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EXECUTIVE SUMMARY 
This document reports on the progress achieved up to month 18 within Work Package 2, focusing 

on the demonstration of circular water strategies in urban and peri-urban contexts. The deliverable 

specifically addresses the outcomes of Task 2.1 (Water Inventory) and Task 2.2 (Implementation 

of Circular Water System Solutions), laying the foundation for future monitoring and replication 

activities. 

The scope of this report is two-fold. Firstly, it details the development of a comprehensive Water 

Inventory, mapping existing water infrastructures, flows, and governance frameworks to identify 

reuse potential. Secondly, it documents the technical design, installation, and initial operation of 

four Circular Water System Solutions (CWSS) demonstrators. The methodology combines 

analytical mapping with practical, site-specific engineering to validate the technical and 

environmental feasibility of circular water management. 

The report provides a consolidated status update for the four pilot sites, each targeting distinct 

challenges in the water value chain: 

 Demonstrator ES-1 (Spain): Located in an industrial area in Riba-roja (Valencia, Spain), 

this pilot focuses on smart water management. Key achievements include the completion 

of industrial water mapping, the development of demand forecast algorithms, and the 

design of a tertiary treatment system to recycle wastewater for industrial and urban uses 

(e.g., cleaning, cooling, irrigation). 

 Demonstrator SLO-2 (Slovenia): Centered in the Ptuj area, this demonstrator integrates 

water purification systems with agricultural reuse. Progress includes the installation of 

treatment units and the initiation of trials for irrigating crops such as strawberries, carrots, 

and onions, alongside meteorological and soil monitoring. 

 Demonstrator B-3 (Belgium/Flanders): This site focuses on optimizing nature-based 

solutions and smart buffering. Activities include the setup of pilot wetland units testing 

different substrates (e.g., gravel, wood chips, biochar) to enhance the treatment efficiency 

of willow fields and the implementation of smart control strategies for water buffering. 

 Demonstrator SWE-4 (Sweden): Based in Visby, this demonstrator aims to develop 

guidelines for microbiologically safe water reuse as well as decision support tools for 

evaluation of water reuse interventions. Work has commenced on developing guidelines 

for water storage and transport, conducting storage trials with various water sources (e.g., 

dairy condensate, rainwater), and creating system dynamics models for decision suppot. 

By M18, the CircSyst water demonstrators have successfully transitioned from planning to the 

initial operational phase, establishing the necessary infrastructure for circular water 

management10. This deliverable serves as the operational baseline for Task 2.3, which will focus 

on long-term monitoring, modelling, and the assessment of environmental and socio-economic 

impacts to ensure scalability and replicability across Europe. 
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1 INTRODUCTION 

This deliverable provides an overview of the progress and outcomes achieved under Tasks 2.1 
and 2.2 of the project’s Water axis. It focuses on the development of a comprehensive Water 
Inventory and the implementation of the four Circular Water System Solutions (CWSS) 
demonstrators. The report captures the advancements made in mapping and analysing existing 
water management systems in urban and peri-urban contexts, as well as the initial setup and 
operationalization of the demonstrators, which aim to validate and showcase innovative 
approaches to circular water management. 

The document integrates both analytical and practical dimensions of the work performed to date. 
It outlines the methodologies used for data collection and system mapping, the technical and 
operational features of the demonstrators, and, when available, the preliminary outcomes of their 
deployment. Together, these activities constitute the foundation for future modelling, monitoring, 
and replication efforts within the project. 

1.1 Scope of the deliverable 

The scope of this deliverable is two-fold. First, it reports on the results and status of Task 2.1, 
which involves developing a comprehensive Water Inventory that maps the current water 
management structures, infrastructures, and flows in selected urban and peri-urban areas. This 
mapping exercise provides a detailed overview of existing practices, technologies, and 
governance frameworks related to water treatment, reuse, buffering, and distribution. 

Second, the deliverable documents the implementation and initial setup of the four CWSS 
demonstrators under Task 2.2. Each demonstrator represents a distinct context and technological 
configuration, addressing key challenges such as industrial water reuse, agricultural application 
of reclaimed water, smart buffering, and microbiological safety. The deliverable thus provides a 
consolidated picture of the initial phase of demonstrator deployment, including site preparation, 
system configuration, and operational initiation. 

Overall, this report establishes the baseline for subsequent monitoring, modelling, and 
performance assessment activities that will be conducted in Task 2.3. It serves as a reference for 
evaluating the effectiveness, scalability, and replicability of the proposed circular water 
management solutions. 
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1.2 Objectives of the demonstrators 

The CWSS demonstrators aim to validate the technical, environmental, and operational feasibility 
of circular water management solutions across different European contexts. Each demonstrator 
is designed to address specific challenges in the water value chain—ranging from resource 
recovery and reuse to smart management and safe distribution—while collectively contributing to 
the project’s overarching goal of fostering systemic circularity. 

Specifically, the demonstrators target:  
(i) optimization of water use and reuse within industrial and municipal systems. 
(ii) enhancement of local water resilience through improved recovery, buffering, and storage. 
(iii) demonstration of safe and efficient reclaimed water use in agriculture.  
(iv) integration of decision-support tools for evidence-based circular water management. 

These objectives align with the project’s ambition to develop replicable and scalable models that 
bridge technological innovation with systemic sustainability. By providing real-world data and 
operational insights, the demonstrators will form the empirical backbone for subsequent analyses, 
including modelling of mass and energy flows, assessment of circular synergies, and evaluation 
of socio-environmental benefits. 

1.3 Methodological approach 

The methodological approach adopted in Tasks 2.1 and 2.2 combines analytical mapping, 
stakeholder engagement, and practical implementation. In Task 2.1, the process began with an 
extensive review and inventory of existing water infrastructures and management schemes 
across the targeted sites. This involved data collection from institutional, industrial, and municipal 
sources, complemented by field assessments and stakeholder consultations to identify water 
flows, treatment capacities, and reuse opportunities. The outcome is a structured Water Inventory 
that provides regional contexts and supports the analysis of the demonstrators. 

For Task 2.2, the implementation methodology followed a stepwise process:  
(i) Technical design and site preparation. 
(ii) Installation and integration of CWSS components.  
(iii) System calibration and initiation of operations. 
(iv) Setup of monitoring protocols.  

Each demonstrator was configured according to its specific context, ensuring representativeness 
across industrial, urban, agricultural, and laboratory settings. 

The methodological framework also ensures alignment with the subsequent data generation and 
analysis tasks. Continuous monitoring of key performance indicators—such as water quality 
parameters, flow rates, and energy balances—will provide the empirical basis for modelling and 
for evaluating replicability and scalability within the broader circular economy framework. 
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2 Overview of demonstrators’ implementation status 
at M18 

2.1 Summary of progress across sites 

2.1.1 Demonstrator ES-1 

By month 18 (M18), significant progress has been achieved in the implementation of 
Demonstrator ES-1, located in Riba-roja (Spain), which focuses on smart water management 
within an industrial area. The demonstrator aims to enhance circularity through improved water 
reuse, intelligent allocation of treated effluents, and integration of advanced monitoring and 
control systems. Activities under Tasks 2.1 and 2.2 have advanced according to the established 
milestones, with some components even exceeding the expected level of maturity for this stage 
of the project. 

Regarding objective (i), the first round of water mapping from industrial sources has been 
successfully completed. A comprehensive assessment of existing water uses, sources, and 
qualities within the Valencian Community and the demonstrators’ site industrial area has been 
carried out, allowing a detailed understanding of flows, treatment capacities, and reuse potential. 
In addition, preliminary designs of demand forecast algorithms have been developed. These 
algorithms will support the optimization of water distribution by predicting industrial demand 
patterns, providing the foundation for the smart management strategy to be implemented in the 
next phase. 

Concerning objective (ii), the design of the additional treatment unit to be connected to the local 
wastewater treatment plant (WWTP) has been finalized. Although full completion of this phase 
was originally planned, the catastrophic floods that occurred in the province of Valencia on 
29 October 2024 severely affected the industrial area where the demonstrator is located, 
affecting severely 100% of the companies in the industrial area, and significantly 
constraining the operation of the WWTP itself as a result. This event prevented progress 
from reaching 100% as initially foreseen. Despite this unforeseen setback, construction and 
installation activities are currently in progress, with approximately 70% of the physical 
implementation completed. The remaining activities relate mainly to the final assembly, 
connection, and commissioning stages. An internal schedule has been established to minimize 
the delay and ensure completion of this phase, with the connection and start-up foreseen for the 
first quarter of 2026. This progress ensures that the demonstrator remains well aligned with the 
project’s overall timeline. 

In relation to objective (iii), the intelligent mixing module has been fully designed. This includes 
the definition of the sensorization strategy both at the WWTP and at the participating industrial 
facilities that will act as water demand points. Moreover, the conceptual design for the 
interconnection between water supply and demand has been completed, setting the basis for the 
automation of the tertiary treatment plant. The selection of hardware units (including sensors, and 
other monitoring and control devices) has also been completed to support the forthcoming 
software development and system integration. The achieved progress is consistent with the 
expected implementation percentages defined for M18, confirming the solid advancement of this 
component. 

Finally, mass and energy flows associated with the demonstrator have been identified and 
characterized, and key quality parameters have been pre-selected. This work establishes the 
technical foundation for developing the CWSS models and subsequent performance 
assessments under Task 2.3. Overall, Demonstrator ES-1 is advancing steadily toward full 
operational readiness, with essential design, integration, and preparatory work successfully 
completed, ensuring a strong position for the next implementation and testing phases. 
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2.1.2 Demonstrator SLO-2 

The SLO-2 demonstrator has made substantial progress by M18 in establishing and testing 
circular water use for irrigation, supported by both technical system setup and extensive field 
experimentation. Initial activities focused on mapping water and wastewater flows, forecasting 
water demand, and reviewing relevant Slovenian and EU legislation related to water reuse. Using 
data provided by Komunala Ptuj, detailed flowcharts and system boundaries were prepared, 
forming the basis for ongoing Life Cycle Assessment (LCA) work. 

A key achievement has been the installation of a complete water purification and distribution 
system, enabling three types of irrigation water to be tested: tap water, ultrafiltered water, and 
ultrafiltered plus reverse osmosis-treated water. Pipelines, purification units, oxygenation tanks, 
and storage reservoirs were fully installed in spring 2025. 

Parallel to infrastructure setup, the Agricultural Institute of Slovenia (KIS) established four 
controlled greenhouse test sites for strawberries, carrots, onions, and peppers. Each greenhouse 
was equipped with drip irrigation, randomized plot layouts, and precise environmental monitoring 
(soil moisture, temperature, air humidity). Additional infrastructure improvements, such as 
infiltration sinks and protective fencing, ensured stable experimental conditions. 

Throughout the first growing season, extensive monitoring and data collection were conducted, 
including water quality analyses (microbiological, chemical, metals, pesticides), soil testing, plant 
growth measurements, crop yield assessments, and vitamin and microbiological analyses of 
produce. Despite initial delays affecting strawberry evaluation, successful full-season trials were 
completed for carrots, onions, and peppers. 

Preliminary results indicate that both ultrafiltration and reverse osmosis consistently produced 
water meeting EU Regulation 2020/741 requirements for irrigation. Early crop results show no 
major safety concerns and generally comparable performance across water types, with some 
crop-specific variations in yield and vitamin content. 

2.1.3 Demonstrator B-3 

Demonstrator B-3 pilot experiments are fully installed and running by M18. The demonstrator 
located in Koksijde (Flanders, Belgium) focuses on optimized treatment, water recovery and smart 
water buffering within an indirect potable reuse scheme. The local drinking water company, 
Aquaduin, uses treated effluent of the municipal wastewater treatment plant of Aquafin (WWTP 
Wulpen) to produce drinking water by means of a membrane filtration system, including 
Ultrafiltration (UF) and Reverse Osmosis (RO). The treated effluent is infiltrated via managed 
aquifer recharge (MAR) in the nearby dunes for drinking water production (Van Houtte and 
Verbauwhede, 2021).  

The RO produces a concentrate stream that needs to be properly treated before discharge. Since 

2022, Aquaduin applies nature-based solutions (NBS) for treatment of the concentrate. The NBS 

is a horizontally constructed wetland combined with short rotation coppice using willows. The 

willow species used, Salix x rubens var. Basfordiana, was selected based on its salt tolerance 

(Van Houtte et al., 2023).  

This demonstrator aims to optimize the treatment efficiency of the wetland and further the water 
recovery of the system. For further optimization of water use and reuse within the integrated 
system of municipal wastewater collection and treatment at Aquafin and drinking water 
purification at Aquaduin, Aquafin explores the applicability of a smart in-sewer buffering strategy 
(Kroll et al., 2018) is explored based on detailed modelling. This strategy aims at combining the 
mitigation of flow variations towards Aquaduins drinking water facility with the reduction of harmful 
discharges of excess sewage through combined sewer overflows towards the environment during 
heavy rainfall. 



 
 
 
 
 

16 

 Funded by the European Union in the framework of Horizon Europe Research and Innovation Programme 

under Grant Agreement No. 101135505 

UK participants in CircSyst project are supported by UKRI Grant No. 10115627 (ISLE UTILITIES LTD) 

 

 

Update and verification of the detailed sewer model required for this evaluation necessitated the 
integration of multiple previously available model version but was successfully completed within 
the projected timing. The resulting models network configuration is analyzed for the identification 
of useful control scenarios as planned. Existing internal tools applicable to this task were extended 
where required. Potential control locations of varying expected control potential were identified. 
These outcomes will form the basis of the design and evaluation of the envisaged control strategy 
following the envisaged planning.  

2.1.4 Demonstrator SWE-4 

For demonstrator 4 (Sweden), water mapping has been completed with key stakeholders in Visby 
to determine when water that is possible to reuse is available, and when water is demanded by 
various users. Based on this mapping and stakeholder discussions, scenarios for reusing water 
or reducing water demand have been developed. This approach forms the basis for the two main 
outcomes of the demo which are (i) guidelines related to microbiologically safe water reuse with 
focus on storage and transport of water, and (ii) a decision support model for evaluating the 
effectiveness of different interventions at reducing the risk of water scarcity. 

During Month 1-18 a pilot laboratory facility has been set up to fit the CircSyst project specific 
demands to enable practical testing of water storage and transport of different water qualities and 
treatment options. Based on the scenarios for reusing water, testing has concentrated on 
condensates from the dairy and rainwater from buildings. Testing of storage of water at different 
temperatures has been conducted. Results show that storage under refrigerated conditions slows 
down microbial growth, but there is still a need for further treatment to enable reuse in e.g. food 
products. This will be elaborated on during the next step of the project. 

From the decision support tool perspective, system dynamics models are being developed on two 
different time horizons. As a first step, a hydrological model is being built using the Raven 
Framework (Craig, et al., 2020) to be able to capture the daily hydrological water balance of Visby, 
including groundwater infiltration and overall water availability. The basic model structure is under 
development, with the next step being model testing followed by calibration. Once operational, 
the model will be fed with demand data from the water mapping work and used to evaluate the 
effectiveness of water savings and reuse measures under different climate scenarios. 

The second model operates on a monthly timestep to assess interventions over extended periods. 
It captures socio-technical interactions within Visby's water system, particularly how water costs 
are distributed among users. An initial causal structure and model boundaries have been 
established, with detailed development now beginning. First stakeholder testing sessions are 
planned for Spring 2026. 
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3 Demonstrator ES-1 (Spain) 

3.1 Water mapping and demand forecasting 

During the initial months of the project, AIDIMME took the lead in coordinating the implementation 
of this task, ensuring that the diverse perspectives of all partners were incorporated. The 
collaborative nature of these interactions has been fundamental in establishing the groundwork 
for addressing the “water mapping” challenge effectively. Based on these discussions, a set of 
initial guidelines was developed to direct the collection of information necessary for the water 
mapping process, including a flow diagram including water sources, demands and water 
treatment and distribution infrastructures, an analysis of both water sources and demands, a 
description of the legislative framework and an analysis of what constraints (use, qualities, 
legislation) could affect the development of the demonstrator. 

In regards of Demonstrator ES-1, the flow diagram was defined as it can be seen in Figure 1. 
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Figure 1: Valencian Community water mapping flow diagram 

As it is shown, the water supply system in the region in which Demonstrator ES-1 is located 
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consists of three main sources: WS1 (surface water and controlled groundwater), WS2 (controlled 
groundwater, sent to the Wastewater Treatment Plant, WWTP, before distribution), and WS3 
(uncontrolled groundwater, supplied directly to agriculture without purification). The latter serves 
the agricultural sector (D1), which has less strict quality requirements, while the other sources 
feed sectors that require treated water. The demand sectors (D) include agriculture (D1), domestic 
use (D2), industry (D3), and urban use (D4). The last three depend on water purified at the 
Drinking Water Treatement Plant (DWTP) to ensure quality for human consumption and industrial 
or urban processes. Additionally, the reuse of treated water from Wastewater Treatment Plants 
(WWTP) is envisioned for D3 and D4, promoting sustainability and efficient resource management 
through water recovery and reuse. 

On the other hand, the regulatory framework to be considered includes European, national, and 
regional legislation. The required water quality parameters for each level were reviewed, along 
with the suitability of the different identified water sources. 

Furthermore, regarding the influence of all the analyzed factors on the Circular Water Systemic 
Solution (CWSS) to be developed within the scope of Demonstrator ES-1, the following 
conclusions were drawn:  

Several parameters were identified as critical to assessing the feasibility and potential success of 
the Circular Water Systemic Solution (CWSS). Among them, water availability plays a major role, 
as climatic variability across regions can significantly affect resource reliability. Legislation and 
regulatory frameworks also have a strong impact, given that regional and national differences 
may influence the implementation of water reuse initiatives. Similarly, the price of water compared 
to reclaimed water strongly determines the economic attractiveness of the system. 

Citizen awareness regarding water conservation was identified as moderately influential, as social 
engagement and behavior directly affect water-saving practices. The replicability of the CWSS 
depends on the presence of comparable ecosystems (such as similar municipalities, industrial 
structures, and treatment infrastructures) making it a medium-impact factor. Meanwhile, the 
industrial water dependency index is highly relevant, since not all industrial sectors rely equally 
on water as a key resource. Finally, infrastructure requirements, including the evaluation of 
existing facilities and the need for new investments, are considered a high-impact factor for 
scaling and replicating the CWSS in other regions. 
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3.2 Additional treatment unit design, installation and start-up 

The project involves designing a demonstrator to assess water circularity and symbiosis within 
an industrial park. Its baseline is the treated water from the Riba-roja del Túria’s Casanova 
Industrial Park wastewater treatment plant, which processes around 49 m³/h of wastewater 
generated by local industries. The plant treats both untreated domestic wastewater and 
pretreated industrial effluents through an activated sludge system with extended aeration, 
producing purified water that is directed into the demonstrator system. 

Therefore, the main objective of the demonstrative plant is to prove that it is possible to meet the 
main water needs of the industrial park—both industrial and urban—through the sustainable 
recycling of treated water from the WWTP. The uses to be evaluated include: 

 Street cleaning water 

 Facility cleaning water 

 Cooling/heating water 

 Process water for industrial activities 

 Irrigation 

 Firefighting water 

To achieve the main goal, the following specific objectives are proposed: 

 Design and construction of a low-cost tertiary treatment system for wastewater from the 
WWTP, incorporating rainwater as a complementary resource. 

 Design of a water management system capable of producing predefined water qualities 
with minimal environmental impact and cost, and in the quantities required by the 
industrial park. 

This demonstrator specifically focuses on the design of the tertiary treatment system. 

Regarding water, the demonstrator tertiary system will process up to three types of water: treated 
effluent from the WWTP, rainwater, and mains water. The primary source will be the treated water 
from the WWTP, supplemented occasionally by rainwater and mains supply. 

On the other hand, rainwater is expected to have low mineralization, and its quality will be 
characterized during the demonstrator’s commissioning phase. The mains water in Riba-roja de 
Turia (Valencia), managed by Hidraqua, meets Spanish and European quality standards and is 
characterized by its high hardness. 

Both a conceptual and a detailed schemes representing the tertiary system to be developed can 
be seen in Figure 2: 
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Figure 2: Demonstrator ES-1 flow diagrams 
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The demonstrator has a maximum treatment capacity of 5 m³/h. The quantities will be determined 
by the water needs of the companies participating in the industrial park. The objective is to obtain 
quantities in real time. There will be 4 target qualities with the following general characteristics: 
 

Quality Code Main Characteristics 

Type C Q1 
According to RD 1085/2024 on water reuse. Disinfected water, 
with moderate suspended solids and turbidity. 

Type A Q2 
According to RD 1085/2024 on water reuse. Low turbidity, no 
suspended solids, significant reduction of bacteria. 

Low Hardness Q3 
Low hardness, reduction of calcium and magnesium, partial 
demineralization. 

Low 
Mineralization 

Q4 
Very low mineralization, almost complete removal of dissolved 
salts and contaminants. 

Table 1: Demo ES-1 target qualities 

Water management procedures 

The general water management rules to achieve the target qualities and quantities in the 
demonstrator are as follows: 
- Maximum rainwater consumption 

- Minimal consumption of nanofiltration and reverse osmosis 

- Minimal mains water consumption 

- Minimal energy consumption 

Consequently, the prioritization of uses and mixtures of water resources to obtain the target 

qualities and quantities is as follows: 

1. Rainwater, prioritizing the production of Q4 and Q3 quality water over Q1 and Q2. 

2. Treated wastewater from the WWTP + rainwater (minimum 5% rainwater). Maximizing the 

rainwater content. 

3. Wastewater treated from the WWTP 

4. Tap water + rainwater (Minimum 5% rainwater). Maximizing the rainwater content. 

5. Tap water + treated wastewater from a wastewater treatment plant (minimum 5% treated 

water). Maximizing the treated water content. 

6. Tap water 

Regarding the identification of water resource availability, rainwater availability will be determined 

by the level in its storage tank. On the other hand, the wastewater treatment plant will be equipped 

with water quality control sensors to assess whether the water can be used as a resource in the 

demonstrator. 

In Table 2, a summary of the treatments to be applied for each quality are shown.  

 

 

Quality Treatments 

Q1 

Tap water, or: 
  
A. Chlorination 
B. Chlorination + Activated Carbon + UV 
C. Activated carbon + UV 
D. Chlorination + Advanced Oxidation 
E. Advanced Oxidation 
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Q2 

F. Chlorination + UF 
G. Chlorination + Activated Carbon + UV + 
UF 
H. Activated carbon + UV + UF 
I. Chlorination + Advanced Oxidation + UF 
J. Advanced oxidation + UF 

Q3 K. UF + NF + Chlorination 

Q4 L. UF + RO + Chlorination 
Table 2: Water treatements to be applied in Demo ES-1 

Additionally, the treated water fluxes obtained will ultimately exhibit the quality parameters 

indicated in Table 3. The physicochemical and microbiological characteristics of the different 

fluxes will comply with quality regulations at all times. 

WWTD (1) Qualities according to treatment 

Parameter Units Q1 (2) Q2 (3) Q3 Q4 

SS (mg/L) 35 WWTD 10 <1 <1 

E. coli  

(CFU/100 ml) 

- 1000 <1 (5) 0 0 

Turbidity (UNT) - - 5 < 0.1 

NTU 

< 0.1 

NTU 

Legionella (CFU/L) - <100 (4) <100 (4) <100 (4) <100 (4) 

Table 3: Quality parameters regarding for treated water in Demo ES-1 

(1) Directive 91/271/EEC. Council Directive of 21 May 1991 concerning urban waste water treatment. 

(2) It corresponds to quality C of RD 1085/2024, table I-4.1 Maximum value for industrial use, except in the 

food business. 

(3) It corresponds to quality A + of RD 1085/2024, table I-4.1 Maximum value for industrial use, except in 

the food business. 

(4) Legionella spp.: Compliance with the provisions of Royal Decree 487/2022, of June 21, is required. 100 

CFU/L is established as a satisfactory result. 

(5) In relation to RD 1085/2024, Table I-4.1 (Maximum permissible value for industrial use, except in the 

food business), the absence of Escherichia coli will be considered to exist when its concentration is less 

than 1 CFU/100 mL. 
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Demonstrative tertiary treatment unit overview 

The demonstrator’s water treatment system is composed of multiple stages to ensure high-quality 

water for various applications. 

1. Storage and Pumping 
Treated water from the wastewater treatment plant is first collected in a pit, which acts as a 
hydraulic regulation and accumulation point. A submersible pump then delivers water to the 
pretreatment system, ensuring a continuous and controlled flow to subsequent units. 

2. Pretreatment 
Physical pretreatment removes suspended solids to protect downstream equipment. Water 
(from the plant, mains, or rainwater, with priority for rainwater) passes through a glass filter 
followed by a mesh filter, ensuring the removal of fine and microscopic solids. 

3. Disinfection 
Pretreated water is disinfected to meet Q1 (quality C) standards in accordance with RD 
1085/2024. The system employs multiple barriers including chlorination, ultraviolet (UV) 
radiation, and optional ozone treatment, ensuring microbiological stability. A dedicated storage 
tank maintains disinfected Q1 water for distribution, filter cleaning, reprocessing, or further 
treatment. 

4. Filtration 
 Advanced membrane filtration produces higher quality water: 

 Ultrafiltration: Removes colloids, bacteria, and suspended solids, producing Q2 (A+ 
quality) water. 

 Nanofiltration: Reduces hardness by partially removing calcium, magnesium, and 
organics, producing Q3 water. 

 Reverse Osmosis: Removes up to 99% of dissolved solids and contaminants, producing 

low-mineralization Q4 water suitable for sensitive applications. 

Each filtration stage includes cleaning-in-place (CIP) systems, buffer tanks, and dedicated 
storage with sensors and hypochlorite dosing for ongoing disinfection. 

5. Rainwater 
Rainwater is collected from a roof (>100 m²) with a first-flush system to remove initial 
contaminants. A vortex filter removes debris before storage in a 2 m³ tank. Post-treatment 
includes chlorination, microfiltration, and activated carbon, and rainwater is prioritized as a 
water source for processing. 

6. Storage and Reagents 
A central storage unit houses water of different qualities (Q1–Q4) and rainwater, along with 
reagents for treatment: 

 NaOH, HCl, NaClO, antiscalant, and sodium bisulfite. 

 Storage capacities: Q1 & Q2: 5 m³ each; Q3 & Q4: 2 m³ each; rainwater: 2 m³. 

The system is designed for flexible water distribution, optimized disinfection, and efficient 
operation of all treatment stages. 

The technologies to provide the four planned qualities will be arranged in 2 containers (disinfection 
and filtration) of 40 feet. 
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3.3 Intelligent mixing module: design and implementation status 

In parallel with the design and commissioning of the flexible tertiary wastewater treatment system, 
the design and implementation of the intelligent mixing module has been carried out. 

The primary objective of this component of the ES-1 demonstrator is to provide the tertiary 
treatment system with the necessary data regarding both the incoming treated wastewater and 
the requirements (both in terms of quality and quantity) of the companies that will reuse the treated 
water. This enables the automated generation of different water qualities, adapting to each 
specific situation that may arise. 

Regarding the WWTP sensorization, the system has been designed to monitor water quality, 
specifically focusing on the parameters required to control the water entering the Tertiary 
Treatment unit and the final discharge, as it is showcasted in Table 4. 

 

Measurement 
Point 

Parameters to be 
Measured 

Key Reference/Limit Values (Discharge 
Limit) 

Plant Inlet 
Ammonium, 
Phosphates, 
Suspended Solids 

Ammonium (Nt): 14 mg/L  
Suspended Solids: 13 mg/L 

Plant Outlet 

COD, Ammonium, 
Nitrates, 
Suspended Solids, 
Phosphates 

COD: 125 mgO/L 

Total Nitrogen: 35 mg N/L 

Total Phosphorus: 2 mg P/L 

Table 4: Parameters to be sensorize in Demo ES-1 WWTP 

On the other hand, the proposed solution will provide a comprehensive control and 
communication system, including: 

 Control Center: An electrical cabinet containing a PLC (Programmable Logic Controller) 

will receive data from all installed sensors. 

 Communication: The PLC will communicate data with the SCADA system and the Pilot 

Control equipment, defaulting to the Modbus TCP or OPC UA protocol (pending 
confirmation). 

 Control Cabinet & SCADA: A PC with SCADA software (e.g., AVEVA Edge 2023 R2 ) 

will be supplied to display sensor data, manage historical logs, and provide alarms 

Regarding instrumentation, the proposal specifies Hach equipment for the instrumentation, with 
different setups for the Plant Inlet and Outlet, as it is detailed in Table 5 

Location Parameter Equipment (Hach Model) Notes 

Plant Inlet 
(Desander/Sand 
Filter) 

Ammonium 
A-ISE sc Probe 

(LXV440.99.1000) 
Ion Selective Electrode. 

Plant Inlet/Outlet Phosphates 
Phosphax sc Analyzer 

(LXV422.99.14001/LXV422.99.
13001) 

Requires the Filtrax unit 
(LXV294.99.01000) for 

membrane filtration and sample 
transport. 
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Plant Inlet/Outlet 
Suspended 

Solids 
Solitax sc ts-line Probe 

(LXV423.99.00100) 

Measures turbidity or 
suspended solids; includes 
mechanical self-cleaning. 

Plant Outlet 
COD 

Measuremen
t 

Uvas Plus sc UV Organic 
Matter Analyzer 

(LXV418.99.50001) 

UV absorbance photometer. 
Can be correlated to COD or 

TOC. 

Plant Outlet 
Nitrate and 
Ammonium 

AN-ISE sc Probe 
Ion Selective Electrode for both 

Nitrate and Ammonium. 

Controllers 

SC1000 
(LXV400.99.

00121 or 
LXV400.99.0

0331) 

Base controller for connecting 
multiple sc probes, with analog 

outputs and a touchscreen 
display accessory. 

 

Table 5: Proposed instrumentation for WWTP sensorization in Demo ES-1 

The communication strategy between the different systems must be clearly defined to ensure 
seamless operation and data exchange. Currently, it is planned to implement communication via 
Modbus TCP or OPC UA, a reliable and widely used protocol for industrial automation. The 
network will adopt a star topology, with PLC and SCADA controllers connected to independent 
switches to optimize performance and minimize potential points of failure. 

Communication will be fully bidirectional, allowing real-time data exchange between all sensor 
systems, including those at the wastewater treatment plant, the tertiary treatment system, and, 
potentially, the water-consuming companies. The Siemens PLC will serve as the central gateway 
between these systems, coordinating data flow, processing information, and enabling automated 
control decisions based on both input from the sensors and the operational requirements of the 
treatment and distribution processes. This configuration ensures that the system can respond 
dynamically to varying water quality and quantity demands, maintaining efficiency and reliability 
across all operational stages. 

Work has begun on the acquisition of the necessary equipment for subsequent assembly and 
commissioning. Communication tests are planned to be carried out even before all the sensors 
are installed, using simulated data to verify system functionality. The installation is scheduled to 
take place between December 2025 and January 2026, with preliminary testing potentially 
starting in December. This approach will allow the team to identify and resolve any issues early, 
ensuring a smoother and more efficient full-scale commissioning once the complete set of sensors 
is operational. 

Status of management system integration 

The transition toward a circular economy requires new tools capable of extending the productive 
life of resources and reducing waste generation. Within this framework, Industrial Symbiosis plays 
a key role: it enables one company or sector to make use of the underutilized resources (such as 
waste, by-products, water, energy, logistics, equipment, knowledge, or infrastructure) generated 
by another, creating mutual benefit while ensuring that resources remain in productive circulation. 

To operationalize this concept, AIDIMME developed SIMBYLAY, a digital platform designed to 
facilitate industrial symbiosis by enabling companies to identify and exchange underutilized 
resources. The tool supports the shift from a linear economy to a circular one by helping 
organizations find opportunities to reuse excess materials, convert waste or by-products into 
secondary raw materials, recover reusable resources (such as waste heat or reclaimed water), 
and access shared auxiliary services and infrastructure. 

SIMBYLAY is built around a network-based methodology that promotes resource exchange 
among companies. The platform guides users through a series of structured steps to detect 
potential synergies, evaluate their feasibility, and foster collaboration. The workflow includes: 
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1. Company Data Collection 

The process begins by registering and geolocating the participating companies. The 
platform gathers key information such as contact details, business activity, address, and 
UTM coordinates. This characterization, combined with spatial localization, allows the 
system to calculate distances between companies—an essential factor for estimating the 
logistical and economic viability of potential synergies. 

2. Identification of Supply and Demand 

Companies indicate which underutilized resources they can offer or require. These 
resources may be material flows (waste, by-products, secondary raw materials) or other 
underused assets such as logistics services, infrastructure, storage space, or specialized 
equipment. 

3. Automated Synergy Matching 

Through a dedicated search engine, the platform automatically proposes potential 
synergies between companies. This feature helps users quickly identify promising 
matches based on resource compatibility, geographic proximity, and mutual interests. 

4. Communication and Contact 

Once potential synergies are identified, the platform provides an integrated chat system 
that enables companies to initiate direct communication, exchange additional information, 
and explore collaboration opportunities. 

5. Feasibility Assessment 

SIMBYLAY incorporates a project-driven module that guides companies through a 
comprehensive feasibility analysis. This includes technical, environmental, economic, 
and market evaluations of the identified synergies, particularly in cases where the 
exchanges require pre-treatment, transformation, or additional processes before 
implementation. 

 

Figure 3: Current SIMBYLAY layout 

This control system developed by AIDIMME will use data from the sensors to make decisions 

regarding the process. In that sense, a new module is being developed to register and manage 

water-related resources within the SIMBYLAY ecosystem, and several of its core components 

are already in operation. The module extends the existing platform architecture and introduces 

dedicated functionalities that support the ongoing capture, classification, synchronization, and 

monitoring of recovered-water resources. 

The Water Demand and Supply Management subsystem is now being integrated, allowing 
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companies to submit their water-consumption needs and register available recovered water by 
type, quality, volume, and geographic location. These records are already being structured using 
standardized data models to ensure seamless interoperability across the platform. 

We are currently advancing the integration with the SIMBYLAY core, reusing common resources 
such as users, companies, locations, and materials classifications. Synchronization with the 
shared database is active, and the system is already able to supply compatibilities and industrial 
synergies between resources. In parallel, the full translation of the SIMBYLAY interface and 
content into English is underway. 

Work is also progressing on the communication layer for sensor-connected companies. We are 
participating in technical meetings to finalize communication protocols, advising on the data 
modeling of sensor outputs, and defining the fields and parameters that will be incorporated into 
the extended templates for water-related resources. 

The development of water-specific extended templates is likewise in progress. These templates 
include parameters such as treatment type, conductivity, pH, temperature, turbidity, and 
additional quality indicators. Fields are being defined with precise data types, validation rules, 
thresholds, and dynamic logic that adapts according to water origin, quality level, and intended 
application. 

On the technological side, the frontend is already being implemented using Angular 19 with 
TypeScript, providing the interactive interface through which companies interact with the system. 
The backend operates through a REST API built with .NET and C#, where the business logic, 
validation routines, and integration services are being deployed. All persistent data is managed 
in SQL Server 2019 or later, ensuring consistency, scalability, and full compatibility with the 
SIMBYLAY ecosystem.  
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4 Demonstrator SLO-2 (Slovenia) 

4.1 Water mapping and demand forecasting 

During the first phase of the project, partners collaborated closely to structure the methodological 

approach for Task 2.1. Following the general guidelines coordinated by AIDIMME, the Demo 

SLO-2 team (KIS, Ptuj, RDAPM) compiled all necessary information for a comprehensive water 

mapping of the area. This process included the development of a flow diagram, the identification 

and classification of water sources (WS) and water demands (D), an inventory and assessment 

of water management infrastructures, and an evaluation of the regulatory framework affecting the 

Demonstrator. 

 
Figure 4: Flow chart for Ptuj area with the integration of Demo SLO-2 

Based on the data collected by Demo SLO-2 partners, the regional water system is characterised 

by a combination of deep-well groundwater sources, smaller industrial and demonstration-level 

water streams, and a diversified set of demand sectors. 

The flow diagram, developed for Demo SLO-2, as shown on figure 4 illustrates: 

 water sources (WS1–WS8), including deep wells used for public supply, groundwater for 

households and agriculture, industrial water streams with partial reuse, and 

demonstration-site process water. 

 treatment and distribution infrastructures, which include the public drinking water supply 

network, wastewater collection systems (both separate and mixed), and the existing 

wastewater treatment and reuse pathways. 

 demand sectors (D1–D4) covering households, agriculture, industry and urban/public 

institutions. 

 critical interconnections, such as the reliance on a single dominant water source and the 

presence of aging cross-river pipelines. 
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The Demo SLO-2 region relies predominantly on a single major water source (WS1) providing 

high-quality drinking water from deep wells. Other sources include groundwater for households 

and agriculture (WS2, WS3), industrial water streams with partial internal reuse (WS4), and 

demonstration-site wastewater (WS6) with measurable physicochemical parameters relevant for 

circular system design. 

Seasonal variations in quantity and quality were assessed and compared with legal requirements, 

confirming overall compliance for existing uses. 

The water demands in the Demo SLO-2 area reflect a strong dominance of domestic users (D2, 

75.8%), followed by industry (D4, 19.46%), public/urban use (D3, 4.74%), and agriculture (D1, 

partially quantified through household/agricultural groundwater use). Consumption patterns 

indicate: 

 Seasonal peaks in summer for households. 

 Lower industrial and urban consumption during August and holiday periods. 

 Stable agricultural needs with limited temporal variability. 

This distribution has implications for the feasibility of reclaimed water uptake. 

As part of the regulatory review, it was determined that Demo SLO-2 must comply with the Water 

Act (ZV-1), Environmental Protection Act (ZVO-2), the EU Urban Wastewater Treatment 

Directive, and EU Regulation 2020/741 on minimum requirements for water reuse. These 

frameworks will determine quality standards, treatment obligations and conditions for safe 

agricultural reuse. 
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4.2 Set-up of the demonstrator 

4.2.1 Komunala Ptuj 

Within the project, our contribution focuses on testing irrigation with treated water supplied by the 
Central Wastewater Treatment Plant in Ptuj. It was decided that 3 types of water will be used for 
irrigation: 

a) Tap water from the Ptuj Water Supply system 
b) Ultrafiltrated (UF) and disinfected (with oxygenation) water from the Central Wastewater 

Treatment plant 
c) Ultrafiltrated (UF) and disinfected (with oxygenation) water combined with reverse 

osmosis (RO) from the Central Wastewater Treatment plant 

The current installation of the pipelines and the water purification system can be seen in Figure 
5. 

 

Figure 5: Map layout of the current installation of pipes and water purification system 

Four crops will be tested with each type of water during the project: carrots, onions, strawberries, 
peppers in four greenhouses with each crop in its own greenhouse. The testing of the crops will 
be carried out by our partners from the Agricultural Institute of Slovenia (KIS). 

The pipelines for all three types of water were placed in the spring of 2025. The colors on Figure 
5 represent: 

 Blue - tap water from the Water Supply System 

 Brown – purified water from the central wastewater treatment plant 

 Yellow – UF and disinfected wastewater 

 Orange – RO and disinfected wastewater,  

 Black – building with the water filtration system for irrigation purposes 

 White – greenhouses 

The installed water purification system for the irrigation testing can be seen in Figure 6. The two 
reservoirs on the right side are for the RO and UF water respectively. On the left side is the main 
operating system. 
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Figure 6: Installed water purification system 

The disinfection, which is carried out through oxygenation, ultrafiltration (UF) and reverse osmosis 
(RO) is conducted in a water treatment device which can be seen in Figure 6. 

 
Figure 7: Oxygenation tank 
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Figure 8: Process Scheme of the filtration system 

The pilot plant is designed for the treatment and preparation of purified wastewater, which is 
then used for irrigation. The water first enters the inlet tank, where it settles and is prepared for 
filtration. From this tank, it flows through the ultrafiltration (UF) unit, which removes larger 
particles, bacteria and other impurities. The resulting UF filtrate is collected in a tank, from 
where it can be used directly or further treated. 

The UF filtrate is additionally treated with ozone or oxygen, which improves water disinfection. If 
necessary, a disinfectant (e.g., peroxide) can also be dosed. Before further treatment, directed 
crystallization takes place, reducing the risk of scale buildup on the membranes. 

To obtain an even cleaner water, the UF filtrate is fed to the reverse osmosis (RO) unit. This 
process separates the water into a very clean permeate and a concentrate, which is discharged 
from the system. The RO permeate is collected in a separate tank. The entire system is controlled 
by an automated control cabinet, which monitors flow rates, pressures, water quality and tank 
levels, ensuring reliable operation. 

The system produces two types of water: UF filtrate and RO permeate, both suitable for irrigation 
depending on the needs of specific agricultural applications. 

The production of UF water started on the 1st of May while RO water started production on the 
5th of May, 2025. 

4.2.2 KIS 

The experimental field was established at the Infrastructure Center Ptuj, which is part of the 
Agricultural Institute of Slovenia (short name: KIS). The experimental fields are located right next 
to the central municipal wastewater treatment plant in Ptuj. Four permanently covered 
greenhouses were established, each dedicated to a different crop species—strawberry, onion, 
carrot and pepper—allowing the technical team to perform proper crop rotation. In these 
controlled environments, a monitorization how irrigation with differently treated municipal 
wastewater influences plant growth and development, soil properties, environmental impact, 
microbiological safety, and the nutritional quality of the harvested produce was carried out. The 
aim was to assess not only crop performance, but also whether food produced with such water 
remains safe and suitable for consumption, and what environmental impact such irrigation 
practices may have. We deliberately included plant species in the experiment to also assess 
potential differences in fruit quality when the fruits are in direct or indirect contact with irrigation 
water. 
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Figure 9: Test field with wastewater treatment plant (Ptuj, Slovenia) 

In the greenhouses, a drip irrigation system designed to allow the arrangement of experimental 
plots according to a randomized block design with four replications was installed. Soil, air humidity 
and temperature are monitored in each greenhouse separately using precise sensors. Soil 
temperature and moisture are measured every 10 cm down to a depth of 60 cm. The data from 
these sensors are used to determine irrigation doses, which are applied autonomously with the 
help of programmable timers. 

 
Figure 10: Meteorological sensors in tunnel 



 
 
 
 
 

35 

 Funded by the European Union in the framework of Horizon Europe Research and Innovation Programme 

under Grant Agreement No. 101135505 

UK participants in CircSyst project are supported by UKRI Grant No. 10115627 (ISLE UTILITIES LTD) 

 

 

 
Figure 11: Trials layout 

Due to initial problems with water accumulation in front of the greenhouses during heavy rainfall, 
infiltration sinks were constructed, successfully resolving the issue. The area was fenced, and the 
inner greenhouse zone was additionally protected with an electric fence to prevent damage 
caused by wildlife. 

 
Figure 12: Construction of sinks in progress 
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4.3 Monitoring and data acquisition 

4.3.1 Komunala Ptuj 

Analysis of the water from the Water Supply System and from the Central Wastewater Treatment 
plant have been carried out to provide compliance with the standards set out in the EU Regulation 
2020-741 on minimum requirements for water reuse. Currently testing is being conducted to 
analyse the contents of the water in terms of metals, drugs and pesticides. Regular 
mycrobiological and chemical testing is carried out to ensure no disruptions during the irrigation 
process. 

4.3.2 Plant Monitoring 

To monitor plant growth and fruit quality parameters, we have completed the first of two planned 
growing seasons. Strawberries were not evaluated in the first year due to delays in the installation 
of the filtration system and for the other three plant species, the trial proceeded as planned. 
Before planting (March 2025), we sent a soil sample for comprehensive chemical analysis. We 
performed a basic analysis using the Al method, an analysis of the soil’s water retention capacity, 
and checked for the presence of ten heavy metals (Cadmium (Cd), Chromium (Cr), Copper (Cu), 
Nickel (Ni), Lead (Pb), Zinc (Zn), Arsenic (As), Cobalt (Co), Molybdenum (Mo) and Mercury (Hg)). 

 
Figure 13: Soil sampling for water retention capacity (left) and 
soil sampling for chemical analyses (right). 

 

Each greenhouse was fertilized with briquetted fertilizer, the soil was prepared, and ridges were 
formed. These ridges (except for carrots) were covered with foil, under which we installed drip 
irrigation lines. The paths between ridges were covered with agrotextile. The length of each plot 
was 8 m, and the ridge width was 0.5 m. A single-row planting system was used for all plant 
species. 

For all plant species, we conducted microbiological analyses for the presence of E. coli, 
Enterococcus sp., Listeria monocytogenes, and Staphylococcus aureus. We also analyzed the 
content of vitamins A, B2, B6, B9, C, and E. 

4.3.2.1 Strawberries 

Strawberries of the Clery F1 variety were planted in summer 2024 according to technological 
requirements. Each plot contained 55 plants, of which 40 were designated for measurements. 
Maintenance work was carried out until the end of the year (irrigation with tap water, removal of 
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flowers and runners, pest and disease control). In spring 2025, the plants were cleaned and 
prepared for the growing season. As mentioned, strawberries were not evaluated this season due 
to delays in the filtration system installation. Nevertheless, we harvested them and freeze-dried 
part of the yield as commemorative gifts for participants of the GA project meeting in Slovenia in 
June 2025. 

 
Figure 14: Ripening of strawberries at Demo SLO-2 

4.3.2.2 Carrots 

Carrots of the Laguna F1 variety were sown directly on ridges in April 2025. In June, we 
performed two height measurements at three points on each plot. All technological procedures 
were carried out regularly. Some damage was caused by wildlife, but only in protective areas of 
the trial. In early August, carrots were harvested; on each plot, we weighed 70 roots, measured 
the diameter at the midpoint, and recorded the length of each root. Samples from each plot were 
sent for microbiological and vitamin content analysis and frozen for further analyses (primary and 
secondary metabolites). 

 
Figure 15: Pulling carrots at Demo SLO-2 

4.3.2.3 Onions 

Onion seedlings of the Ptujska rdeča variety, a Slovenian native variety maintained by the 
Agricultural Institute of Slovenia, were grown from seed. They were transplanted into the 
greenhouse in April, with 55 plants per plot, of which 40 were included in measurements. In May 
and June, we measured plant height (from soil to the tip of the tallest leaf). Regular technological 
procedures for pest and disease control were carried out. In early August, when the onions 
reached technological maturity, they were harvested and left to dry completely. In the second half 
of August, measurements were taken: each onion’s diameter and weight were recorded. Samples 
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from each plot were sent for microbiological and vitamin analyses and frozen for further analyses 
(primary and secondary metabolites). Onions were also placed in storage, where their storage 
capacity is being evaluated at regular intervals. 
 

 
Figure 16:Before pulling onions at Demo SLO-2 

  

 
Figure 17: Measurement of onion diameters 

4.3.2.4 Peppers 

Peppers of the Enix F1 variety were sown in March for seedling production and transplanted into 
the greenhouse in May, with 19 plants per plot, of which 15 were included in measurements. In 
June, we measured plant heights on each plot. Harvesting marketable fruits began in mid-July; 
fruits were counted and weighed, and rotten fruits were recorded. The final harvest was carried 
out in early October. In total, 11 harvests were made, each on the same day of the week. Samples 
for microbiological analysis were collected in the first and second half of the harvesting season, 
and vitamin content analysis was performed in the second half. Samples from each plot were also 
frozen for further analysis (primary and secondary metabolites). 
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Figure 18: Before harvesting peppers at Demo SLO-2 

  



 
 
 
 
 

40 

 Funded by the European Union in the framework of Horizon Europe Research and Innovation Programme 

under Grant Agreement No. 101135505 

UK participants in CircSyst project are supported by UKRI Grant No. 10115627 (ISLE UTILITIES LTD) 

 

 

4.4 Preliminary results 

4.4.1 Komunala Ptuj 

4.4.1.1 Ultrafiltration 

As testing began in May, we can see that for ultrafiltration (UF) microbiological analysis and other 
parameters important for water reuse consistently showed that the wastewater was purified 
enough for irrigation. Other parameters were also tested throughout the year, but not enough data 
has been gathered to show any consistency. 

 
Table 6: Microbiological analysis (Reservoir UF filtrate) 

Similar trends occur for the water from reverse osmosis (RO). The microbiological analysis and 
other parameters important for water reuse consistently showed that the wastewater was 
purified enough for irrigation. Other parameters were also tested throughout the year, but not 
enough data has been gathered to show any consistency.  

 
Table 7: Microbiological analysis (Reservoir RO filtrate) 

4.4.2 KIS 

4.4.2.1 Onion 

Statistical analysis of individual onion weights and average diameters did not reveal any 
statistically significant differences between the tested water quality types. Microbiological values 
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were within permissible limits. The content of vitamin B2 was statistically significantly lower in the 
treatment with tap water compared to the treatment with purified water from ultrafiltration. 

 
1 

2 

 
3 

 

Figure 19: Average weight of one content (graph 1), average onion bulb diameter (graph 2), and B2 content (graph 

3) 

4.4.2.2 Carrots 
The average root diameter was statistically significantly higher in the treatment irrigated with water 
from ultrafiltration. A similar trend was observed in total yield; however, the difference was not 
statistically significant. The content of vitamin E was highest in the treatment with tap water, but 
due to larger standard deviations, the difference was not statistically confirmed. Microbiological 
values were within permissible limits. 
 

  
1  
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3 
Figure 20: Root diameter carrots (graph 1), 
average yield of 70 (graph 2), and vitamin E 

content (graph 3) 

 

 

 

4.4.2.3 Pepper 
At the beginning of the trial, plant height in the treatment irrigated with ultrafiltration water was 
statistically significantly lower compared to the other treatments. Later, plant growth leveled out. 
A similar trend was observed in total yield, which was also lowest in the ultrafiltration water 
treatment; however, due to larger standard deviations among replicates, the difference was not 
statistically significant. The content of vitamin C was highest in the treatment with tap water, but 
again, due to larger standard deviations, the difference was not statistically confirmed. 
Microbiological values were within permissible limits. 

 
1 

 
2 

 
3 

Figure 21: Plant height on beginning of the trial 
(graph 1), total yield (graph 2), and vitamin C 
content (graph 3) 
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5 Demonstrator B-3 (Flanders) 

5.1 Water mapping and baseline assessment 

As part of the water mapping, Aquafin provided a general description of the WWTP Wulpen, an 
inventory of the overflows in the upstream sewer system, processed rainwater data, as well as 
the WWTP’s effluent data. Aquaduin provided a description of the reuse of wastewater effluent 
and concentrate disposal. This information fed into the process flow diagram of the demo (Figure 
22-A). 

The water production system at Aquaduin, referred to as WPC Torreele (Figure 22-B), operates 
on incoming treated effluent from the WWTP Wulpen of Aquafin, which has a capacity of 
105,144 m3/day, and is treating the wastewater of an agglomeration with the size of 95,700 PE 
(population equivalent). In practice, the incoming wastewater flow can vary a lot due to rain events 
and coastal tourism, with an average of 21,200 m3/day, a minimum of 2,700 m3/day and a 
maximum of 103,500 m3/day (data of 2020-2023). 

The current production capacity of WPC Torreele amounts 2.4 million m³/year, whereas the 
permitted volume corresponds to 2.9 m³/year with an extra groundwater extraction capacity of 1.5 
million m³/year.  

Over the past 5 years (2019-2023), 2.32 million m³/year was infiltrated. With an average intake of 
effluent of 3,21 million m³/year, WPC Torreele reaches a recovery of 72,3%. This means that on 
average 0.9 million m³/year is discharged, of which 74,5% is RO concentrate. Since 2022, almost 
all RO concentrate has been treated by the willow field (Figure 22-C). 

In 2019, a year with an average annual rainfall, Aquaduin took 50% of the total amount of effluent 
Aquafin produced. This amount will vary according to meteorological circumstances. 

To produce infiltration water, chemicals are needed in the process, mostly to avoid biofouling and 
scaling. In the period of 2019-2023, on average 288.8 tons were used yearly, 60.3% being 
sulphuric acid and 32.6% sodiumhypochlorite. 

Since the combination of water reuse and managed aquifer recharge started (2002), the 
extraction of natural groundwater substantially lowered (44% or 1.2 million m3/year in the 2 
existing dune water catchments St-André and Westhoek). 

Freely available rain data in the catchment area of the WWTP was gathered and processed to 
gain insight into the monthly, yearly and seasonal variation in rainfall within the area. The WWTP’s 
effluent data of the year 2023 was processed to gain insights into the distribution of effluent flows 
to Aquaduin, the polder and the canal, its day-to-day variations and its within-day variation (see 
Section 5.4.2. for more details). 
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A) 

 
 
B) 

 
 
C) 

 
Figure 22: A) Flow diagram of catchment of WWTP Wulpen and treatment at Aquaiduin. B) Basic scheme 
of the treatment installation at Aquaduin ‘Torreele’ C) basic scheme of the horizontal flow wetland as applied 
at the Aquaduin site. 
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Additionally, legal and regulatory frameworks were analysed. Demo 3 has contributed to the 
inventory of regulations applicable to the region of Flanders, Belgium, ensuring that the gathered 
information supports the broader objectives of the project (Table 8). 
 

Regulatory 
framework 

Brief description 
How it affects  

Demo 3 

Water Framework 
Directive (WFD) 

Setting out rules to halt deterioration in the 
status of EU water bodies and achieve good 
status for Europe’s rivers, lakes and 
groundwater. 

The Flemish 
Environmental Agency 
(VMM) developed the 
Wezer tool. It is a 
roadmap to assess 
whether a discharge 
has impact on the 
quality of the receiving 
watercourse 

Urban Wastewater 
Treatment 
Directive 
(UWWTD) 
(91/271/EEG) 
 

Infiltration water has to meet drinking water 
standards except for nitrate, nitrite, ammonia 
and phosphorus. 
The UWWTD requires Member States to ensure 
that urban areas collect and treat wastewater 
which would otherwise pollute rivers, lakes and 
seas. Separate discharge parameters for WPC 
Torreele.  

Determining quality of 
WWTP effluent in 
Flanders, thus by 
extension of the intake 
water for WPC 
Torreele. 

VLAREM - Besluit 
van de Vlaamse 
regering van 1 juni 
1995 houdende 
algemene en 
sectorale 
bepalingen inzake 
milieuhygiëne 
(VLAREM II) 

Translation of the UWWTD into the Flemish 
landscape. Its objective is to prevent and limit 
nuisance, environmental pollution and safety 
risks caused by nuisance installations. The 
Environmental Permit Decree and Order 
establishes the procedures to be followed 
regarding the environmental permit. The 
substantive environmental provisions are 
included in VLAREM II and III, among others. 

Defines the permitting 
tools including max 
flow, quality standards 
for infiltration, 
discharge, ... 

Table 8: Overview of regulatory frameworks relevant to Demo 3 in Flanders, Belgum (regional and 

European scope). 
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5.2 Set-up of the demonstrator 

As demo leader and knowledge partner, VITO has coordinated the kick-off of the demo together 
with the other partners, Aquaduin and Aquafin. The Technical Steering Committee meetings are 
held every 3 months, as suggested by the project management guidelines, and other ad-hoc 
meetings are planned regularly to check on the progress of the demo. 

5.2.1 Optimize treatment of the willow field 

The first period was dedicated to planning and defining the demo, including the design of the pilot 
setup and the experiments to be executed. The pilot wetland that was built aimed to explore the 
optimization of the current full-scale system in Koksijde. The following workplan was elaborated: 

 Design of pilot setup (Jun 2024 – Dec 2024): A commercially available IBC container 
(1-m3 mobile unit) was chosen as setup. VITO was responsible for the technical design 
in consultation with Aquaduin. 

 Plan of experiments (Jun 2024 – Feb 2025): The experimental setup is based on a 
literature study performed by VITO. The main goal is to test 4 different substrate media 
to optimize the performance of the constructed wetland. 

 Execution of engineering works (Sep 2024 – Jan 2025): VITO’s Engineering team was 

responsible for the building of the pilot setups and its fittings and connections. 

The second period was dedicated to finetuning the design and kickstarting the operation of the 
pilots, mainly referring to the four 1-m³ horizontal flow units replicating the full-scale constructed 
wetland in Koksijde. The pilots test four alternative substrate materials for optimization of the 
treatment process. These are: 

1. A benchmark gravel-filled wetland that aims to resemble the full-scale wetland at 
Koksijde (Pilot 1, ¡Error! No se encuentra el origen de la referencia.23). 

2. A wetland with woodchips for addition of carbon to drive N removal that appears 
currently limited by biologically available COD (Pilot 2, ¡Error! No se encuentra el origen 
de la referencia.4). 

3. A wetland with a biochar layer for improved removal of pharmaceuticals (Pilot 3, Figure 
25). 

4. A wetland with a seashells layer for better P removal (Pilot 4, Figure 26). 

The following activities have been conducted in the second period: 

 Finish design of pilot setup (Feb 2025 – Mar 2025): VITO’s Engineering team built the 
first pilot setup in consultation with Aquaduin. After its delivery onsite, Aquaduin was re-
sponsible for finishing the design of the three remaining pilots. 

 Installation onsite (Mar 2025 – Apr 2025): VITO and Aquaduin installed the four pilots 
onsite, foreseeing all the necessary connections (e.g., piping, tubes, valves, …), filling-in 
the containers with the test substrate media according to the design layers, and planting 
the cuttings of the willow trees from the full-scale system. The installation required a 
considerable amount of work and several site visits. 

 Kickstart operation of pilots (Apr 2025 – Jun 2025): Once fully installed, VITO and 
Aquaduin started the regular operation of the pilots. 

In the third period, regular meetings about the wetlands were held with Aquaduin and Aquafin to 
further improve the demo setup. Several improvements and optimisations to the pilot setup have 
been implemented: 

 Improvements to the influent control and measurement of effluent (Jun 2025 – Sep 
2025): An improved influent control system was installed to ensure the HRT can be 
effectively controlled. Also effluent volumes are now monitored using a setup of tipping 
buckets adjusted to the low velocity flows. 

 Regular operation (Jun 2025 – present): Aquaduin is responsible for the daily operation 
of the pilots, with support of VITO. Aquafin provides support for lab analysis of the 
collected samples. 
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Figure 23: Demo 3, Pilot 1 – Benchmark 
comparison with the full-scale system (test 
substrate – gravel).  

 
Figure 24: Demo 3, Pilot 2 – Benchmark 
comparison with the full-scale system (test 

substrate – wood chips).  

 
Figure 25: Demo 3, Pilot 3 – Benchmark 
comparison with the full-scale system (test 
substrate – biochar). 

 

 
Figure 26: Demo 3, Pilot 4 – Benchmark 
comparison with the full-scale system (test 
substrate – seashells).  

 

5.2.2 Smart water buffering 

In the first period, the information gathered for Task 2.1, especially WWTP effluent monitoring 
data and the inventory of overflows, was fed into the in silico smart water buffering by identifying 
opportunities and risks. A first investigation of the pre-existing sewer model leading up to the 
WWTP Wulpen was performed to assess its suitability. 

The second period focused on model update, correction and verification: updating the pre-
existing sewer model based on plausibility checks, including wastewater profiles, pump 
characteristics, additional infrastructure relevant to this project (e.g., WWTP) and the total water 
balance. 

During the third period these sewer model adjustments were finished and validated, now also 
including, e.g., model corrections based on real-life combined sewer overflow information. 
Plausibility checks of the existing urban drainage network model of the catchment of Wulpen, 
Veurne, De Panne, Koksijde and Nieuwpoort were finalized e.g. for wastewater profiles, 
extraneous water, pump characteristics, additional infrastructure relevant to this project (e.g., 
inclusion of hydrodynamically relevant WWTP assets) and the total water balance. Where 
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required, input data sets were corrected and extended, e.g. for more realistic dry weather profiles 
and spatially variable rainfall. Model verification with the aim of asserting the model’s suitability 
and significance for the analysis of control potential and the design of the envisaged control 
strategies has been successfully completed.  

The next phase – scenario exploration for control potential – has already commenced in 

consultation with VITO and Aquaduin, and this work will continue in the next period. Although the 

design of the smart buffering control strategy is conceived as in silico experiment, all relevant 

steps especially for – but not limited to – scenario exploration and potential operational 

consequences are regularly discussed and agreed upon with both VITO and Aquaduin to ensure 

real-life applicability of any potential outcomes of this demonstrator. 
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5.3 Monitoring and data acquisition 

The monitoring plan for the pilot experiments was designed in the first and second periods. In 
collaboration with another EU project (NBRACER), VITO has executed the monitoring of the 
current full-scale system at Aquaduin (Apr 2024 – Apr 2025) to use the data as baseline for the 
development of the pilot experiments. 

Continuous monitoring has been implemented in the third period, according to the following 
activities: 

 Kickoff monitoring and sampling (Apr 2025): VITO installed automatic samplers onsite 
for continuous monitoring of the pilots. Samples of the influent and effluent of each four 
pilot units are taken daily and mixed into a weekly composite sample. 

 Continuous monitoring (Apr 2025 – present): Once the pilots were under regular op-

eration, a continuous monitoring campaign takes place for a period of min. 1 year (possi-
ble to extend). 

 Laboratory analyses (Apr 2025 – present): VITO provides analyses for basic water 

quality parameters (Chemical Oxygen Demand - COD, Total Nitrogen - TN, Ammonium 
- NH4, Nitrite - NO2, Nitrate - NO3, Total Phosphorus - TP) for weekly samples. Aquaduin 
has installed in-situ measurements for parameters related to the process follow-up (flow 
rate, pH, temperature, electroconductivity). Aquafin supports with expert analysis of 
micropollutants (namely, pharmaceuticals) for monthly samples. 

 Data analysis and results interpretation (Apr 2025 – present): VITO is responsible for 
gathering the data and interpreting the results. 

 Report the data (Apr 2025 – present): VITO reports the data and communicates the 
project results to the remaining partners. 

  
Figure 27: Demo 3, Pilot overview – Four pilots installed on site with the automatic samplers for continuous 
monitoring. (Caption: Left – Pilots 4 and 3 with respective autosampler to the left; Influent buffer and control 
(blue vessel. Right – Pilots 2 and 1 with respective autosampler and tipping buckets setup to the left.)  

  

https://nbracer.eu/
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5.4 Preliminary results 

5.4.1 Optimize treatment of the willow field 

Preliminary results show no COD removal, or rather an increase in COD (between 10-20%) 
(Figure 28), most likely as a result of biomass growth. The woodchip wetland (Pilot 2) shows a 
large increase in COD due to the addition of woodchips. Nonetheless, the results meet 
expectations as COD removal was not specifically targeted in the pilots. 

Nitrogen removal is high for the gravel and woodchip wetlands (Pilots 1 and 2) (Figure 29). In 
particular, the woodchip wetland shows good TN removal of nearly 60%. Thereby, meeting the 
expectation for increasing N removal as the woodchip provide biodegradable COD for 
denitrification. It is unclear why the gravel wetland has consistently higher N removal compared 
to the biochar and seashells wetlands (Pilots 3 and 4). 

In all experiments, P removal is around 20% (Figure 30). It is known that P removal in wetlands 
is limited. The wetland with seashells (Pilot 4) was specifically designed for enhanced P removal. 
Even though, effluent show the lowest P concentrations in Pilot 4, enhanced TP removal cannot 
be observed on average over the sampling period. Further investigation is required to understand 
the adsorption dynamics of P by the seashells. 

For micropollutants (pharmaceuticals), samples are taken for analyses on a monthly basis. 
However, only two samples have been reported so far. It is hence too early to include these in 
the preliminary report. 
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Figure 28: Chemical Oxygen Demand (COD) 

removal in the experimental constructed wetlands. 

 
Figure 29: Total Nitrogen (TN) removal in the 
experimental constructed wetlands.  

 
Figure 30: Total Phosphorus (TP) removal in the 

experimental constructed wetlands.  

 

 

5.4.2 Smart water buffering 

The water mapping for Task 2.1 yielded interesting information showcasing the potential of smart 

buffering in the sewerage to increase the water reuse by Aquaduin by (i) diurnal profile of 

influent/effluent flows, (ii) seasonal flow variations, and (iii) a number of regularly acting combined 

sewer overflows. 

¡Error! No se encuentra el origen de la referencia.shows the daily in- and outgoing flows of 

WWTP Wulpen. The treated effluent is directed towards Aquaduin firstly, who usually take in 

between 8,000 and 10,000 m3 per day. Excess effluent that Aquaduin cannot take in, is 

discharged to the polder next. When the polder water level is sufficiently high, the remaining 

effluent is discharged to the nearby canal Plassendale-Duinkerken. Clearly, these in- and 

outgoing flows can differ greatly day by day. 

Apparent in Figure 31 are the high peaks in influent flows. These peaks indicate the potential of 

smart buffering in the sewage system to distribute the influent flow more evenly and subsequently 

to purify higher effluent volumes to infiltration and drinking water by Aquaduin. In 2023 the daily 

influent volume of WWTP Wulpen was only close to or less than the daily effluent volume that 

can be treated by Aquaduin in the periods May-June and September-October. Notably, 2023 was 

an exceptionally rainy year, thus it is safe to assume there is a risk of having less WWTP influent 

than the flow Aquaduin can treat on each day during an “average” summer period between May 

and October. 
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Figure 31: Averaged daily flows of total effluent of WWTP Wulpen, and eflfuent to Aquaduin, the polder and 

the canal.  

When reviewing the effluent flow rates per hour of the day in 2023 (Figure 32), the total effluent 

flow rate clearly varies throughout the day, with the lowest flow rates observed from 2h00 to 9h00 

in the morning and the highest flow rates from 12h00 to midnight. This variation of the total effluent 

flow rates throughout the day demonstrates the potential of smart buffering to equalize the influent 

flow rate over the course of a day. More equalized influent flow rates might benefit the (biological) 

wastewater treatment process, inducing a more constant effluent quality, which in turn can benefit 

the production of infiltration and drinking water by Aquaduin. 

 

Figure 32: Boxplot of the (hourly averaged) total effluent flow rates per hour of the day in 2023 for total 
effluent or influent. Boxes denote the first to third quartile with median; whiskers the minimum and maximum 
and x the average flow rate.  



 
 
 
 
 

53 

 Funded by the European Union in the framework of Horizon Europe Research and Innovation Programme 

under Grant Agreement No. 101135505 

UK participants in CircSyst project are supported by UKRI Grant No. 10115627 (ISLE UTILITIES LTD) 

 

 

Finally, the catchment area of WWTP Wulpen contains 42 combined sewer overflows (CSO). No 

exact data on the number or volumes of actual overflow events are available. Seven CSOs in the 

system are, however, known to overflow frequently (i.e., on average 7 times per year), with 

estimated volumes ranging from 85 to 80,000 m3 per event and a sum of these estimated volumes 

of 104,395 m3. Smart buffering in the sewage system has the potential to (partly) avoid these 

overflow events, eliminating their ecological damage to the receiving surface water, and in the 

end increasing the total influent volume of the WWTP. Influent that is no longer lost via overflows 

can then be treated and becomes available for the production of drinking water by Aquaduin. 

The existing sewer model of the WWTP catchment area needed to be extended and adjusted to 
be suitable for smart buffering control. This work included addition of the WWTP (hydraulically), 
adjustments such as implementation of more detailed pump characteristics, hydraulic 
characteristics of rising mains, model topology corrections where required, and finally model 
validation. It was decided not to add the existing WWTP effluent buffer of Aquaduin to this model 
as this buffer holds no additional control potential. 

The preliminary scenario exploration for control potential yielded none to limited control potential 
on existing buffer volumes outside the sewerage – namely upstream stormwater buffers and 
downstream WWTP effluent buffer of Aquaduin. The identification of control potential at the 
WWTP influent works and upstream sewer system required a model-based analysis.  

Model quality was ensured and improved before detailed screening for control potential. 
Plausibility checks of the existing urban drainage network model of the catchment of Wulpen, 
Veurne, De Panne, Koksijde and Nieuwpoort were finalized e.g. for wastewater profiles, pump 
characteristics, additional infrastructure relevant to this project (e.g., WWTP) and the total water 
balance. Where required, input data sets were corrected and extended, e.g. for more realistic dry 
weather profiles and spatially variable rainfall. Model verification with the aim of asserting the 
model’s suitability and significance for the analysis of control potential and the design of the 
envisaged control strategies has been successfully completed. Examples of selected periods of 
modelling results for spatially variable rainfall based on 2 rain gauges for the year 2024 are shown 
in Figure 33 (winter) and Figure 34 (summer) for flows at WWTP influent and 3 pumping stations 
directly feeding into the influent pit of the WWTP. 
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Figure 33: Model verification: simulated vs monitored flows at WWTP influent and 3 pumping stations directly 
feeding into the influent pit of the WWTP; winter, slight overestimation at WWTP influent  

 
Figure 34: Model verification: simulated vs monitored flows at WWTP influent and 3 pumping stations directly 
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feeding into the influent pit of the WWTP; summer, good agreement at WWTP influent. 

As can be seen, the finalized model tends to overestimate flows in winter but shows good 
agreement for WWTP influent in summer ensuring that both heavy system loading during wet 
periods and water stress during dry periods can be adequately tested during control scenario 
development.  

To analyze the control potential of the urban drainage network previously internally at Aquafin 
developed IT-tools following the philosophy of relevant scientific literature (Dirckx, Thoeye, et al., 
2007; Schütze, Erbe, et al., 2004) have been applied to the model. As results indicate higher 
control potential further upstream in the catchment than directly at the wastewater treatment plant 
influent (indicated by low upstream CSO volumes for locations with high carry-on flow at the 
pumping stations in Figure 35 and 36 for the modelled output for year 2024), focus for control 
strategy development may shift towards these regions. More specifically, PS “Sfinxweg” and 
“Kattesas” (K000009500 and 201KO02_N136 in Figure 36) may play a more important role in 
scenario analysis than initially anticipated, directly to WWTP influent feeding PS “Hansensslaan” 
and “Proostdijk” (95VE07_1268 and 95VE07_1325 in Figure 36). Final conclusions will, however, 
only be able to be drawn after detailed analysis. 

 
Figure 35: Model-based control potential analysis: network layout and total CSO volumes and median 
hydraulic loading (filing ratio) at puming stations for the year 2024  
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Figure 36: Model-based control potential analysis: network topology – Sankeey diagram of total carry-on 
flows at pumping stations and WWTP influent for the year 2024 
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6 Demonstrator SWE-4 (Sweden) 

Demonstrator 4 consists of several components with the aim to develop: (i) guidelines related to 
microbiologically safe water reuse (with focus on water storage and transport) and (ii) a decision 
support model for evaluating the effectiveness of different water savings and reuse interventions. 
The workflow and relationships are shown in Figure 37. 

 
Figure 37: Workflow and relationships between different parts of Demonstrator 4 

For the decision support model, the scenarios and interventions of interest can be broad and 
concern not only water reuse, but also water savings measures and water supply side increases. 
The guidelines aspect will be mainly concerned with reuse which are conceptualised as a 
sequence of interconnected steps. It begins with identifying the source of water—such as 
rainwater, process water from dairy operations, or greywater from residential areas. The next 
stage involves applying appropriate technologies to treat, store, and distribute this water so that 
it meets the required safety and quality standards. Finally, the use of reclaimed water is 
determined by fit-for-purpose criteria and risk assessments, ensuring compliance with food safety, 
environmental, and public health requirements. 

 
Figure 38: Conceptual flow for water reuse in the Visby demonstrator, illustrating the three main stages: 
identifying the water source; applying treatment, storage, and transport technologies; and defining the 
intended use based on quality and safety criteria. The two guidelines are designed to focus on the red-

framed and yellow-framed areas, respectively.  

This simplified chain—Source → Technology → Use—provides a clear framework for designing 
circular water systems in the demonstrator, supporting the development of practical guidelines 
and decision-making tools that enable safe and efficient water reuse. 
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6.1 Water mapping and dynamics 

To develop water reuse and savings scenarios, an understanding of water use in Visby was 
necessary. Water mapping was conducted with key stakeholders to establish both seasonal and 
daily water demand patterns, as well as to identify when alternative water sources are available. 
A broad overview of water use on Gotland is presented in the regional water supply plan 
(Länsstyrelsen i Gotlands län, 2018). This, however, does not capture the level of detail needed 
for scenario development, so further stakeholder engagement was conducted to find this detail. 

Visby is a popular summer tourist destination and consequently water demand varies seasonally 
with tourism. Analysis of daily water use in Visby shows that peak water demand aligns with peak 
tourist times. This also coincides with the months the region is most likely to face water shortages 
based on historic reporting. Overnight stays of tourists for all of Gotland are shown in Figure 39. 

 
Figure 39: Average number of overnight stays in Gotland per month from 2015 to 2024. Data from 
Tillväxtverket and SCB.  

Regarding residential water use, approximately 20% of Visby’s population lives in housing owned 
by the housing company GotlandsHem. This makes GotlandsHem a significant stakeholder in 
Visby’s water system, including having the opportunity to reduce water demand through 
distributed water saving and reuse technologies on their properties. Using end-use data from 
Svenskt Vatten and the average Gotland residential use of 130 liters/day (Region Gotland, 
2025a), GotlandsHem's total water use is divided into different categories as shown in Figure 40. 
GotlandsHem has already implemented some water saving measures in their properties which 
are described further in Section 6.2.  

The municipal water supply in Visby also serves several industrial facilities, including Arla Foods 
AB’s dairy. At Arla's Visby facility, water is primarily used for cleaning systems (cleaning-in-place, 
or CIP), cooling, and steam generation, as shown in Figure 40. The main product at the facility is 
milk powder, which generates a large flow of milk condensate that has been separated from the 
incoming milk during evaporation. Some of the milk condensate generated is used in the CIP 
system to reduce water consumption. 
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Figure 40: Sankey diagram of main water flows at Arla’s Visby facility  

Milk condensate is generally produced continuously, with flow rates (typically 10 to 20 m3/hr) 
depending on whether one or two production trains are running and the type of feed material (milk 
versus milk concentrate). On the demand side, water requirements for the CIP system are highly 
variable, as CIP runs periodically based on different cleaning needs throughout the process. While 
hourly water demand for CIP is variable, most processes run multiple times daily, resulting in 
demand being balanced out over a 24-hour period for regular operations. Some variation occurs 
over longer timeframes for certain cleaning processes. Annual variation in incoming milk products 
affects condensate production, with a 10–20% decrease in the fourth quarter compared to the 
first two quarters. This, however, does not impact municipal drinking water demand over the year. 
Water quality aspects for this sector are discussed in Section 0. 
 
Another industrial facility using municipal water is Protos' slaughterhouse in Visby. At Protos, 
water is used in various operational processes including cooling systems, steam systems, and 
cleaning. Figure 41¡Error! No se encuentra el origen de la referencia. shows the average h
ourly water use for each day of the week. Clear patterns emerge depending on daily activities. 
Based on these patterns and operational knowledge, the average demand for various site 
departments (such as packaging and meat processing) can be inferred. Nonetheless, exact 
volumes for each water end-use such as cleaning or cooling cannot be distinguished from daily 
water use data and further work would be required to establish this. Section 6.3.2.2 discusses 
water quality aspects in this sector. 
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Figure 41: Hour to hour variation in water demand at Proto’s Visby Slaughterhouse 

Global average temperatures continue to increase, with the Arctic region experiencing higher-

than-average warming. In Sweden, average temperatures increased by 1.7°C during 1991–2019 

compared to the pre-industrial period (1860–1900). For the same periods, mean annual 

precipitation increased from approximately 600 mm/year to 700 mm/year (Naturvårdsverket, 

2022). A similar trend appears in historical precipitation data from Visby (data from SMHI), where 

mean annual precipitation increased by approximately 70 mm/year (from 487 to 556 mm/year) 

when comparing 1860–1900 with 2005–2024 (excluding 2012 and 2017 due to missing data). In 

southern Sweden, increased precipitation during winter and autumn has significantly contributed 

to the observed annual increase (Chen, et al., 2020). However, given the geological conditions 

on the island, the groundwater storage capacity is low. Further, parameters beyond annual 

precipitation are important for groundwater recharge, including rainfall intensity, ground 

permeability, and evaporation (Djurberg, 2025). 

The monthly mean precipitation for Visby is shown in Figure 42 (data from SMHI). Large monthly 

variations exist, as illustrated by error bars showing standard deviation. Lower precipitation has 

historically occurred in spring and early summer. In recent years, multiple consecutive dry months 

during this period have occurred. In 2018, total precipitation in Visby during April, May, and June 

was only approximately 23 mm, and in 2023 rainfall was approximately 27 mm for the same 

period. 

 
Figure 42: Mean precipitation per month for the years 2005-2024 (excluding 2012 and 2017 due to missing 
data). Data from SMHI 
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6.2 Scenarios of interest to for testing in the demonstrator 

Potential water-saving scenarios have been identified through discussions with project partners 

and via the water mapping conducted in Task 2.1. For reference, key water sinks are shown in 

Table 10. The scenarios include interventions within circular use, demand reduction, and supply 

increase. 

Company Use Volume (m3/year) 

GotlandsHem 

(Visby only) 

Personal hygiene 121 000 

Toilet flushing 60 000 

Washing dishes 30 000 

Laundry 30 000 

Food and drinks 20 000 

Other 20 000 

Arla CIP (final rinse) 33 000 

CIP (acid + base) 27 000 

Other use including COP 34 000 

Evaporator system startup 22 000 

Steam and other softened water use 45 000 

Cooling  27 000 

Protos Total use 65 000 

Table 9: Water sinks identified during water mapping with project stakeholders 

When developing scenarios, planned investments by the region for Visby's water supply were 

captured, as these have a significant impact on the overall water balance of the system. These 

investments include renewal of piping in Visby's city center, upgrading the drinking water plants 

in Visby outer areas (Region Gotland, 2025), and rebuilding the drinking water plant in southern 

Visby, including a new water reservoir (Region Gotland, 2025). The region is also exploring 

additional alternatives to secure future water demand, including different options for new water 

sources such as finding new groundwater sources, evaluating dams for storage, using treated 

wastewater, and additional desalinated capacity. Currently, desalinated water from the brackish 

water plant is only pumped and distributed in southern Gotland, but the region has considered 

extending this to supply Visby with desalinated water as well (Region Gotland, 2025). During 

discussions with the region, additional interest was expressed in understanding the geophysical 

water balance on the island, particularly the effect of withdrawals from open reservoirs (surface 

water) on groundwater levels. On the demand side, the impact of different water savings 

measures is also of interest. 

The housing company GotlandsHem has expressed interest in multiple water-saving solutions. 

GotlandsHem have already installed technical water-saving measures in part of their housing 

stock, including low-flow faucets, individual metering and debiting (IMD) for apartment water 

usage, and rainwater harvesting systems. In one example GotlandsHem observed a 40% 

decrease in water use attributed to IMD, but the effectiveness of this intervention is expected to 

decrease as residents’ sensitivity to water price changes over time. The vast majority of 

GotlandsHem's housing stock will undergo pipe replacement in the upcoming decade. These 

renovations could create a great opportunity for installation of various technologies that would be 

significantly more expensive if renovations were not already occurring, for example greywater 

systems or vacuum toilets. Furthermore, IMDs will be installed in all apartments undergoing pipe 

replacement and in all new apartments. Additional rainwater harvesting and reuse is also of 

interest to GotlandsHem. 

Regarding industrial water use, there is considerable opportunity for reuse of milk condensate 

from Arla’s dairy. This includes reuse at Arla’s facility for the CIP system and other softened water 

systems after treatment to appropriate quality levels. This would still leave a large volume of milk 
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condensate that could be used in other applications with or without treatment (see Section 0). 

Considering the individual stakeholders planned interventions and expressed interests, scenarios 

of interest for the project have been developed. These are divided into three categories: circular 

use, demand reduction, and supply increase, all of which would have an impact on the overall 

water-availability-demand-balance in Visby. An overview of interventions is listed in Table 10. 

 

 Circular use Use reduction Supply increase 

Municipal 

  Seasonal prices  

 Information 

campaigns 

 Desalination 

 Seasonal 

reservoir 

management 

Industry 

 Reuse of milk 

condensate 

(industrial or 

residential) 

  

Residential 

sector 

 Greywater 

recycling  

 IMD 

 Eco showers 

 Low-flow taps 

 Vacuum toilets 

 Rainwater 

harvesting 

 

Table 10: A selection of interventions of interest for scenario assessment. 
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6.3 Water storage trials 

6.3.1 Selection of “source” for the water storage trials 

As outlined in the conceptual framework for water reuse (Figure 38), the water storage trials were 
designed to explore key steps within the “Technology” stage of the Source–Technology–Use 
chain. Different combinations of water types, treatment options, and storage conditions were 
selected to reflect realistic scenarios identified in Section 6.2 and to generate data that will inform 
the technical guidelines for safe and efficient reuse. We made a priority decision to start with the 
following combinations: 

Dairy: Reuse of condensates was chosen because this water type is generated constantly and at 
large volumes, see Figure 40. Moreover, data on quality variation over time and location in the 
dairy process is scarce and it is needed to be able to draw general conclusions that could be 
useful in the guidelines that will be produced in the final part of the project. The first experimental 
testing was done using refrigerated and ambient storage with no extra water treatment since this 
is the easiest and cheapest alternative that could be implemented rather easily in the dairy. It was 
also the preferred option to start with from the dairy.  

Residential sector: Rainwater capture was chosen because this is a water stream that is already 
used today by GotlandsHem and many others, but there is little data on the effect of storage. At 
first, we were testing refrigerated and ambient storage to see if cooling is needed or if it is enough 
with ambient storage with no extra treatment.  

6.3.2 Water classes and water quality demands for different sectors in 
the demo  

Literature on the microbial quality of different water types after storage was reviewed for the dairy, 
slaughterhouse and residential sectors. 

6.3.2.1 Food industry – Dairy 

In the dairy industry, water reuse is increasingly promoted as a strategy for enhancing 
sustainability and reducing reliance on potable water. EU Regulation (EU) 2020/741 (EU, 2020) 
provides a general framework for water reuse, emphasizing water quality, monitoring, and risk 
management. Complementing this, the Codex Alimentarius Guidelines for the Safe Use and 
Reuse of Water in Food Production and Processing (CXG 100-2023) (Joint FAO/WHO Codex 
Alimentarius Commission, 2023) introduce a risk-based, fit-for-purpose approach tailored to food 
safety contexts. These guidelines include a dedicated annex for milk and milk products, offering 
practical recommendations for assessing and managing water reuse in dairy operations.  
 
Codex classifies reused water based on its intended use and associated risk, rather than fixed 
quality thresholds. Water is categorized by its contact level with food (e.g. direct, indirect, or non-
contact) and must meet microbiological and chemical safety criteria appropriate to that use. For 
example, reused water for cleaning surfaces that come into contact with food must meet stricter 
standards than water used for cooling equipment.  

In Sweden, the national sector code for hygienic production of milk products at the dairy, includes 
an annex on water reuse at dairies that follow a similar fit-for-purpose model (LRF Mjölk, 2025). 
The revised industry guidelines propose five main water classes: 

1. Drinking Water 
Water that meets the quality requirements in the drinking water regulations LIVSFS 
2022:12 (Livsmedelsverket, 2022). Can be used for all purposes. Typical examples 
include municipal drinking water and treated surface or groundwater from a private 
source. 
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2. Water of Drinking Water Quality 

May be used as an ingredient in all products, for all direct or indirect contact with dairy 
products and product-contact surfaces on dairy processing equipment, as well as for 
disinfection and final rinsing of product-contact surfaces on processing equipment, tanks, 
vessels, pipelines, valves, and utensils. Typical examples include: reclaimed drinking 
water and ROP water with documented drinking water quality. 

3. Water Suitable as an Ingredient in Certain Products 

May be used as an ingredient or on surfaces that may come into contact with food, 
provided that the product undergoes a process sufficient to reduce any microbiological 
risks to an acceptable level (e.g., pasteurization). 
This water may also be used for mixing cleaning chemicals and rinsing (except for the 
final rinse) of product-contact surfaces on processing equipment, tanks, vessels, 
pipelines, valves, and utensils. Typical examples include: water originating from product 
condensate, reclaimed water of class 1 or 2, RO-treated water, and water that undergoes 
ROP treatment before use. 

4. Water Suitable for Surfaces Not in Contact with Product 
May be used for cleaning non-product-contact surfaces (floors, walls, ceilings, the outside 
of pipelines and process equipment). Typical examples include: water originating from 
UF permeate (from whey and milk), permeate from product rinsing, used RO water, 
reclaimed water of classes 1 to 3, and water that undergoes RO treatment before use. 

5. Other Technical Water 
Must not be used as an ingredient or otherwise come into contact with food or open 
surfaces in food premises. Other technical water may be used in closed systems without 
food contact (e.g., the media side of heat exchangers/energy recovery) or for water use 
outside the food premises, such as for hosing down/coarse cleaning. Other water does 
not include water that has been in contact with the sewage system (e.g., from sinks, 
toilets, and floor drains), as this is not suitable for recycling in connection with food 
production. Typical examples include: reclaimed water from classes 1–4 and water 
originating from sources suitable for classes 1–4 as described above. 

6.3.2.2 Food industry – Slaughterhouse 

In slaughterhouses, water reuse is subject to stringent regulations due to the high hygiene and 
food safety requirements of meat processing. While EU Regulation (EU) 2020/741 (EU, 2020) 
primarily addresses agricultural irrigation, its principles—such as minimum water quality 
standards and risk management—are increasingly relevant for industrial applications.  

Like the dairy sector, the Codex Alimentarius guideline (Joint FAO/WHO Codex Alimentarius 
Commission, 2023) is applicable for slaughterhouses, meaning that reused water must meet 
microbiological and chemical safety criteria appropriate to its application—whether for cleaning 
equipment, cooling systems, or sanitation.  

The Codex guideline does not list numbered classes but instead requires: 

 Hazard analysis for each water source and use. 

 Validation of treatments (e.g., filtration, disinfection). 

 Monitoring and verification within a food hygiene system. 

In Sweden, the Environmental Code provides the overarching legal framework, emphasizing 
precaution, sustainability, and the protection of human health and the environment. Reuse of 
process water in slaughterhouses is typically limited to non-contact applications unless validated 
treatment processes and HACCP-based systems ensure safety. National guidelines increasingly 
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align with Codex principles, encouraging risk-based assessments and multiple-barrier strategies 
to mitigate contamination risks. 

6.3.2.3 Residential sector 

In the residential sector, the standards and legislation governing reused water vary depending on 
its intended use. At the EU level, Regulation (EU) 2020/741 (EU, 2020) sets minimum 
requirements for the safe reuse of treated urban wastewater, primarily for agricultural irrigation, 
including water quality classes and risk management provisions. However, reuse of greywater 
and rainwater within households is not yet harmonized across the EU and is subject to national 
regulations. In Sweden, water reuse is regulated under the Environmental Code, which 
emphasizes precaution, sustainability, and resource efficiency. Local municipalities oversee 
small-scale wastewater systems, and any reuse initiatives must comply with public health and 
environmental protection standards. 

6.3.3 Pilot design and setup 

As part of the Visby demonstrator, a previous existing pilot facility has been redesigned and 
modified to fit the project specific demands, similar to a realistic full-scale solution, to enable 
practical testing of the “Technology” stage in the Source–Technology–Use framework (Figure 38). 
The new developed design, shown in Figure 43, provides a flexible platform where the three sub-
components—Upgrade Treatment, Storage, and Transport—can be evaluated under controlled 
conditions. 

 
Figure 43: implified principal design of the pilot facility (right), with different possible upgrade-treatment 
options (middle), and a and the picture of the pilot (without upgrade-treatment) (left). 

The Upgrade Treatment area (highlighted in yellow) allows for the installation and testing of 
different treatment technologies, such as tempering, reverse osmosis (RO), UV disinfection, and 
other advanced treatment options. At the present stage (month 18): Circulation (Still or 
Circulated); Temperature (Refrigerated, ambient or heated); UV (254 nm) and Chlorination have 
been successfully implemented.  

The Storage component is represented by the dedicated tank system, enabling trials under 
varying conditions (e.g., temperature, retention time) to assess microbial stability and water 
quality over time. In addition, multiple twenty-liter containers have been acquired to enable parallel 
and separate water storage experiments, see Figure 44. 

The Transport aspect focuses on the safe distribution of water with different qualities in shared 
pipework—a key challenge addressed in Guideline 2. The pilot includes a recirculation loop 
designed to study cleaning procedures, biofilm development, and the concept of “water quality 
memory.” These tests will provide insights into how previous water qualities influence subsequent 
flows, for example through biofilms, and what measures are needed to minimize risk when reusing 
pipes for multiple water types. 
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Figure 44: Twenty-liter containers used for water storage experiments 

Different upgrade-treatment techniques were evaluated theoretically during the design process to 
identify suitable candidates. The initial list included: Circulation (Still or Circulated), Temperature 
(Refrigerated, ambient or heated), UV (254 nm), RO, RO + UV (185 nm), Ozone, Chlorination, 
and MBR.  

From this original list, appropriate candidates were selected and compared through a preliminary 
techno-economic analysis, with results presented in Figure 45. 
 

 
Figure 45: Preliminary techno-economic comparison of selected upgrade-treatment options under two cost 
scenarios. The left chart shows estimated costs for Year 1 and Years 2–15 in a low-cost scenario, while the 
right chart illustrates the same for a high-cost scenario. Treatments evaluated include UV (254 nm), 
Chlorination, Cooling (Tempered), RO + UV (185 nm), and Ozone. The size of the storage vessel in 

comparison was chosen to be 20 m3. 

In addition to having time-resolved monitoring of flow and volumes in the pilot, there was a need 
to better integrate with the findings on temporal dynamics (see Section 6.1), time-resolved 
assessment of water quality is desirable. While most physical and chemical quality parameters 
can be tracked today using standard online sensors, biological parameters remain challenging, 
as conventional methods rely on off-line laboratory-based sampling. To address this, the pilot has 
been temporarily equipped with an at-line flow cytometer for time-resolved microbiological 
measurements in the water phase, to be compared with traditional laboratory data. These 
enhancements enable detailed observation of microbial dynamics, even though direct links to 
quality thresholds and automated control will not be established. 

 

6.3.4 Results from storage trials 

Experiments with water storage were done using the pilot facility and chosen combinations of 
water types and treatments based on information gathered during the water mapping and 
scenario construction, see Section 6.3.1.  

Trials were conducted to test the pilot facility equipment and to generate results on microbiological 
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growth during storage at 10°C and room temperature for different types of water (Figure 44): 

 Rainwater collected from roof of RISE building in Göteborg, Sweden 

 Tap water (Municipal water, surface water source) 

 Process water (two different untreated samples from milk evaporation processes) 

Waters were collected and stored in 20-liter containers for 14 days. Samples were analyzed using 
standard chemical and microbiological tests performed by Eurofins. In addition, RSE performed 
microbiological testing using flow cytometry and DNA sequencing (data analysis in progress). 
Results for total count of culturable aerobic microorganisms (total count) show that the rainwater 
has a high microbial load from the start (approx. 4 log cfu/ml) and that this level was basically 
unaffected during the 14-day-period. There was a slight tendence for higher levels in the samples 
stored at 22°C compared with the samples stored at 10°C (Figure 46¡Error! No se encuentra el 
origen de la referencia.). Moreover, the tap water and condensate samples stored at 22°C 
started showing microbial growth after 2-4 days and grew to approximately 4.5 and 6 log cfu/ml, 
respectively. Tap water stored at 10°C grew slower, but ended up at the same level after 14 days 
as the tap water stored at 22°C. The condensate stored at 10°C grew very slowly and had only 
0.5 log cfu/ml after 14 days of storage. 

 
Figure 46: Results from storage experiment with tap water, two different condensates from Arla and 
rainwater collected from a building roof in Sweden. Water samples were stored at 10°C and 22°C (RT) for 
14 days. 

A second trial using milk condensate and steam condensate from Arla and tap water (municipal 
water from RISE lab in Göteborg). Results show (Figure 47): 

 Growth started after max 1 day in samples stored at room temp 

 Product condensate and tap water reached high levels of microorganism for samples 
stored at room temp 

 Steam condensate remained at low microbial levels during the trial 



 
 
 
 
 

68 

 Funded by the European Union in the framework of Horizon Europe Research and Innovation Programme 

under Grant Agreement No. 101135505 

UK participants in CircSyst project are supported by UKRI Grant No. 10115627 (ISLE UTILITIES LTD) 

 

 

 
Figure 47: Results from storage experiment with tap water and two different condensates from Arla. Water 
samples were stored at 10°C and 22°C (Room temp) for 14 days. 

The chemical and microbiological results for the condensates were compared with selected 
thresholds for the different water classes defined in the Swedish Dairy Sector Code (LRF Mjölk, 
2025) to assess the possibilities for reuse within the dairy  (Tables 11, 12 and 13). Some 
challenges were identified (e.g. high iron and low pH), especially if the water is to be classified as 
class 1 or 2. 

 
✅ = Meets requirement, ❌ = Does not meet requirement 

Table 11: Water quality assessment for condensate #1 after storage for 0 and 14 days at 10 and 22°C. 
Quality parameters and thresholds from the Swedish Dairy Sector Code for Hygienic Production of Milk 

products at the dairy. 

 
✅ = Meets requirement, ❌ = Does not meet requirement 

Table 12: Water quality assessment for condensate #2 after storage for 0 and 14 days at 10 and 22°C. 
Quality parameters and thresholds from the Swedish Dairy Sector Code for Hygienic Production of Milk 
products at the dairy. 

Parameter Condensate #1 after 0 days of storage after 14 days of storage

Storage at 10°C Storage at 22°C

Class 1 Class 2 Class 3 Class 4 Class 5 Class 1 Class 2 Class 3 Class 4 Class 5 Class 1 Class 2 Class 3 Class 4 Class 5

Microbiology ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ❌ ❌ ❌ ✅ ✅

Iron (Fe) ❌ ❌ ✅ ✅ ✅ ❌ ❌ ✅ ✅ ✅ ❌ ❌ ✅ ✅ ✅

Copper (Cu) ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅

Manganese (Mn) ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅

Sodium (Na) ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅

Calcium (Ca) ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅

Magnesium (Mg) ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅

pH ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅

Turbidity ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅

Parameter Condensate #2 after 0 days of storage after 14 days of storage

Storage at 10°C Storage at 22°C

Class 1 Class 2 Class 3 Class 4 Class 5 Class 1 Class 2 Class 3 Class 4 Class 5 Class 1 Class 2 Class 3 Class 4 Class 5

Microbiology ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅

Iron (Fe) ✅ ✅ ✅ ✅ ✅ ❌ ❌ ✅ ✅ ✅ ❌ ❌ ✅ ✅ ✅

Copper (Cu) ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅

Manganese (Mn) ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅

Sodium (Na) ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅

Calcium (Ca) ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅

Magnesium (Mg) ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅

pH ❌ ❌ ✅ ✅ ✅ ❌ ❌ ✅ ✅ ✅ ❌ ❌ ✅ ✅ ✅

Turbidity ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅

COD-Mn ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅
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✅ = Meets requirement, ❌ = Does not meet requirement 

Table 13. Water quality assessment for condensate #3 after storage for 0 and 14 days at 10 and 22°C. 
Quality parameters and thresholds from the Swedish Dairy Sector Code for Hygienic Production of Milk 
products at the dairy.  

 
  

Parameter Condensate #3 after 0 days of storage after 14 days of storage

Storage at 10°C Storage at 22°C

Class 1 Class 2 Class 3 Class 4 Class 5 Class 1 Class 2 Class 3 Class 4 Class 5 Class 1 Class 2 Class 3 Class 4 Class 5

Microbiology ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ❌ ❌ ❌ ✅ ✅

Iron (Fe) ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ❌ ❌ ✅ ✅ ✅

Copper (Cu) ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅

Manganese (Mn) ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅

Sodium (Na) ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅

Calcium (Ca) ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅

Magnesium (Mg) ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅

pH ❌ ❌ ✅ ✅ ✅ ❌ ❌ ✅ ✅ ✅ ❌ ❌ ✅ ✅ ✅

Turbidity ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅

COD-Mn ✅ ✅ ✅ ✅ ✅ ❌ ❌ ❌ ✅ ✅ ❌ ❌ ❌ ✅ ✅
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6.4 Decision support model 

System dynamics models will provide decision support for evaluating water savings and reuse 
interventions. Two complementary models, operating at daily and monthly timesteps respectively, 
are being developed through stakeholder dialogue to test the scenarios identified with the 
stakeholders. 

The daily timestep model will be used for establishing how dynamics in weather and water 
demand impact groundwater scarcity risk when different interventions are used. By including 
water demand aspects in the model, and operating at a daily timestep, the model can be used to 
assess if interventions such as rainwater harvesting or seasonal reservoir management strategies 
effectively reduce scarcity during consecutive dry months. These insights will help stakeholders 
allocate capital toward the most impactful interventions. Hydrological components of the model 
are based on the Raven Framework (Craig, et al., 2020), with the model development nearing 
testing and calibration in the coming months. 

The monthly model will be used to assess how interventions affect the water system over longer 
timescales, representing the socio-technical system with particular attention to cost distribution 
among different users. A preliminary causal loop diagram capturing key feedback mechanisms 
has been developed as the foundation for the quantitative model of Visby's municipal water 
system. Model boundaries that distinguish between internal calculations and external forcing data 
have been defined shown in Figure 48¡Error! No se encuentra el origen de la referencia.. Work 
on the quantitative model will begin in coming months with an aim to evaluate the model with 
stakeholders in spring to summer 2026. 

 
Figure 48: Bullseye diagram showing what is included, external to and excluded from the model scope 
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7 Summary of status at M18, detected deviations and 
next steps 

The following information can be seen resumed in Table 14. 

During the first 18 months of the project, the demonstrators have achieved significant progress in 
their respective areas. ES-1 (Spain) completed the mapping of industrial wastewater and the 
design of algorithms; although the floods of October 2024 delayed construction, the additional 
treatment unit has reached 70% physical completion. SLO-2 (Slovenia) finished installing the 
purification infrastructure in spring 2025 and carried out greenhouse irrigation trials in full 
compliance with EU regulations. B-3 (Belgium) has its potable-reuse and wetland pilot systems 
fully operational and has also validated sewer network models to support smart-management 
strategies. SWE-4 (Sweden) completed water-system mapping, established a pilot laboratory for 
storage-related testing, and is advancing the development of hydrological and system-dynamics 
models to support decision-making. 

On the other hand, no deviations have occurred in Demonstrators SLO-2, B-3, or SWE-4. 
However, Demonstrator ES-1 was affected by the catastrophic floods that struck the province of 
Valencia on October 29th, 2024. The flooding, which covered more than 56,000 ha, devastated 
the industrial park’s infrastructure, impacted all companies located there, and directly affected the 
WWTP hosting the demonstrator, severely limiting its operation. As a result, the initial meetings 
had to be postponed, delaying all tasks related to work planning, the identification of companies 
to be engaged in the demonstrator, and the design of the tertiary treatment plant. This led to a 
delay in the original schedule, preventing the tertiary system from being fully built and connected 
to the WWTP as initially planned. As noted above, despite this unforeseen setback, construction 
and installation activities are currently underway, with approximately 70% of the physical 
implementation completed. The remaining work mainly concerns final assembly, connection, and 
commissioning. An internal schedule has been established to minimize delays and ensure 
completion of this phase, with connection and start-up foreseen for the first quarter of 2026. This 
progress ensures that the demonstrator remains well aligned with the project’s overall timeline. 

Finally, the following next steps have been defined for the four demonstrators: 

- Demonstrator ES-1: During the next months, construction of the demonstrator 
(specifically the tertiary treatment plant) will advance, with the first module expected to 
be ready for connection to the WWTP during the first quarter of 2026 and subsequently 
entering operation, followed by the connection of the second module (T2.2). In parallel, 
the required sensors for automation will be defined and procured, and the software for 
the “smart water management system” will be adapted to dynamically adjust treatment 
according to demand. Together with the collaborating companies, the key water-quality 
parameters for each use case will be established, enabling the selection of appropriate 
sensors (T2.2). These steps will pave the way for the first real-life tests, which will 
complement the ongoing demand simulations (T2.3). 

- Demonstrator SLO-2: Preparations for the new growing season will begin in early spring 
with an inspection of the irrigation system. Onion and pepper seedlings will be cultivated 
and transplanted into pre-prepared greenhouses when temperatures are suitable, while 
strawberry plants will be cleared of dead leaves to prepare for vegetation. Carrot sowing 
will also take place, and, as in the previous season, plant growth will be monitored. In 
May, a strawberry yield assessment will be conducted. Due to delays in the filtration 
system setup, strawberries were irrigated with purified water for a shorter time than 
planned, which delayed their evaluation in the first season, though all other activities 
proceeded as scheduled. Monitoring of water quality (UF, RO, and tap) will continue 
throughout the season, focusing on microbiological, chemical, and physical parameters, 
including pesticide, pharmaceutical, and PFAS testing to ensure irrigation safety 

- Demonstrator B-3: Within the next months, Aquaduin and Vito will continue the tests 
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with IBC’s and look for an alternative substrate in pilot 2 (IBC2), now woodchips, where 
the plants are not growing. The pilot for treatment of the effluent of the NBS willowfield 
will be prepared and probably started up by the end of this period. Aquafin will continue 
its work on smart water buffering in the sewer system to achieve a more equal feed over 
the WWTP to the water reuse plant. More specifically the next period will be dedicated to 
a scenario exploration for control potential. This scenario exploration and the potential 
operational consequences are regularly discussed and agreed upon with both VITO and 
Aquaduin to ensure real-life applicability of any potential outcomes of this demonstrator. 

- Demonstrator SWE-4: Experimental work with assessment of dairy condensates and 
rainwater under different storage conditions will continue, including assessment of 
different treatment options. Results and conclusions will ultimately be summarized in a 
guideline on storage of water of different qualities. The decision support models will 
continue to be developed with calibration and testing of the daily timestep model being 
completed in the next six months. The core structure for the monthly timestep model will 
also be developed in the next six months. By summer 2026 model evaluation will begin 
with the Visby stakeholders. 
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Demo M18 main targets Deviations Next steps End-of-project (M36) main KPI 

ES-1 (i) First round of water mapping from 
industrial sources completed. First 
design of demand forecast algorithms 
(T2.1). 

ii) 100% completion of additional 
treatment unit connected to the WWTP. 
Start-up protocoles and testing 
completed (T2.2). 

iii) Definition and Design of intelligent 
mixing module completed. Built at 80%. 
Design of the management system 
completed in first version. 
Implementation at 60%. (T2.2) 

Demonstrator ES-1 
suffered major delays 
after the October 2024 
floods severely 
disrupted the hosting 
WWTP and postponed 
planning and 
construction activities. 

 Advance construction of the demonstrator’s tertiary 
treatment plant (first module ready in Q1 2026). 
Commission the first module and then connect the 
second module (T2.2). 

 Define and procure the sensors required for automation. 
Adapt the smart water management software to 
dynamically adjust treatment based on demand. 

 Define key water-quality parameters for each use case 
with project partners and select the corresponding 
sensors (T2.2). 

 Prepare and launch the first real-life tests to 
complement ongoing demand simulations (T2.3). 

20% reduction in discharge from a 
WWTP into a public channel with 
a conductivity of 000μ/h with their 
120 m³/day of water processing, 
and a 1/15 scale on the 
anticipated industrial installation 
(1800-2000m³/day) is expected to 
bring back to use some 20% of 
the combined discharges 

SLO-2 (i) Established pilot (100%) with advanced 
tertiary treatment and  

(ii) Testing (treated regenerated water) 
started on at least 4 different crops, 2 
growing environments, 2 production 
technologies and 1st harvest evaluation. 

No deviations.  Inspect the irrigation system at the start of spring. 

 Cultivate and transplant onion and pepper seedlings; 
prepare strawberry plants and sow carrots. 

 Monitor plant growth and conduct the strawberry yield 
assessment in May. 

 Continue water-quality monitoring (UF, RO, and tap), 
including microbiological, chemical, physical, and 
emerging-contaminant testing. 

20% reduction in discharge from a 
WWTP into a public channel with 
a conductivity of 3.000μ / . The 
pilot will reach an estimated 
maximum treatment capacity of 
20.000 L/day 

B-3 (i) 100% completion of water quality 
monitoring design and protocols of the 
NBS willow field effluent. 

(ii) 50% completion of data collection for 
the project. 

(iii) 100% draft design of the NBS willow 
field improvement tests and the direct 
nanofiltration pilot that treats the NBS 
willow field effluent.  

(iv) The rest of KPIs for the demonstrator 
performance depend on the water 
quality and quantity time series data 
collected during the first 18 months of 
the project. 

No deviations.  Continue IBC testing and identify an alternative 
substrate for pilot 2 (IBC2). 

 Prepare and potentially start up the pilot treating NBS 
willowfield effluent. 

 Advance smart water buffering work to achieve a more 
stable WWTP feed. 

 Carry out scenario exploration for control potential and 
review outcomes regularly with VITO and Aquaduin to 
ensure real-life applicability. 

 

15 % reduction in discharge from 
a WWTP into a public channel. 
The pilot will treat around 800 L/h 
of this effluent, allowing 200 L/h 
permeate to be reused by the 
treatment company. This 25% 
reduction at demonstration scale, 
is expected to keep at 15% at 
upscaled performance asoutcome 
beyond project (reduction of 
109000 m3/year) 
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SWE-4 (i) Completion of main water sink and 
source mapping and generation of initial 
potential water savings scenarios. 

(ii) Completion of setting up the biofilm pilot 
for testing water storage, and 
Completion of between 40% and 60% of 
water tests for different scenarios. 
Finally, based on these results 
assessment of safety protocols (i.e. 
cleaning), development of storage 
guidance, and testing of the decision 
support aspect of the tool will begin. 

No deviations.  Continue experimental assessment of dairy 
condensates and rainwater under various storage and 
treatment conditions. 

 Summarize findings into a guideline for storing waters of 
different qualities. 

 Complete calibration and testing of the daily-timestep 
decision support model in the next six months. 

 Develop the core structure of the monthly-timestep 
model within the same period. 

 Begin model evaluation with Visby stakeholders by 
summer 2026. 

 

Water quality control digital 
system adaptable to the systems 
of Demonstrators 1, 2, 3, and 5 

Table 14: WP2 summary and next steps
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