867 Siisakninshanin G0 9070 AR Rtesiam Tha Rabadanrs
Wednits' wwm porafrotiensam oom Gok 2654501 BIC WGESLZA IBAN NL 38 ING B DG S564T6 Paga 22
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Provingle Noord-Brabant

Brabantaar 1
Fastbus #0157
5200 MC “rHarogerbach
Talefoan (073} 481 28 12

Universiteit Wageningen Fax (073] 580 74 80
Attn. Prof. Dr_ Ir. H.H.M. Rijnaarts www. brabant.d
Pastbus 8129 IBAN MUBSINGE0AT 454004

&700 BY WAGEMIMNGEM

Barsikbaarhsid
opanbaar warvoer an Fas:
wara brabant.elfrochs

onderwarp
Steunbrief project Aquaconnact
Datum
26 juli 2030
ons ksnemark
Dear Prof. DE. Ir. Rijnaarts, CRTETIRE/ATI0NT
W keamenark
et
Confocfparsman
P.LM. (Paker] Ramakers
Talefoon
AgquaConnect provides solutions for regional water pravision problems by (0&) 18 30 33 &2
developing integrated smart water-grids bosed on innovative digitel and Email
chemical technalagies that enable circular approaches for Fitfor-purpose and pramakars@izestananl

on-demand fresh water supply bosed on currently unaxploited warer rescurces. Bijlagsin)

Demonstration of these smart water-grids will accur in different regions of The
Metherlands, and is accompanied by a scientific assessment of the financial,
economic, legal and pelifical conditions the allow fullscale implementarion of the
smart water-grid.

The province of Morth Brabant acknowledges the imperance of finding solutions

for regicnal water provizion problems and commits iself to the ressarch

performed in AquaCennect with an inkind contribution of £ 20.000 - and an

in-cosh contribution of &€ 20,000 -,

The inkind coniribution i dedicated to Delrares and hes parmers and consists of
* Provide dota, exisfing toals, and other infermation for study areas.

Contribute 1o stakeholder redesign landscape workshops.

Contribute 10 AGUACONMECT symposia or workshops.

Link AGUACOMNMECT o ather programs like Kimap.

Internal and external dissemination of the results.

- s = .

The prowvince of Moord-Brabant is @ governmental arganisation with more than
1000 civil servants. The province is, ameng oiher things, responsible for nature,
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Flﬂ-uqu L] Hu-ﬂ-ld nl"hﬂrll

environmantal and water managemant (n the Southem Dutch prevines Moard- Duations
Brabant, 28 juli 2020
Tnd kenmark
L2247 294 /74001 T

Brabam is on European 1op ragion regarding knowledge and inncvation. The
provineial governmant invests in Brabant 1o sustain this pesition in the future, Within
this frome wa will clss invest in smor beehives os en innovative moniter of
blodivariry.

Yeu can formalize the contribution of the province of Maard-Brabant 1o the
project through o budger subsidy

IF you would like more infarmation about this lener, pleass contace Mr. P.
Ramakers

Gedeputesrds Staten van Maord-Brobani,
namens deze,

oo

T. Renner,
pregrammamanager Water en Bodem

In warband mat geaut g varwarkan |3 8 documant dighaal andenskand
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&), Provincie e e
/ ZEEIand +3 118 83101 N
Gedeputeerde Staten ﬁ L
WUR Wageningen University

T.av. Prof. Dr. Ir. HHM [Huub) Rijnaarts

oRderwerp Kenmark behandedd oot VETZOndan
Steunbrief Aqua connect 20025750 Drs. T.B.M.

MERIMMAEN  westerhot

+31 118 631928

Middalburg, 1 september 2020
Geachte professor Rijnaarts,

Wij hebben uw verzoek ontvangen ten behoeve van het onderzoekspragramma AquaConnect welkea
deel uitmaakt van een NOWY Domein TTW FPerspectief programma. Zoals in da intentieverklaring d.d. 28
november 2019 van de provincie Zeeland al is aangegeven, Zijn we geinteresseerd in deslname san uw
onderzoeksprogramme AquaConnect

De prowvincie Zeeland richt zich op mibeuvraagstukken die te maken hebben met kiimaatverandaning
{zoetwatervooraening), cirtulaire aconome, anargietransifie, natuuronbwkkelng en neuwe manenan van
samenwerking. 2o zijn we gestart met een programma genaamd Zeeuws Deltaplan Zoet Water, Hat doal
van dit programma is om ervoor e zorgen dat de provincia in 2050 veerkrachiig i= op het gebied van zost
water, Er wordt gekeken near de mogelijkheden om zoet water zo effectisf mogelijk te gebruiken.

Middels deze brief dalen wij mede dat wij de samenwerking grasg asngaan &n een bedrag reservansn
wan € 100000 - ten behoseve van de cofinanciering aan het 4 jaar durende onderzoeksprogramma
AguaConnect voor hat doan van onderzoek naar een Robuust Watersysteem in Zesuws-\aanderen.
Dearmaast zijn we beresd 20 - 35 uur te investeran, wat nearkomt op ongewvesr € 4 000, = in natura per
joar.

Aan deze toezegging verbinden wij de voigends voonwaarden:

- Een posibeve beslissing op uw aanvrasg in het NOW Domein TTW Perspectef programma.

- Cofinancierng door ander regicnaal batrokken partijen zoals Dow Benelux. Evides
Industriewater. Gemaente Temeuzen, Marth Sea Port,

- Deelname van HZ University of Applied Sciences in de udvoering van het project.

Wanneer san bovengencemde voorwaarden kan worden voldaan, kunt u een definitieve
subsidisaanvraag indienen, welke conform het Algemean subsidiebesiuit Zesland 2013 zal wordan
gatoatst.

Hopende u hiermea voldoande geinformeerd te habban

Kt vriendelijke groet.

de staten,
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‘},Ruval

HaskoningDHV
L figrri |:II._J Sociely |"u|||r'r||'r
HASKONINGDHY NEDERLAND BLV.
Laan 1974 35
3818 EX AMERSFOORT
+3188 M8 2000 T
#3133 46336 52 F
info@rhdhy. com E
fopalhaskoringdhy com W
Date: 3 August 2020 Contact nama: Paul Roeleveld
Your referenca: Telephone: +31613020985
Our reference: BZ11B0WATCO2008031800  Email: paul.roslevald@rhdhw.com
Classification: Confidential
Support letter AguaConnect

Dear professor Rijnaarts,

Royal HaskoningDHY is an independent international engineering and project managemant consultant
with over 130 years of experiance. Royal HaskoningDHY can call upon a large expert base of over 8,000
employees, of which more than 1,200 are active in the water sector. Royal HaskoningDHV &, together
with clierts and partners, already for mare than 50 years investing in the developmant of innovative
technelogies, from laborstory fo pilot scale and towards the first full-scale implementation. This is
nowadays mainly stimulated by the driver for resource recovery and water reuse from wastewater Cur
services cover the whole spectrum: policy, master planning, consultancy, design, engineering, asset
management, environmeantal and social impact assessments, financial engineenng, madalling, data
management, products realization and operation & maintenance.

Since the drought from 2018 we are aware that drowght damage is also a serious risk for The
Netherlands, especially in the sandy soil provinces and tha provinces in the western part of The
Netharlands. The years 2018 and 2020 are only convincing that situations of drowght are becoming a
stabila trend and that this asks for multiple solutions on regional and local level, For that we strongly
support all objectives of the scientific program AguaConnact

Within cur Innovation Program Water Technology, the transition of wastewater treatment plants to water
factories is an important theme for our business development We are developing several technological
concepts for water reuse, like additional treatment of effluent from biclogical treatment systems and
inmovative physical-chemical treatment systems for municipal wastewster. However, the probilem of
drought damege can't only be schved by developing new technaologies. It is alse crucial to look for
temporanly buffering of freshwater. sustainable recharge options and to induce a step change in the
current paradigm in freshwater governance. All thesa themes will be covered in AquaConnect and more
insight into thase themes will support the implementation of cur technologies and concepts in practica.

(=)

HyekoningDHY Nedariand 8., ic parl of Aoyl HackeningDHY b S
Trada sagaia nrioes SE16164 - -
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HaskoningDHV

With regard to the different cases, the sandy soll provinces have our highest interest and priarity. Fer the
Amsterdam Matropalitan srea we heve a maediuem priority and for the provinces Zukd-Holland snd
Zagland wae have & low priority concaming cur contribution to AquaeConnect

With this support letter wa state that HaskoningDHY Nederland B,V is interested and committed to the
solentific program of AgquaConnect Based on that sistement we offer an in-cash coniribution of

€ 30.000,- {total in four years, € 7.500.- sach yaar). As in-kind contribution we offar sn input based on
hours with 8 valua of € 50.000,- (total in four years). For this budget in hours we proposa the following
sctivities:

= date gathering for research activities,

® organization of co-crastion sessions with stakeholders:

s pglobal dasign sctivities of concapls for waler reuse;

= selting-up business cases,

® poordination of the case for the sandy soil provinces,
In discussion with the program director of AguaCeonnect we will determine the final kst of sctivities.

In the table below e further specification is presented of our In-kind confribution. For this it is important to
mantion that wa have an agresmaent with Rijksdienst voor Ondarnemand Nederland (RVO) for the
spplication of tha Integral cost systamatics (IKS) for subsidized projects which are subject o the
“Kaderbesluit Econemische Zsken subsidies”. The presented hour tariffs in the table are according to this
agraament with RO,

osaryion e e
Pad Rooleveld I

[l Peiviii (bl Widiir FaLinG e i

Fagnd Acharmnbeng 14890
i Y FTVBIET WA LG 120 €17.508 -

Forinjmn vin Laarhayen
i Bpelaling walee pii i

We have resd and have been fully informed about the application. We state that wa will sotively
participate in the User Committea (UC) established and that we will comply with the spplicable terms and
conditions for participation.

s 1240 €170

Furthermere, we are aware that the abovementioned project is part of a NWO Domain TTW Perspectiel
programime.

Sinparely yours,
HaskoningDHY Nederland BV,

=

Franc van der VWielen
Director Advisory Growp Waste VWatar

38200 AT IWA FCC080Y 1HEC F
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@ Shell Global Solutions Internatienal BV,

Grasweg 31

1031 HW Amstardam

Netherkands

Tel +31206303216

Prof. H.M. Rijnaarts Mobile +31655123457

Environmental Technology Email hpcalis@shelloom

Dep. of Agrotechnology & Food Sclences Internet s shell com
Wageningen University Research Cantre

Bornse Weilanden 9, 6708 WG Wageningen
P.O. Box 17, 6700 AL Wageningen

August 4", 2020
Subject: AguaConnect

Dear Professor Rijnaarts,

On behall of Shell, I'm happy to commit cur contribution to the AguaConnect project. This letter
provides some background and details on this commitment.

We belleve that AquaConnect fits well with Shell's purpose: powering progress together by providing
more and cleaner energy selutions. This purpose implies that we carefully consider the potential
environmental impact of our acthvities and how local communities might be affected during the Iifetime
of a project. We aim to comply with all applicable environmental regulations, continually improwve our
performance and prepare for future challenges and opportunities. We carefully manage our waste
production, water use and discharges. We design and operate our facilities to help reduce freshwater
use, and we tailor our use of fresh water 10 local conditions because water constraints affect people at
the local or regional level. We develop collaborative solutions to save, reuse and recycle water — often
applying innovative technologies te do so. We champion open innovation and wark closely with
universities, non-governmental organisations and industry associations to share knowledge and ideas to
improve the way we use water and prepare for the future.

Shell’s interest in AquaCoennect is to establish a firm deployment framework for the re-use of waste
streams such as blosludge and effluent for agricultural purposes. Gaining a thorough understanding of
the fate of substances contained in these streams in this application fits with the medium to long-term
risk mitigation, allowing sustainable re-use of such waste streams.

AguaConnect provides solutions for regional water provision problems by developing integrated sman
water-grids based on innovative digital and chemical technologies that enable circular approaches for fit-
for-purpose and on-demand fresh water supply based an currently unexploited water resources.

Eslablished al The Hogue, Amsterdam Office,
Gragwag 31, 1031 HW Armsferdam
Cammencial Begither, This Hoguee 27155370
WiT Reg. Mo, MLABD.A0, 13,019 8.01

Agualonssr] - Sapport Etber Shell docs
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Demonstration of these smart water-grids will occur in different regions of The Metherlands and
intermationally, and is accompanied by a scientific assessment of the financial, economic, legal and political
conditions the allow full-scale implementation of the smart water-grid. Shell acknowledges the importance
of finding solutions for regional water provision problems and commits itself to the research performed in
AguaConnect with an in-cash contribution of € 100,000 and an in-kind contribution of € 6,180. The in-kind
contribution (s dedicated to establishing a connection between AguaConnect and the Shell project
‘Greening the Desert’ in Qatar in the context of international outreach and consists of

- Including a case study in Agualonnect with extreme conditions (desert, brackish water) for the re-
use of biosludge and effluent in agriculture.

- Information-exchange about Shell initiatives for circular water systems in the context of ‘Greening
the Desert” in Oatar.

- Identifying the possibilities for demonstration of the in AguaConnect developed smart water-grids
in Qatar.
Connecting AquaConnect with relevant regional stakeholders that are required for executing such
a demonstration-project in Oatar.

Description Mumber Cost price/tariff Total

Senior Water Treatment and | 40 103 4120
Integration Technologist

Environment Manager. 20 143 2060
Water

We have read and have been fully informed about the application. We state that we will actively
participate in the User Committee |UC) established and that we will comply with the applicable terms and
conditions for participation.

Furthermore, we are aware that the abovementioned project is part of a NWO Domain TTW Perspectief
programme,

Yours sincerely,
shell Global Solutions International B.V,

HP Calis
General Manager

AquaCanrect - Sepport witer Shall docs 2
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Wiy TR
vechtstromen
postadres
Postbus 5006
7600 GA Almelo
Sent by e-mail to:
Huub rijnaarts@wur.nl bascalcadinet
Thomas.wagner@wur.nl Kootkersweg L Almelg
Ruud bartholemeus @ kwrwater.nl
Farry.delouw@dettares.nl 1 088-2203333
& info@vechtstromen.ni
www.vechitstromen.nl
Contactpersoon uw kenmerk datum
B. Warm 24 sugustus 2020
doarkiesnummer ons kenmerk bijlage{n|
08-21882531 2-1712701/20038140
onderwerp

Support letter Aqua-Connect

Dear professor Rijnaarts,

Waterboard Vechtstromen, in the eastern part of the Matharlands, is suffering now for yaars of severe
drought issues. The warking ares is 220.000 ha large. In this area we have to provide for anough frash
water of an acceptable quality and prevent land from floodings. In summertime, onby 40% of this area
can be provided by additional water from the river ljzzel [i.c. Rhine). In 0% of our working area we
have to deal with drought problems and try to solve them with néw, meore chimate proof solutions.
Those sclutions can be technical and/ar more natural (building with Mature). We are searching for
answers how to deal in the best way with the affects of climate change. Which measurements are
good, in which areaz, how to combine them with octher measures to make them more effective, what
influence do they have on the other occasional problem of ‘water too much’ (floodings) etcetera.
That's why we glso funded the research program Lumbricus’, which is now ending this year, but
already has & successor in the program ‘KLIMAPY. Hence we are searching for the best measures to
become climate resilient, and the way to get there (what policy and strategy is needed?). Therefore
we ike to contribute to the AgquaConnect proposal, thinking/hoping that it will help us in this search
for the right and most effective way to become climate resilient.

AgquaConnect pravides solutions for regional water provision problems by developing integrated smart
water-grids based on innovative digital and chemical technologies that enable circular approachas for
fit-for-purpese and on-demand fresh water supply based on currently unexploited watar resources.
Demanstration of these smart water-grids will occur in different regions of The Netherlands, and is
accompanied by a scientific assessment of the financial, economic, legal and political conditions the
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aliow full-scale Implementation of the smart water-grid. Waterschap Vechtstroman acknowledges the
importance of finding solutions for regional water provizion problems and commits itself to the
research performed in AquaConnect with an In-kind contribution of € 10,000 and an in-cash
contribution of € 20.000,-. (4 years; €5.000,- a year) The in-kind contribution consists of hours |cost-
prize staff-mamber |3 sround € B5 - €100 per hour; that depends on the function) made by our staff
members to:

Provide desired data, existing tools, and sther infermation for study areas.

Contribute to stakeholder redesign landscape workshops.

Contribute to AQUACONNECT symposia or werkshops,

Active linking AQUACONNECT to ether programs like KLIMAP,

internal and external dissemination af the results (if they are proven valuabla).

The exact number of staff-member-hours 3 not to ba estimated in & realistic way ot this stage now. It
is strongly related to the kind of questions/requests we will recaive from the Aquatonnect project
once it has really started, but it will be in the range of total 100 = 120 haurs during the course of this

research project.

‘We have read and have been fully informed about the application. Wae state that we will actively
participate in the User Committes (UC) astablished and that we will comply with the spplicable terma
and conditions for participation.

Furthermore, we are aware that the abovementioned project is part of a NWO Domain TTW
Perspactief programme.

amieider Strategie & Omgeving

Fagna |3
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s

Dear professor Rijnaarts,

Hereby | declare that we intend to support the NWO-TTW Perspectief project P19-45 AQUACONMECT - Climate
robust water provision and management for deltz regicns as described on www. nwo.nl/enfresearch-and-
results/programmes/ttw/perspectief/2019-2020-p19-45 html and the proposal as that will be submitted by
September 2020,

Brabant Water Is the drinking water company of the Province of Brabant and supplies drinking water to
approximately 2.5 million customers. Brabant Water is responsible for the abstraction of groundweater, the
treatment of groundwater to drinking water and the distribution Lo its customers. Brabant Water operates on
the sandy uplands in the south of the Netherlands, a region under increasing climate stress, including
prolonged droughts as experienced in 2018, 2019 and 2020,

To safeguard future water supply and guarantee sufficient drinking water of excellent quality at all times, it is
crucial to increase the resilience of the whole water system of the sandy uplands, This may include new
strategies for the management of the natural water system, for example by promoting groundwater recharge,
and the use of alternative water resources by industries and agriculture, as an alternative to using sparse
groundwater. The research done within AQUACOMMECT will help to build 3 sound scientific basis and initiate
the technological and societal Innovations that are needed to make the transitional change towards a climate-
rabust water provision and mansgement.

Brabant Water intends to contribute to AQUACONMNECT with €25,000 cash and £6,592 in-kind in men hours (64
haurs, senior employes, hourly tariff €103). In particular, we intend to:

= Support the AQUACTNNECT project and researchers, by sharing our experiences and practical
knowhow of governance issues, water system functioning, and water treatment, and by reflecting an
AQUACONNECT project results;

= Communicate the scientific output of AquaConnect within our company and with our regional
stakehaolders;

Translate the project outcomes to our own campany and our technologlical and corparate processes,

We have read and have been fully informed about the application. We state that we will actively participate in
the User Committes (UC) established and that we will comply with the applicable terms and conditions far
participation.

Furthermare, we are aware that the abovementioned project is part of a NWO Domain TTW Perspectief
Programime, |
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\ f |

/
Dr.ir__J__g_Lﬁiﬂl,_‘hw i = E—/?/jg}f‘,

== —‘T,E:urrli-lana'ger‘ Production

|| | l J



AquaConnect — Key technologies for safeguarding regional water provision in fresh water stressed deltas

stoma.sd i R il
0 FAX 033 46032 09
same

' STICKTIRG

TOEGEPAST OMOERZOEK WATERBEHEER *35'" ’5 s
POSTELIS £330 3200 CE

Wageningen Universiteit

T.a.v. de heer prof. dr. ir. H.H.M. Rijnaarts
Postbus 17

6700 AA WAGENINGEN

Mailen naar: huub. riinaarts@wur.nl
CC naar thomas. wagnar@wur.nl

ORDERWERF Letter of support Aguaconnect
DATUM Amersfoort, 1 september 2020
ANS KENMERK 1G200901002,/424200/CU

U'N KENMERE

Dear professor Rijnaarts

I am writing this letter to express our intention to support the project proposal entitled
"AguaConnect”, Our contribution is subject to a positive recommendation from the STOWA
Program Committes on Waste Water Systems at September 17. As soon as possible, but
no later than September 22, STOWA will inform you about the recommendation of the
Program Committes.

STOWA (Acronym for Foundation for Applied Water Research) is the knowledge centre of
the regional water managers (mostly the Dutch Water Authorities) in the Nethedands. Its
mission is to develop, collect, distribute and implement applied knowledge, which the water
managears need in order to adequately carry out the tasks that their work supports. To this
end STOWA initiates and funds projects that are relevant for the knowledge base of the
Dutch Water Autharities.

AquaConnect provides solutions for regional water provision problems by developing
integrated smart water-grids based on innovative digital and chemical technologies that
enable dircular approaches for fit-for-purpose and on-demand fresh water supply basad on
currently unexploited water resources. Demonstration of these smart water-grids will occur
in different regions of The Netherands, and is accompanied by a scientific assessment of
the financial, economic, legal and political conditions the allow full-scale implementation of
the smart water-grid. STOWA acknowledges the impartance of finding solutions for regional
water provision problems and commits itself to the ressarch performed in AquaConnect
with an in-kind contribution of € 9.600,= and an in-cash contributicn of € 100.000,= (VAT
and other taxes are included). The in-kind contributicn consists of organising a workshop to
consult stakeholders, involved water authorities and involved participants of other relatad
projects like "Zicht op elke druppel”, "Waterfabriek Wilp", etc. From our point of view a
good coordination with other projects is a key parameter for success.

Our spacification of the in-kind support of about EUR 9.600--, is summarized in table

format below:
_Description Number Cost price/tanit Total
Meetings and | 4*3*8 EUR 100 EUR 9,600
workshops
total EUR 9.600

Bank: Mederlaniss Waterschapshast 2o Den Hasg
Hekeningn BT.57.7E

Swift: HWKRNLZG
DARN; HLEY NIAB D636 1477 E1 Stichtingenedgister Den
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siowa

We have read and have been fully informed about the application. We state that we will
actively participate in the User Committee {UC) established and that we will comply with
the applicable terms and conditions for participation.

Furthermore, we are aware that the abovementioned project is part of a NWO Domain TTW
Perspectief programme.

Sincaraly,

._\'-1‘—-—-—1_’/
Managing director STOWA
ir. 1.1. (Joost) Buntsma
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Kingdom of the Netherlands

Wageningen University & Research Economic Affairs Santiago

Sub-dept. of Environmental Technology

Attn. Prof. dr. ir. H.H.M. Rijnaarts Aoyal Metheriands Embassy
Santiagoe o Chile

Pk B 1.3 ; Location code 503

6700 AA Wageningen .6, Box 12200

2800 0O The Hague
The Netherlands
W, minbuza.nifen

Contact
Frans E. Janssen

T +56 2 27859227

F

frars_janssen@minbuzanl
Date 032 September 2020

Re Support letter for the research project AquaConnect - P19-45 Cc
H. van Dufine, Deltares

Dear prof. Rijnaarts,

The embassy of the Kingdom of the Netherdands in Chile, through this letter,
confirms its interest and commitment to the AguaConnect project as it is being set
up and then specifically with regards to a mirror project in Chile. This project
supports our G2G and K2K objectives for our water cooperation with Chile and
also can lead to concrete business opportunities.

The support will consist of local cocrdination of the project, act as an intermediary
between the two countries and its respective consortiums working on the scentific

and applied science and technology parts and support raising awareness in public,
knowledge and private sectors in Chile, not in the least by linking our name to it.

We will contribute with an initial EUR 8750 in the year 2020 in cash to support the
start-up of the mirror project AquaConnect project in Chile. Next to that we will
ensure support as need be by our trade advisor water during the period of the
start-up. Once the project is formalized and will be executed, we will study with
our water partners in the Netherdands (RVO, NWP, ministry of IenW) how we
further support with cash and/or in-kind.

We have read and have been fully informed about the application. We state that
we will actively participate in the End User Committes {EUC) established and that
we will comply with the applicable terms and conditions for participation.

Furthermaore, we are aware that the abovementioned project is part of a NWO
Domain "TTW Perspectief™ program.

Yfours sincerely,

Mw. drs. L.C. den Breems,

Counsalor
&76761) y}:’

Page 1 of 1
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Stibbe Amctorcam Bruasels Dubs London Luserbous New Yisrk

mi_ &4 Coligren
Actvaraat

Per email: huub rinoarts@wrnl Advotsien en notadsssn

Beathovenpiein 10
Posibus 75640
1070 AP Arrterdarn
Hetharlands

T +31 20 548 01 39
F 31 20 548 07 10

anrs collignonatition com
e Blinha. com

Cari
3 Seplamber 2020

Dear Professor Rijnaarts,

Stibbe is one of the leading law firms in the Netherlands in the area of
Administrative law. Our Environment & Planning team is the larpest team of its
kind in the Netherlands. Our experis have in-depth knowledge of all aspects of
environmental and planning law. We not only advise and litigate cases, but also
maintain close contact with universities, the Dutch Parliament and Ministrics. We
are involved in caseés thal create relevant new case law, contnibute to academic
articles, and play a role in drafting and commenting on new legisiation.

Stibbe is known for its focus on high-profile and complex cases. The issues raised
by periods of drought, a problem facing the Netherlands now and in the future,
definiiely fits this category. Alleviating water scarcity s a complex problem
involving many stakeholders, with significant consequences for individuals, nature
arcas and industry. Qur Environment & Planning practice focuses on the two latter
sectors, and foresees that both could be highly affected by future water scarcity and
by measures taken by governmental and private actors to alleviate this problem.
Therefore, Stibbe is active on this topic, including providing legal advice in this
arca to several stakeholders (industrial and povernmental actors) as well as
contributing to the scientific knowledge on this topic. Stibbe values its long-
standing and close connection with academia and universities, which is reflected
by the fact that several employees regularly publish articles in professional
journals, hold PhD degrees or even have professor positions at several universities
in the Netherlands.

AquaConnect provides solutions for regional water provision problems by
developing integrated smart water grids, based on innovative digital and chemical
technologies that enable circular approaches for fit-for-purpose and on-demand

Sy M PR wlr i [aoh Cramiss Of COMSYTH ondel masier LVSETO0 Aly Se0ds paeTned B Slried Sul LT @ areaTenl ke Sefeei
[owsrasrknmiv

Wi cpirmchil| el e WY w-mmwﬂmnmwmumw ) e @ TRl of aredy
moply W e e aatds G e

:u-mmmmﬂmrmuwr il i Sarie e
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Stibbe

fresh water supply based on currently unexploited water resources. Demonstrations
of these sman water grids will take ploce across vanious regions of the Metherlands,
sccompanied by a scientific assessment of the fnancial, economic, legal and
political conditions required for full-scale implementation of the smart waler grid.

Stibbe acknowledges the importance of finding solutions for regional water
provision problems, and commits isell 1o the research performed by AquaConnect
with an in-kind contribution of EUR 6,000 to facilitate a workshop at Stibbe, and
an in-kind research contribution of ELIR 10,300 carried out by Annalies Cuthuijse,
LLM Phid, Stibbe's in-kind research contribution will consist of:

- Exchanging knowledge on legal and adminisirative aspects of fresh water
governance related 1o the AquaConnect case studies with the researchers
in WPS;

- Supervising the PhD in WPS, amongst others during a short internship at
Stibbe.

= ODrganising o workshop dedicated 10 exchanging knowledge about legal
and administrative aspects of fresh water governance with AquaConnect

stakeholders;
Description Mumbier Cost priceariff Total
Specialist leggnl wnd | O 1o 1, 300

administrative  aspecty
Annalies Outhuljse, PhD
LLM, sssociate ai Stibbe,

Facilitating a workshop at 6,000
Stibbe

Wie have read and have been fully informed about the application, We state that we
will sctively participate in the User Committee {(LIC) established and that we will
comply with the applicable terms and conditions for participation.

Furthermore, we are aware that the abovementioned project is part of a NWO

Domain TTW Perspectiel programme.
Kind regards,
T Asms Colligoon

Partner Administrative law, team Environment & Planning

0 ey et gy A i o Wil i A e b vt b b LT PUN LIV [IRATT - Segjipy Mo BhilA dein
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Ll 111

4 Royal Swinkels A Py Do
S fa‘:n}}al}r brewers v
SR 15 Lieshout

Fecderard

Tenavaagm

F o+ 429 a8 29

Irf ik winketstom|y brawers com
smerslsTamivghiimes m corn

Ribotang
BiC BABOMLA)
IBAN MLE? BARD 0N 0543 43

Jufy 28, 2020 BTW MLOSSA 455 RO
Ko —rvrrers 17007 IRT

Dear professor Rijnaarts,

Swinkels Family Brewers (SFB) is & family owned company with three hreweries in the
Netherlands. SFB is caring for its environment with a focus on circularity. In Lieshout,
the south of the Netherlands, the Bavania Beor Brewery cxtracts a large amount of
groundwater and discharges treated waste water to the surface water, Al the sume time,
neighboring farmers invest in sprinkler imigation using groundwater 1o maintain their
crop production during drought periods. This leads 1o increasing pressure on the regional
groundwater availability. To reduce the water footprint of the brewery and the
abstractions of farmers, we intend 10 deliver treated wastewater 1o nearby agricultural
fields by sub imgation. However, water quality and infiltration capacity of systems are
important issues which currently hamper large scale implementation.

The research done within AQUACONNECT will provide important scientific insight and
technological and nature based solutions in possibilities and needs for further purification
of wastewaler, in order 10 refum il responsively to the regional groundwaler wystem.
Besides the scientific challenges, wtilization possibilities and governance issues are
important drivers. Therefore, we are interested in and will commit our sclf to the research,
with an in-kind contribution of € 6392, -, We imend 1o contribute as in-kind contribution in
men hours, contributing 1o the case studies on the Higher Sandy Soils as follows:

- Integrating the scientific resulls in relevant fresh waler provision concepls lor the
region,

- Share our experience with governance issues with the AquaConnect consortium

- Translating the scientific results 10 our own company and our network of industrial
parners.
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Deseription Number Cost Total
cceRacil
Scnior specialist waler 32 103 £3296
Treaiment
| Manager sustainability 32 103 €3296

We have read and have been fully informed about the application. We state that we will
sctively participate in the User Committee (UC) established and that we will comply with

Furthermore, we are aware that the sbovementioned project is part of 8 NWO Domain
TTW Perspectiel programme.

M. Junggeburth
Manager Sustainability Swinkels Family Brewers
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'i!."-\"'t Postaderes: Postbus 35, 4530 A& Terrmusen
& Beroskadeey: Stadhulsplain 1, 4531 GF Termauzen
"‘r__p"éf‘ <erney, Telefoon 14 0115
'?-9 Vanuilt buitenland: +31 115 455 000

E-mall: gemeente@terrelzennl
Itermet: wisns lernsuben.nl

Bij beartwoording au.b, anderwerp, daturm en
wenmurk van dege briel vermelden

Frof, dr, ir Huub H.M Rijnaarts
Environmental Technology

sashnummer 182143 WH1SE68S
Dep. of Agrotechnology & Food Sciences comlacipersoon  _ J. Grosnevekd-Verdonk
Wageningen Unlversity Research Centre Ielefoan 14 0115
all ! ;
P.0, Box 17, 6700 AA Wageningen i HHarveneii wmeaen; ¥
S 10 AUG 2020

Tarneuzen, 10 August 2020

Onderwerp: Robus! Watersystem participation to Agua connecl

Dear professor Rijnaarts,

The municipality of Terneuzen has 55.000 inhabitants, a large industrial area among the
harbor and the canal from Ghent to Terneuzen as well as agricultural surroundings. The
Belgian border and the Westerscheldt form our boundaries in Zeeuws-viaanderen,

The municipality of Terneuzen finds it important to create sustainable ways of using
resources such as water. In our region, 100 million m® of fresh water is discharged to the river
Scheldt annually. About 50% of the volume originates from Flanders and is channelled and pumped
through our municipality Terneuzen in Zeeuws-Viaanderen. The overall water quality might be
feasible for reuse, During summer periods both industry and agriculture suffer from a scarcity in
frash water supply. Therefore alternative sources of water with sulficlent quality are being explored.,
Since several years we are searching together for innovative ways to create sustainable use of water,
less energy waste and environmental chances for urban and rural development under the steering
group of the Robust Water system Zeeuws-Visanderen. Several goals are embraced by all the
partners to optimise the whale water system robust, future proof and climate adapting.

We strongly believe that the coproduction between the invohwed partners such as Dow, HZ University
of applied sciences, Evides, ZLTO, Water Board, province of Zeeland and our municipality have all
chances to succeed and we want invest in further knowledge. The AquaConnect program will greatly
facliitate new steps into this development In towards a sustalnable water provision, and the results
will be well recelved and used in further Implementation.

As municipality we specifically alm for:
» The development and support for technical possibilities for making water reusable
for industrial water supply for Dow and possibly other industrial plants as well as for
agricultural and natural use.

o ‘We are looking for enough water buffering to have the capacity to be able to supply
agricultural and other users with the avallable fresh water within the reglon.
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Logo Termeuzen to be used by Aqua Connect

Buffering can be established above or below surface or can be possibly combined by
development of nature or use of other crops in agriculture.

» Multifunctional use of existing water loops as canals, rivers, creeks and streams, in

which eross - border possibilities are surely very important In this region, We use the
possibilities for landscaping and recreational use as well as nature development and
incorporate them in our regional planning,

e Stimulating circular water use on micro and macro levels in urban areas as well as at
the country site.

o Drganisation of public interest and civil participation in reaching our goals for sustainable
water use and climate adaption,

e Participation in sclentific cooperation, that way gaining knowledge and creating
possibilities for realization.

e juridical translation and innovation in legalisation for town and country planning and other
local and reglonal laws and Implementation in Strategic Planning.

Wie are willing 1o participate in the project by co- financing the coming 4 years by an amaunt of
C10.000 cash and will invest yearly around 60 hours which means approximately ©6200,- in kind,
We have read and have been fully informed about the application. We state that we will actively
participate in the User Commitiee (UC) established and that we will comply with the applicable terms
and conditions for participation.

Furthermare, we are aware that the abovementioned praject is part of a NWO Domain TTW
Perspeciie! programmae,

undersigned, lan & H, Lonink, in the capacity of Mayor af the Municipality of Terneuren

With kind regards,

LA, {Jan) Lonink
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Wialerstra

vallei -~
veluwe

UW WATERSCHAP
WUR Environmental Technology

Adras Steenbokstraat 10 T.awv. de heer Prof H.M. RJ]HHI“I!

Posthus 4142 Postbus 17

7120 AC Apaldoam 670044 WAGENINGEN
Talatoon (055} 537 29 11
E-Mall infolvalled-vatuwe nl
Wahsite wanw, vallei-waluws nl
DCratum 1 segtember 2020 Contactpersaan C.P. Petri
Uw kenmerk E-msiladres cpetrifvallei-valuwe nl
Ons ksnmerk. 14B4749-14B4757 Telefoorrummer 06 53910456
Onderverp Support letter Aquaconnect

Dear professor Rijnaarts,

Waterschap Vallei en Veluwe is responsible for surface water guality and quality in our
region as well as for lood protection and waste water treatment. We highly appreciate
the integral approach of Aquacennect.

AquaConnect provides solutions for regional water provision problems by developing
integrated smart water-grids based on innovative digital and chemical technologies that
enable circular approaches for fit-for-purpase and on-demand fresh water supply basad
on currently unexploited water resources, Damonstration of these smart water-grids will
occur in different regions of The Netherands, and is accompanied by a scientific
assessment of the finandal, economic, legal and political conditions the allow full-scale
implementation of the smart water-grid. Waterschap Vallei en Veluwe acknowledges the
importance of finding solutions for ragional water provision problems and commits itsalf
to the research performed in AguaConnect with an in-kind contribution of € 10.000,-
and an in-cash contribution of € 20.000,-.

The in-kind contribution consists of
¢ Further defining relevant scientific research questions during the first phase of
AgquaConnect
« Exchange of data and expertise with AguaConnect researchers
+« Connecting AguaConnect to ongoing research initiatives on cyclic water systems
of Waterschap Vallei en Veluwe

# Defining possible locations for demanstration of water-grids developed in
AquaConnect

Bijisge(n) -
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Diaturm i swptember 2020

Ondarwerp Suggert leller Aquacannect

Faging 2 van 2
Dascription Mumber Cost Total
— price/maniff
Sanlor policy | 97 & 103 10.000
pdvisor

Wa have read and have been fully informed about the application. Wa state that we will
actively participats n tha User Committes (UC) established and that we will comply with
the applicabls terms and conditions for participation.

Furtharmore, we are aware that the abovemantioned project is part of a NWO Domain
TTW Perspactiaf programma.

Mat vriandelijke groat,

.
o

F M
LA

Henry van Veldhuizen
Programima manager Wonen &n Zulversn

Biflagein) -
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Ervironmental Technology
Dep. of Agrotechnolagy & Food Sciences
Wageningen University Ressarch Centre

Aten, Brof. dr. ir Huub H.M Rijnaarts
Bornse ‘Weilanden §
6708 WG WAGENINGEN

Sctandsid deer 1AM Gooljer et August 25, 2020
Doaraizyeummer ﬂE‘lD‘E""qu# Eenail ]iﬂ.ﬂﬂr]!r‘@"ﬂ'tﬂ'l!.m
O kenmers W hEsrmerk

SR — AquaConnect = Supportletter Vitens

Dear profassor Rijnaarts,

Vitens is the |argest drinking water utility in the Metherlands, serving about 5.6 million
customers on a daily basis. As a result of dry summers, increased water consumption by
customers and companies and increased pressure on our groundwater sources, Vitens is
lzoking for new solutions to produce drinking water, Water production from surface water,
brackizh water or aven wastewater sources becomes increasingly neceszary. To enable this,
we nead mora knowledge on topics like membranes and brine management. This is whers
AguaConnect provides necessary knowladge.

Vitens will contribute to AguaConnect with an in-cash contribution of €90.000,- and an in-kind
contribution of £93.137,- (table 1) Based on discussions with the relevant researchers. we will
contribute cash and in kind to workpackage 3 and workpackage 4,

WP3: we will contribute €65.000,- in cash. We will contribute €£83,146.- in kind mainly in [ab
analysis to support the development of new risk-assessment strategies for cyclic water
systems. The maximum in kind centribution annually is €20.000,= in lab analysis. We will also
provide a research location that can be used for the in-situ determination of the formation of
transformation products of contaminants of emerging concern in aguifers.

WP4: we will contribute €£25,000,- in cash, We will contribute €9991.- in-kind to subproject 1
in human hours of in-house water treatment specialists to support the development of
electrodialysis/nanofiltration combinations for fit-for-purpose water treatment.

Cude Veerweg 1, 8019 BE Zvale. Postbus 1205, 5001 BE Zwolle
T 068-B64 BB B F DBE-BB4 &7 88 KvK Iwolle 050.68.561

www, vitens.nl
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Tur raferesaE
Zulz Auguat 25, 2020

Table 1. Spacification of in-kind support

Description .,.M%nmmslﬂ Total

Specialist Water Traatmant 87 h € 9559],-
Labanalysis - Chlorophenals &0 € 300.01,- € 15000.51
Labanalysis - Valatile sromatic hydrocarbons 50 € §9,68 € 4484 22
Labanalysis = Glyphosats, AMPA, Glufosinat L) € 102,77 € 5138 56
Labanalysis - Basic OC20 50 C 12892 L 644587
Labanalysis - Basic Pesticides 5D € 25843 € 1292126
Labanalysis - Basic polar priarity-compounds 50 € 386,21 € 15310,56
Labanalysis = Chioridazon B matabolives L) C6713 € 3356 56
Labanalysis - Basic anthropogenic target compounds | 50 173,20 € 8659, 78
Labanalysis - Fungicides and herbicides L) € 156,58 C 782886

wa have read and have bean fully informed about the application. We state that we will actively
participate in the User Committes (UC) established and that we will comply with the applicable
terms and conditions for participation.

Furtharmors, we argé aware that the abovementionsd project is part of @ NWO Domain TTW
Perspactiaf programmae.

Kind Ragards,

Rik Thijssen
Manager Business Developmant

iksp

Vicang NV, | Oude Vearweg 1 | Zwolle | Postbus 1205 | 8001 BE Zwalle
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. B
Wateralliance

stichting alfiance PO Box 7560, BV JN Lesswarden, The Matherlands - - address Agara d, BV ML Leevwandan
phone 0037 M358 284 90 44 small info@watesalliance.nl bk 01 149545 biw MLEZ 701241801 ban NLEZ RABC 0153 44010 43 bic RABOMNLIU

Lecuwarden, 28-07-2020
Subject: Support leticr

Water Alliance (WA) is a unique partnership (110 members) of public and private
companies, governmeni agencies and knowledge institutes involved in the Duich water
technology sector. WA is the network organisation for the Dutch water technology sector
and focuses on innovative and sustainable water technology that can be used worldwide,
WA supports small and medium sized enterprises in the water technology indusiry in terms
of (intemational) matchmaking, nctworking and business development. Its core activities
are: International and national branding and hbh‘jl' international and cross-sectoral
matchmaking. organising and coordinating incoming missions and outgoing visits,
organising and coordinating (international) events and in-depth business development
advice for innovative waler technology SMEs.

Furthermore, WA is one of the three managing pariners of WaterCampus Lecuwarden, the
physical core of the Dutch water technology sector. WaterCampus Lecuwanden stimulates
cooperation between (international businesses, knowledge institutes and governments
within the water technology sector, in order to create synergy for world class innovation,
chain of innovation for water technologies, from idea 1o market. In this way we help
companies 1o find the best way through the innovation chain 1o cover their needs and speed
up their developments.

AquaConnect provides solutions for regional water provision problems by developing
integrated smart water-grids based on innovative digital and chemical technologies that
enable circular approaches for fit-for-purpose and on-demand fresh water supply based on
currently unexploited water resources. Demonstration of these smart water-grids will occur
in different regions of The Netherlands and internationally, and is accompanied by a
scientific assesement of the financial, economic, legal and political conditions that allow
full-scale implementation of the sman water-grid. Water Alliance acknowledges the
importance of finding solutions for regional water provision problems and commits itself
to the research performed in AquaConnect with an in-kind contribution of € 25,890,-, The
in-kind contribution is dedicated to suppont AquaConnect on its pathway 10 societal impact
and to connect Dutch waler technology companies to AquaConnect. The support consists
of:

- Functioning as an intermediary between the companies united in AquaConnect and
companies connected 1o the Water Alliance with the aim to create new partnerships
in the demonsiration and valorization phase based on key technology development
and new concepts for circular waler management.
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; LS
~vateralliance

stichting allance P Box 7580, BY03 IN Lasuwarden, The Metheilands acidrens fugoea 4 BFAC) Leauwandes
phone 0031 {0158 284 90 44 emall info@wateraliance ni ki 01169645 bow NUB2 70124150 iban MNLES RABD 0753 3801 &3 bic RABONLIU

- Supporing AquaConneet in national and international outreach by co-organizing
network events for consorfium-partners and éxternal parties. For example during
Water Alliance events {WaterLink, Ewropean Water Technology Week, ete.),

= Advising AquaConnect on the dissemination of scientific results towands
implementation in the cose-studies, and thereby on fts pathway to impact,

= Connecting the small scale lechnology developers in AquaConnect (o the incubator
ot WisterCampus Leeuwwarden to support thelr valorization/innovation acceleration.

Deseription © Number  Cost price/tari ¥ Total
Andrd Mepschen 60 103 6. 180
Business Developer Nationnal
Ronald Wielingn 150 [12] 15450
Muanager Entreprencurship
Stefan Bergsma i) 71 4.260)
Intermational projeet
coordinator

15.890

We have read and have been fully informed about the application. We state that we will
actively participate in the User Committee (UC) estublished and that we will comply with
the applicable terms and conditions for participation.

Furthermore, we are aware that the abovementioned project is part of a NWO Domain
TTW Perspectiel programme.
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Verzenddatum: | § J|JL| 2020

Muirmmsr:

Wageningen University Research Cantra U briaf van

Environmental Technology Uw kenmerk:

De heer Prof. dr. ir H.M Rijnaarts eyt Parcia i Ao

ojectnummer:
Postbus 17
G700 A8 WAGENIMGEN Contactparseen; it &M, Kramar-
Heandarbaam

Telefoon: +3VE52E00853
E-mail: a kramer@wrij.nl
Kopie aan: Aigtaur, masc, niam. wah
Bijlagein);

Geachte heer Rijnaarts,

Waterboard Rijn en lJssel takes care of water in the eastern part of the Netherlands by
regional water management, wastewater ftreatment and  flood  protection
(nttps-/fwww.wril nlithemal/slgemeen-praktischiandingspagina’). Over the last 3 summers the
region experiences the effects of extreme dry summers. Therefore the waterboard is
developing a new strategy on water management/provision, to be able to cope with these dry
periods. Re-use of treated wastewater is one of the water sources that is taken into account.
AguaConnect will bring us necessary knowledge and experience for dewveloping and
implementing our new strategy.

‘Waterboard Rijn en lJssel acknowledges the importance of finding solutions for regional water
provision problems and commits itself to the research perfarmed in AguaConnect with an in-
kind contribution of € 25.000,- and an in-cash contribution of € 25.000 - (€5.000 per year), The
in-cash contribution is dedicated to support the research connected to the Sandy Soils, of
which Waterboard Rijn en lJssel is part. Knowledge-development in the fields of digital
technologies (WP2), chemical technologies and risk-assessment (WF3) and water
governance (VWP4) are of egually great importance for Waterboard Rijn en lJssel. The in-kind
contribution is dedicated to impraving the connection between the scientific research and the
case-studies, bath during the initial phase of the program (€ 10.000,- in hours), and during the
realization of impact in the final stage of the program (€ 15.000,- in hours). The in-kind
contribution consists of:
- Information exchange about the implementation of regional relevant cases within the
AgquaConnect framework
- Information exchange about innovative projects of the waterboard related to waste
water management, with a specific emphasis on the reuse of wastewater-treatment
effluent and its connection with potential users

See the table below for a specification of the in-kind support:

Bezoehadres: Liemersweg 2, 7006 GG Deelincherm | Postadres: Postbus 148, 7000 AC Daetincham
Tel.: 0314-369 366 | Fax: 0314-343 253 | E-mail: waterschap@wrilnl | Internet: wawowrijnl | Bank: 8367 87,331

Swiftadres; NWABNLZG | IBAN: NLES NWAB 06367573 31 | BTW nummer;: ML 805432755801 | KvK 08212548
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Description Mumber Cost Total Percantage
pricetariff that can be

affributed to the
project

Regional relevant case (initial

stage)

policymaker waste water 43 116 5000 100% WPS

traatment

policymaker surface and ground 43 118 5000 100% WPS

waler

Regional relevant case (final

stage)

policymaker wasie waler 685 118 7500 100% WPS

treatment

policymaker surface and ground 65 118 7500 100% WP5

water

Furthermore Waterboard Rin en lJesel intends to give In consideration an additional
contribution from the innovation program of the Waterkracht waterboards. However, this
requines more tima within the decision-making process of Waterkracht,

Obligatory paragraph by NWO:

We have read and have been fully informed about the application, We state that we will activaly
paricipate in the User Committes (LUIC) established and that we will cemply with the applicable
terms and conditions for participation

Furthermore, we are aware that the abovemantioned project is part of @ NWO Domain TTW
Perspectief programme,

Yours sincerely,

drs. D.J. Kolkman
manager Zuiveringsbeheer en Riolenng

2 van 2
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Wittevoen ou

Wageningen UR
att: prof dr.ir. H. Rijnaarts
Barnse Weilandan 9

GT0BWG Wageningan

Cats 14 July 2020

——— AguaConnect NW3I-TTW

- 117878-T

Mandies By drir. &.F. van Nisuwenhuijzen

Tatepbans / wmll 06 53 82 50 56 / arjenvannieuvwenhuijzen@witteveanbas.com
Sulject Support Agqualonnect

Dear professor Rijnaarts,

Hereioy | daciare on behalf of Wittevean+Baos that we will support the NWO-TTW Perspectief project P19-45
AQUACOMMELT - Climate robust water provision and management for defta regions as described on

i mvsunlfen/research-and-results/programmes /thw/ perspectief, 101 9-2020-p10-45 hitml based on the
activities and topics as described in the July 8, 2020 Phasa 3 Project dascrigtion.

Az Witteveen+Bos, we have taken natice of the conditions for the NWO-TTW-Perzpectief call and have been
informed about your application in this call Wi are very interested in garticipating in this ressancth
programma, focussing on the Dema Sandy soils and the Demo Fresh Water Challenges Amstardam
Matropolitan Area and Morth-Holland

Introduction of Witteveen+Bos

Witteveen=Bos is a company based in the Metharands that provides consultancy and engineering services
worldwide in the fields of infrastrecture. water, the environment. spatial development and construction. Our
multidisciplinary approach 1o projects is the distinctive feature of the way we work. Witteveans8os is
invalved in projects arcund the world to plan and design the urbanizsation of the coming decades.
Sustainable davelopmant necessitates interaction betwaen the spatial development and environmental
duciplines. Witteveen+Bos's specialists in spatial development and environmental issuse: maks a pivatal
contribution through their ability and willingness to look beyond the fences of their own comains. Our
activities range from working in distinct Fields to assuming integral responsibility, but without losing sight of
interfaces with other disciplinas. Our overarching approach produces numerous benafits through close
cooparation between expearts from different parts of cur firm: + Drinking water: + Used water treatment «
Industrial water, + Water managemant; + Circular Rasourcas Recovery.

LT g B |
wgagoerataen’ 15 | 0. Ban 12200 | 1190 A% Ampierden | Tra Mainadends | <37 30 313 55 38 | e aiitweser beiens | Sol JISITTEY
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s 14 July 2020
Ainranse 117878-7
Description of support

Wa are interested in participation In the project, becasuse the integratad spproach and focus of the project -
the development of innovative integrated solutions based on new physical and socetal connections
anabling IAnsvative cireular apgroschad, in which two key enabling technalagy categories -digitsl snd
chamical tachnologies- are combined with innovative water managarment solutions. Especially drought
salinity ralated solutions are of Interest to us since this affecs our daily working practice. As the program
anables tha developmant of new digital and chamical tachnologses and combination in § IMat water-gnd 1o
uie the pubsurface a3 & water battery for storing surplus water and balance the yearly demand of high
quality frash water this fits parfectly. Thase new technologies nasd 1o ba developad in 3 co-creative procets
batwean univarsithas, angineiring companiss, consultants and technology-ruppliens, and will be
demonstrated in four different case-studies in The Netherlands. The demonstration of thase techneiogies
will be facilitated by close cooperation with research institutes, regional suthorities, waterboards, drinking
watar companies and water users. Scientific analysis of the socio-sconomic and legal aspects underlying the
succasshul implemantation of the new digital and chemical technologias in & smart water-grid will fiorm the
basis of puccarsful businass-cazes, that can be scaled up to the whole Nethedands, and imtermaticnally, which
I3 imporant for sur Buiness development

Basides tha scientific challanges, especially tha utilisation possibllities of the daliverables of the project s
impartant drivers for our participation.

Wa will comtribute with EUR 7.500 par year in cash for baing able 1o participats 1o tha total project, aspacially
tha Sandy Soil and MRA Darno cades. and be part of the steering committes, totalling to 8 madmum of EUR
20.000.-~ owvar 4 yaars of tha project durstion.

Furthermore we provida an in-kind contribution of » total of a maxdmum of EUR 25.132 - as specified below:

Tatle 1 In kind contributian

actlvity witimatad e (hi) LA RT (ELA ) eeita U
Prervading Bnalghis in 12 ] 1M
friahwatir cancapes |l

Watarfakriak

Eyutare intdgration and high (1] 1ol &80

Il Gout calcutatiand for
propoied solutiond Sandy
Beili dema cala bnd ML
LN

Eramghohdir managamant 40 1l 4130
wnd CJuality Alduranss

Walus Gaas davabapmant for A 103 &1
Bandy Sodd demo cais end
MRA dire chid

ATIHAER] and Dl patng 4l 103 & B
I Bandy Sadd demis chid snd
MERA e Sidd rllatad

wirkihapi
Sradring commiTed 2 1l 14TT
TOTAL LR

T Mg by NWO b EURICE ke
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Cutu 14 July 2020
Ascare=ca 1 1 ?HTD-T

Youurs sincerely.

Arjen Frans van  foms s .

2 & Datte: 2020.07.14 721733
Nieuwenhuijzen [0

deir. AF van Mieunwenhuijzen
project director

Enciowsrw)
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METHERLAMDS Wageningen Unversity & Research
WATER PARTHMERSHIP suh-dlptﬂ'El'm'rnn | Tachnal
Praf. Dr. Ir. H.H.M. Rijnaarts
P.0. Bax 17

6700 A2 WAGEMINGEN

Subject Suppartletter
Qur ref: 2020-034
Date: The Hague, T September 2020

Dear professor Rijnaans,

The Metherlands YWater Parinership is a network of Dutch organizations i the water secitor with international ambitons.
NWP's members include companies, government agencias, knowledge institutions and NGOz with one commeon goal - fo
join forces for sustainable water solutions worldwide. Adept at matchmaking, NWP is the first point of call for aryene
seeking expertise on water management issues or contact with the Dutch water sector. Given its wide and growing
network, NWP is also the first paint of call for its members in the Metherlands who are seeking expertise and
partnerships internationally.

Baszed on this mandate 1o be a connectar in the Dutch Water Sector and 1o be a catalyst for collaboration amangst
academic, public and private water sector parfies — bath membars and non-mambers, we see graat potential in the Aqua
Connect pragram. We are triggered by all the cbjectives of the Agua Connect, but see a specific role for NW® in the
areas of social and climate scenario simulations, use of digital technologies to identify and verify existing water resources
and the possibilties for freshwater managernent, with 3 particular focus on surface and groundwaber interactions.

As such, WP, hereby commits itsalf to the Aqua Connect program, under the auspices of the NWO-domain TTO. NWP
commits to an in-kind contribution of 80 hours | year for the S-year duration of the program in support of the Aqua

Connect initiative.

Benndenhoutseweg 2 PO Baox B2E7 Chamiber of Cormmeme 77156853 =31 070 J0ETT00

1504 AN The Hague: 2506 EH The: Hagua WAT nurter. NLADSSSE 123601 L g i)

Thiz helhiands 2 heheriands | AR HLES RABO T 31 85 955 nefheraninesterparinershp com | AucPvRErTecio com
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NETHERLANDS
WATER PARTNERSHIP

Description Mumber Cost pricw'tarit  Total
“Projact 00 105 Toa00
Manager

Project Officer | 200 71 14200
TOTAL 3200 24500

Coordination and inveherment for this project within NWP, will ba through Anan Braamskamp, a.braamskamp@nwp nl,
08 B2e44181

W have raad and have baan fully infarmaed aboit the application. We siute that we will sctively participste in the User
Committes (UC) establshad snd that we will comply with the applicabis terms and conditiens for paricpation.

Furtharrnore, we Bré Swane that the abovernentionad prosect is part of 8 NWO Domain TTW Perspectef programmae:
Kind regards,

B.5.J, Nijhaf
Mansging Director
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!‘fﬁ Ministerie van Infrastructuur
sl =0 Waterstaat

Toi Bestuwrsharm

: . - Ciruckis Waterkwaltait,
prof. dr. ir, H.H.M. Rijnaarts Drergi i o Bt

Wageningen UR Al Boder, Craergrand
Bormse Weilanden 9 ur Wadden

G708 WG WAGENINGEN Cne Haag
Prothus 200904
2500 LE Cen Haag

Contaciparseom

DA, Jon ks
oy il mpeciabEhvch
Adtyiheur

T OFO-4saa5asg
M 30820 1l
Subject: Letter of support AquaConnect e ’

alism
¥ wifriwiEibs 2020

Eenmerk
TENWBSK - 2020/ 1T ¥861

Dear prof Rijnaarts,

With this letter I declare on behalf of the Ministry of Infrastructure and Water
Management our interest in and support for your NWO-TTw Perspective project
P159-45 AquaConnect - Climate robust water provision and management for
delta regions,

We have read and have baen informed about your application as described on
werw.mwe.nl/en/research-and-results/programmes/ttw/perspectief/ 2019-2020-
p19-45.html and in greater detail in the proposal and are interested in
participating in this research programme.

The tepics addressed in AquaConnect are urgent and of the highest societal
importance, With almaost half the country situated below sea-level The
Metherands is vulnerable to climate change causing further rise in sea level,
creaping processes of salinization, dry summers, declining ground water levels
and a5 a consequence increasing risks for land subsidence. More and more we
havae to deal with whether extrernes and fluctuations in both river dischargas
flowing through our delta and in ground water lavels.

Vis, among other things, the Delta Program the government has charted
ambitious policy goals for the future in tarms of water supply and demand, and
we have entered into innovative forms of collaborations with residents,
businesses, knowledge institutes, universities and NGOs, under the umbrella of
the Mational ‘Water Plan, Water availability is becoming one of the major
societal challenges that the Nethedands are facing. A reliable and robust water
management system requires innovative and cost-effective measures to
maintain required and highly necessary water lavels for shipping, sufficient
water resources for agriculture, energy production and industry, but alse for
drinking water production, Water is an essantial resource for our aconomy, and
therefore threatening shortages urgently nead to ba addressed by bringing into
play new technologies that will help us enhance water availabilivy, by widening

Pasgra | van J
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the scope of water resources, providing for more efficient use, storage and re-
use of water,

Mew technologies need proof of concept, need to be approved by authorities
and endorsed by economic actors. This requires both adaptation with respect
to culture and governance, financial instruments and water managemeant and
they naed to be upscaled at home and exported abroad. As Ministry, we
believe that the AguaCennect proposal can and will play an important rola in
each of these processes and that the Ministry can play a role in this adaptation.
Having participated in some of the underying programs like WaterNesxus,
COASTAR, Lumbricus and KLIMAR, the Ministry acknowledges the economic
nesds that AguaCannact will address. We see added value and an urgency to
invest in tha AguaCennect program, which will address issues of major concern
in some of tha top econemic areas in the country, including Amsterdam,
Rottardam, the Westland, the high sandy sails in tha East and South of tha
COuNEry.

The AguaConnect research will deliver actionable knowledge on both digital and
chemical tachnologies that will help water availability at societally desirable
levels and novel governance strategies that will allow their rapid uprake. It is
expectad to extend the range of water supply sourcas availabla,

With our support we would in particular contributa to research and activities
dealing with governmental izsues and the international outreach,

Description of support

#s & result, the Ministry of Infrastructure and Water Management confirms we
will contribute the AguaConnect program financially with an in-cash
contribution of 100.000,- eures {5 x 20.000,- auros for the years 2021 up to
and including 2025) inclusive Dutch VAT, This amount will be paid to the NWO
if the application is granted.

In addition we will actively participata in the User Committae (UC) established
and that we will comply with the applicable terms and conditions for
participation. Furthermore, we are awara that the abovementionad projact is
part of the NWO Domain TTW Perspectief programme,

Yours sincaraly,

Elisabath H.5. van Duin PhD M5c

Director Water, Soil and Marine
Ministry of Infrastructura and Watarmanagament

Pt 1 wian J
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regterictar St bdestromen

Wageningen University
t.a.v, dhr. Rijnaarts
Postbus 8129
6700 EV WAGEMINGEN
uw brief : behandeld door - Wouter Quist
uw kmnmerk I doorkiesnummer - 0882481430
ans kenmerk : 2000032739 -l - infolllecheldestromen.nl
(k4] reactie graag dit nummer vermelden) verzerddatum = 3 september 1020
bijlager : grojecthummer ©
anderwerp : Steunbrief Aqualanrect
Middelburg, 2 september 2020
Geachte heer Rijnaarts,

Wij hebben uw verzoek ontvangen ten behoeve van het onderzoeksprogramma AquaConnect,
welke deel uitmaakt van een NOW Domein TTW Perspectief programma. Vamwege strategische

toeht:mstige ontwikkelingen zijn we verheugd over de intentie om dit onderzoeksprogramma op
te starten.

‘Waterschap Scheldestromen beheert het oppeviaktewatersysteem in een deel van Mederland
waar veel gebieden zijn waar geen zoet water aangevoerd kan worden en waar vooral brak wa-
ter aanwezig is. Door de droge jaren 2018 en 2019 is de vraag naar structureel zoet water groot
en is Scheldestromen betrokken bij diverse zoetwaterinitiatieven.

Wij willen de samenwerking graag aangaan en reserveren € 60.000.-- ten behoeve van de cofi-
nanciering aan het 4 jaar durende onderzoeksprogramma AguaConnect voor het doen van onder-
zoek naar een Robuust Watersysteem in Zeeuws-Viaanderen. Daarnaast zijn we bereid 40 uur te
investeren, wat neerkomt op ongeveer € 5.000,-- in natura per jaar.

Hopende u hisrmee voldoende geinformeerd te hebben.

Hoogachtend,

namens het dagelijks bestuur
van waterschap Scheldestromen

——F -
— e
- £
- 1]

J.F.C. de Brouwer
programmamanager Watersystemean
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