
  

 

  



Introduction 

Welcome to the 19th DWF water research conference in corporation with Water Valley Denmark. 
We are thrilled to present a conference with +50 presentations and abstracts, providing the latest 
in water research in groundwater, drinking water, wastewater technology, urban solutions, and 
development withing sensors and new methods. 

This year DWF is very proud to provide an understanding of the EU Blue Deal, which will shape the 
European water arena for the next 5-7 years. We will also dive into the understanding of how to 
work with nature to provide the future solutions to help us protect our societies and critical 
infrastructure. 

Many of the presentations will be given by young water professionals and Master students, 
providing the latest from the universities and industries. 

Two of the many presentations will be given an award, sponsored by Grundfos or NIRAS, so stay 
until the Award- and drinks-session at 17.15. 

SPONSORS 

                                            

…and one of the poster presenters will be awarded with the DWF award as well. 

Best regards 

Hans-Martin Friis Møller, Chairman of Danish Water Forum 

Timetable 

Room Title From To 
Stakladen PLENUM: The EU Blue Deal, heavy rains and Nature-based solutions 10.00 12.00 
  LUNCH 12.00 12.45 
Room Richard 
Mortensen 

SESSION 1: EU Invests in Water Innovation  
Chair: Janni Thusgaard, Water Valley Denmark 12.45 14.45 

Room M1 
SESSION 2: Groundwater and water supply 
Chair: Ole Mark, Krüger 12.45 14.45 

Stakladen 

SESSION 3: Hazardous substances and PFAS 
Chair: Søren Hvilshøj, NIRAS, Co-chair Hans-Jørgen 
Albrechtsen, DTU 12.45 14.45 

Room Mogens 
Zieler 

SESSION 7: POSTERS 
Chair: Jesper Goodley Dannisøe, Danish Water Forum 12.45 14.45 

  BREAK 14.45 15.00 

Stakladen 

SESSION 4: Recovery of resources 
Chair: Jens Muff, Aalborg University, Co-chair Peter E. Holm, 
University of Copenhagen. 15.00 17.00 

Room M2 

SESSION 5: Biofilm and corrosion 
Chair: Torben Lund Skovhus VIA University College, Co-chair 
Bo Højris, Grundfos. 15.00 17.00 

Mogens Zieler 
SESSION 6: Wastewater treatment 
Chair: Hans-Martin Friis Møller, Kalundborg Forsyning 15.00 17.00 



Room Title From To 
 Room Preben 
Hornung Snacks, awards 17.15 18.00 
 Room M1 Dinner (By registration only) 18.15   

 

Detailed timetable for the sessions: 

Plenum, Auditorium 1 

Time Presentation 
10:00 Welcome, by Hans-Martin Friis Møller, Chairman, Danish Water Forum 
10:05 Logistics, by Jesper Goodley Dannisøe, Director, Danish Water Forum 
10:10 Keynote: The European Blue deal,  Arthur Guischet, European Water Association 

10:45 Development in rain intensity in Denmark, Rasmus Anker Pedersen, Danish Meteological Institute 
11:05 New solutions to combat storm water, Nicolai Friberg, Eco Science, Aarhus University 
11:30 Denmark’s Africa Strategy Promotes Strategic Cooperation and Investment Opportunities in Ghana; Mathias 

Thuborg Madsen, Min. Foreign Affairs 
11:50 Q/A session 
12:00 Lunch break 
12:45 Parallel sessions from 12.45 – 17.00 followed by Snacks and AWARD session 

 

Room 
Richard 
Mortensen 

SESSION 1: EU Invests in Water Innovation – 
discussions around the forthcoming EIT Water, 
Marine & Maritime Knowledge Innovation 
Community (KIC)  

From 
12.45 

To 
14.45 

Chair: 
Janni Thusgaard, Water Valley Denmark , Co-chair Ulla Sparre, Water 
Valley Denmark   

  
As part of Horizon Europe, EU’s main program for Research and Innovation, the EIT is set to create a new 
Knowledge and Innovation Community (KIC) in the field of water, marine and maritime sectors and ecosystems. 
KIC will unite water, marine, and maritime innovators to join the EIT Community and build a pan-European 
partnership that addresses the most pressing challenges facing water-related innovation ecosystems. 

Denmark plans to have a central role in the forthcoming EIT Water KIC and we are inviting you to join this 
workshop to learn more about the EIT Water KIC call and give your input to the forthcoming application. 

Lean more about the EIT Water here: https://eit.europa.eu/our-activities/call-for-eit-communities/eit-water 
 

Room M1 SESSION 2: Groundwater and water supply  
From 
12.45 

To 
14.45 

Chair: Ole Mark, Krüger, Co-chair: Bjørn K. Jensen, GEUS   
 
 

Speaker Title of the presentation 
Perrine Marguerite Fernandez, 
Aarhus University Impact of natural electric fields on ion transport in groundwater 
Bismark Awinbire Akurugu, 
Water Research Center Ghana 

Groundwater Recharge Estimation from Multiple Independent Methods in 
Fractured Hard-Rock Aquifers in Densu Basin Ghana 

Shuang Luo, Aarhus University 
Innovative UV Reactor for Complete Degradation and Defluorination of PFAS 
without Additives in Water Treatment  

https://eit.europa.eu/our-activities/call-for-eit-communities/eit-water


Speaker Title of the presentation 
Seyyed Reza Mashhadi, 
Aarhus University 

High-resolution hydraulic conductivity estimates from borehole nuclear magnetic 
resonance (NMR) 

Martin Rygaard, HOFOR Assessing the needed supply buffer for Copenhagen’s water supply;  

Tom Martlev Pallesen, I-GIS 
Public online updatable hydrostratigraphic geological model used for 
groundwater administration in Denmark – a road trip and lessons learned;  

Rocco Palmitessa, DHI A/S 
Robust and automatic validation of sensor data from combined drainage 
networks;  

Christian Overlund, DTU 
Implementing an IoT sensor network in a horizontal subsurface flow constructed 
wetland pilot for real-time monitoring of hydraulic patterns;  

Anna Whittaker, bNovate 
Technologies SA 

Smart Water Management: Automated Flow Cytometry to monitor water 
treatment barriers.  

 

 

Stakladen SESSION 3: Hazardous substances and PFAS  
From 
12.45 

To 
14.45 

Chair: Søren Hvilshøj, NIRAS, Co-chair: Hans-Jørgen Albrechtsen, DTU   
 

Speakers Title of the presentation 

Rikke Andersen, DHI A/S 
Source tracking and simulation of the fate of hazardous substances in 
Odense Fjord;  

Marie S.R. Vestergaard, DHI A/S 
Hazardous substances, sources and compliance. Co-creation of a digital 
support tool;  

Nicolaj Schmidt Damgaard, 
Teknologisk Decentralized PFAS Removal at Drinking Water Wells Using Resin Filters;  
Xingaoyuan Xiong, Aarhus 
University A UV/Phenol/DTN System for Simultaneous PFAS and Phenol Remediation;  

Sonsoles Quinzanos, HOFOR 
LPRO membrane filtration for removal of PFAS, DMS and other groundwater 
micropollutants from mineral-rich drinking water – a pilot study;  

Jan-Max Arana Juve, NIRAS 
Closing the PFAS cycle: Regeneration and novel defluorination strategy for 
PFAS adsorbents;  

Jakob Nielsen, Teknologisk 
Optimizing Dewatering process for Sludge Management and PFAS Removal in 
Wastewater Treatment;  

Jinxin Zhao, University of 
Copenhagen 

Reactive ZVI-biochar for chlorinated ethylene remediation in groundwater 
aquifers;  

Rikke Bruun Munk Andersen, 
Ultraaqua Destruction of PFAS with UV/VUV-advanced reduction processes;  

 
Room Mogens 
Zieler SESSION 7: POSTERS 

From 
12.45 

To 
14.45 

Chair: Jesper Goodley Dannisøe, Danish Water Forum   
  

Speakers Title of the presentation 

Allan Amorim Santos, Brazil 

Sustainable Water Quality Improvement Through Constructed Floating 
Wetlands: Potential of South American Macrophytes for Eutrophication and 
Cyanobacteria Management;  

Zhenyu Yang, Ålborg University 
Performance Assessment of Hydrocyclone System for Aquatic Microplastics 
Removal Using Online Microscopy Sensors;  



Speakers Title of the presentation 

Kiril Manevski , Aarhus University 
Semicentennial trend analysis of irrigation and food variables reveal global 
disparities among countries and regions;  

Niels Eisum, Huginn 
Operating experiences from the first year with solar cells placed over a green 
sedum roof;  

Josephine S. Jensen, Aarhus 
University 

Assessing Diatom Diversity: Evaluating Artificial Substrates as Proxies for 
Natural Biofilm Communities of Water Leaching from a HCH Deposit;  

Sebastian Ravn-Andersen, NIRAS 
Ultrapure- and Reject Water Treatment for Power-to-X Applications – A 
Technical Deep Dive;  

Zhiqun Xie, Aarhus University 

Surface and Morphology Modulated Adsorption-Activation of Trace 
Concentration Hydrogen Peroxide with Multiple Electron Transfer Pathways 
and Sustained Fenton Reactions;  

 

 

Room Stakladen SESSION 4: Recovery of resources  
From 
15.00 17.00 

Chair: 
Jens Muff, Aalborg University, Co-chair: Peter E. Holm. Univ. 
Copenhagen   

 

Speakers Title of the presentation 

Asif Saud, Aalborg University 
Membrane Distillation Crystallization a Sustainable Approach for Magnesium 
Recovery from Brine 

Jonathan Guld Christensen, 
Teknologisk 

Full-Scale Implementation of Resource Recovery from Industrial Water 
Streams at Nopa Nordic;  

Tanzila Sharker, Ålborg University 
Mg/Ca coupled with sucrose-based biochar as CDI electrodes for selective 
removal and recovery of phosphorus;  

Ramya Veerubhotla, Aarhus 
University 

Electroactive Microbes: Pioneering Waste-Powered Batteries, Green 
Transition, and Clean Water;  

Javier Romero Gil, Aarhus 
University 

Development of films from wastewater recovered materials for membrane 
applications;  

Tinatin Tkesheliadze, GEUS Phosphate Recovery from Groundwater Treatment Sludge;  
Amrita Bhattacharya, Aarhus 
University 

Understanding the sludge proteome – Keratin as an emerging protein of 
interest;  

Sasmitha Aulia Zahra, Aarhus 
University 

Harnessing Activated Sludge as a Source of Humic Acids: Innovative 
Extraction and Characterization;  

Mojtaba Azari-Anpar, Aarhus 
University Isolating and identifying sugars in activated sludge and biofilm isolates;  

 

 

Room M2 SESSION 5: Biofilm and corrosion 
From 
15.00 

To 
17.00 

Chair: 
Torben Lund Skovhus VIA University College, Co-chair: Bo Højris, 
Grundfos   

 

Speakers Title of the poster 

Arya Van Alin, Aarhus University Effects of salinity oscillation on planktonic bacteria and biofilm formation;  
Loren Mark Ramsay, Via University 
College 

Induction Time Investigations for Assessing Scaling Risk in Feedwaters of 
Reverse Osmosis Systems using Batch Operation 



Speakers Title of the poster 

Lineker Goulart Coelho, DTU 
Using conductivity as a surrogate to enable real-time monitoring of chloride 
concentration to support stormwater quality control during winter;  

Kemo Usto, DTU 

A screening framework for the selection of areas to implement multipurpose 
urban constructed wetlands for the production of biobased construction 
materials;  

Emil Jespersen, Aarhus University 
Comparison of heavy metal and nutrient removal in wet- and dry ponds 
treating urban runoff;  

Nafsika Antoniadou, DTU Sustain 
Bayesian spatial modeling of extreme rainfall frequency in Denmark using 
INLA and SPDE methods;  

 

Room Mogens 
Zieler SESSION 6: Wastewater treatment 

From 
15.00 

To 
17.00 

Chair: 
Hans-Martin Friis Møller, Kalundborg Forsyning: Co-chair: Esben 
Auken   

 

Speakers Title of the poster 
Bastian Stiem Kirkebæk, Ålborg 
University 

Percrystallization: A versatile Approach for Desalination and Zero Liquid 
Discharge;  

Hussein Fairousha Sulaiman, 
Ålborg University 

Membrane distillation for the treatment of industrial wastewater: 
Experimental and modelling perspectives;  

Trine Dalkvist, DHI A/S 
Cutting Emissions with Digital Precision: The Future of Wastewater Treatment 
Plants;  

Sanne Falkenberg Jensen, Aarhus 
University 

Integration of hydrothermal liquefaction in wastewater treatment: focus on 
treatment of the process water;  

Sara Bedoya, Aarhus University 
Using nanobubble aeration to enhance (urban) wastewater treatment in 
constructed wetlands 
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SESSION 2: Groundwater and water supply 
Room M1, Chair: Ole Mark, Krüger, Co-chair: Bjørn K. Jensen, GEUS 

Speaker Title of the presentation 
Perrine Marguerite Fernandez, 
Aarhus University Impact of natural electric fields on ion transport in groundwater 
Bismark Awinbire Akurugu, 
Water Research Center Ghana 

Groundwater Recharge Estimation from Multiple Independent Methods in 
Fractured Hard-Rock Aquifers in Densu Basin Ghana 

Shuang Luo, Aarhus University 
Innovative UV Reactor for Complete Degradation and Defluorination of PFAS 
without Additives in Water Treatment  

Seyyed Reza Mashhadi, Aarhus 
University 

High-resolution hydraulic conductivity estimates from borehole nuclear magnetic 
resonance (NMR) 

Martin Rygaard, HOFOR Assessing the needed supply buffer for Copenhagen’s water supply;  

Niels-Peter Jensen, I-GIS 
Public online updatable hydrostratigraphic geological model used for 
groundwater administration in Denmark – a road trip and lessons learned;  

Rocco Palmitessa, DHI A/S 
Robust and automatic validation of sensor data from combined drainage 
networks;  

Christian Overlund, DTU 
Implementing an IoT sensor network in a horizontal subsurface flow constructed 
wetland pilot for real-time monitoring of hydraulic patterns;  

Anna Whittaker, bNovate 
Technologies SA 

Smart Water Management: Automated Flow Cytometry to monitor water 
treatment barriers.  

 



Impact of natural electric fields on ion transport in groundwater 
P.M. Fernandez, Aarhus University*, L.R. Damgaard**, Aarhus University, U. Marzocchi, Aarhus University*** 

Abstract 

Introduction: Transport models assume molecular diffusion and advection as the primary mass transport processes that 
regulate ion distribution in groundwater. Although, in principle, ionic species can move within an electric field the 
contribution of this process (i.e. ionic migration) is typically neglected in sediment and groundwater studies. This 
omission stems from the assumption that electric fields do not develop under natural conditions to relevant extents. 
However, evidence from geophysics and the growing field of electro-microbiology indicate that electric fields may 
develop in sediments. 

Methods and data: Here we investigate the occurrence and development of electric fields in fresh and brackish water 
sediments, and experimentally assessed their influence on the mass transport of sulfate, phosphate, ferrous iron and 
chloride in laboratory incubation. Our data show that electric fields of intensities spanning between 0.1 and 7 V.m-1 may 
develop in surface sediments due to diffusion potential or in association with the presence of electrically conductive 
filamentous (cable) bacteria. In laboratory incubations, inert artificial sediment immersed in a sulfate-amended 
aquarium showed a deeper sulfate penetration when exposed to an electric field of 3 V.m-1 for 24 hours compared to 
control sediment placed outside the electric field. Finally, to assess the net contribution of ionic migration to the mass 
transport of ions in natural sediment, we measured the vertical distribution of four relevant ions: Fe2+, Cl-, SO42- and PO43- 
and electric potential into lake sediment throughout a month of incubation, with the electric field evolving naturally 
between 0.1 and 1 V.m-1. 

Results: The vertical distribution of the various ions strongly depended on the intensity of the electric field. At low 
electric field, chloride was relatively constant between the overlaying water and the through the sediment. At the highest 
electric field intensity, chloride remained constant in the water and top sediment but peak up to +134% (from 2.0 to 2.7 
mol.L-1) of his baseline concentration towards the positive pole of the field. The important deformation of the chloride 
profile can be solely attributed to the electric field as there is no source or sink of the element. As iron, phosphate and 
sulphate can be produce or consume, we applied the measured concentration to the Nernst-Plank equation and 
compared the calculated role of diffusion versus ionic migration when advection is negligible. At the peak of the 
measured electrical activity, ion migration accounts for 60% of the flux for the cation Fe2+ and 80-90% for the anions. 
Even at moderate field intensity, around 0.5 V.m-1, ion migration accounts for 50% of the sulfate flux. 

Nernst-Planck equation: 

 

 

Discussion and take-home message: Our data demonstrate that electric field can develop in nature to extent that are 
relevant for mobilizing ionic species of biological importance. The intensity of ionic migration may match in magnitude 
the contribution of molecular diffusion in groundwater. Overlooking ionic migration may therefore cause substantial 
error in our estimates on the transport rates of nutrients, and possibly contaminants, in the presence of relevant electric 
fields. 

    * perrine.fernandez@bio.au.dk: Ny Munkegade 114, 8000 Aarhus, Denmark 

  ** lrd@bio.au.dk: Ny Munkegade 114, 8000 Aarhus, Denmark 

*** ugomar@bio.au.dk : Ny Munkegade 114, 8000 Aarhus, Denmark 

  

diffusion       ionic migration advection

mailto:lrd@bio.au.dk


Groundwater Recharge Estimation from Multiple Independent Methods in Fractured Hard-
Rock Aquifers in Densu Basin Ghana 

Bismark Awinbire Akurugu*, Ida Karlsson Seidenfaden**, Emmanuel Obuobie*, Simon Stisen**, Sandow Mark 
Yidana***, Larry Pax Chegbeleh*** 

Abstract 

Knowledge of recharge is essential for efficient and sustainable management of groundwater resources. The 
application of different groundwater recharge estimation methods, especially those that are based on independent 
parameters and/or datasets enhances confidence in the process. In this study, the Chloride Mass Balance (CMB), 
Water Table Fluctuation (WTF), and two Base Flow Filter techniques (BFF) have been used to quantify groundwater 
recharge in the Densu River Basin in southwestern Ghana. Based on the three methods this study finds that 
groundwater recharge in the basin is in the range of 27 - 338 mm/year, representing 4 – 24% of the total annual 
rainfall. The basin averages were estimated at 34, 150, and 80 mm/year representing 3%, 15%, and 7% for CMB, WTF, 
and BFF respectively. Overall, the average groundwater recharge for the basin from the three methods is 
approximately 144 mm/year, representing ~ 15% of the rainfall. The CMB and BFF methods largely agree on basin 
average recharge, whereas the WTF methods generate much higher average recharge estimates. The CMB and WTF do 
however agree on the upper bound of recharge estimated locally in wells (around 400 mm/year), which is not 
described by the BFF method which only operates on sub-basin resolution. The CMB method revealed weaknesses in 
the lower bound estimates (underestimated) compared to the other methods. For all methods, the highest recharge 
estimates were obtained in the northern and high-elevation areas, whereas the low estimate occurred in the south of 
the basin. Temporally, recharge in the basin begins around March/April, the beginning of the rainy season, and peaks 
around June and October. Although the major rainy season peaks around May/June in the basin, the highest 
groundwater recharge occurs in the peak of the minor rainy season in October, which is attributable to the 2.5 months 
lag time between rainfall and recharge. About 90% of the groundwater recharge occurs between May and November 
annually and may be the ideal period for large groundwater abstractions in the basin. Given the total groundwater 
abstraction of approximately 6.1 x 106 m3/year (2.5 mm/year) in the basin, groundwater resources present significant 
potential for expansion and utilisation, provided that water quality assessments confirm the available quantity is 
suitable for use 

 

    * bismarkakurugu@yahoo.com: Water Research Institute, Council for Scientific and Industrial Research, Box M 32, 
Accra, Ghana 

  ** ika@geus.dk: Øster Voldgade 10, 1350 København, Denmark  

*** smyidana@ug.edu.gh : Earth Science Department, Box LG. 58, University of Ghana, Legon, Ghana 

  

mailto:bismarkakurugu@yahoo.com
mailto:ika@geus.dk
mailto:smyidana@ug.edu.gh


Innovative UV Reactor for Complete Degradation and Defluorination of PFAS without 
Additives in Water Treatment 

Shuang Luo*, Zongsu Wei**. Department of Biological and Chemical Engineering, Aarhus University 

Introduction: The extensive use of per- and polyfluoroalkyl substances (PFAS) in various products has led to their 
pervasive detection across different environmental matrices. Due to their environmental persistence, bioaccumulation, 
and toxicity, PFAS pose significant challenges and have garnered attention from multiple countries. Strict regulatory 
limits have underscored the urgent need to remove these "undegradable" PFAS from water environments to mitigate 
their environmental risks. Existing removal methods, such as adsorption using activated carbon, clay, and minerals, ion 
exchange, and membrane separation, reverse osmosis, have proven to be effective in removing PFAS. However, these 
methods only transfer PFAS to another phase without destructing PFAS. Low-pressure (LP) Hg-lamps (UV254nm) have 
been shown to be ineffective in degradation of PFAS, but adding the reducing additives (SO3

2−) can promote C−F bonds 
dissociation. Dual-wavelength LP Hg-lamp (UV185nm+254nm) emitting UV185nm have shown potential for direct C−F bond 
cleavage, offering a pathway for PFAS degradation and defluorination. However, the reactors utilizing UV185nm are 
vacuum-UV designs with limitations: (1) high-costly fused quartz as reactor; (2) vacuum or nitrogen-protected 
environments; (3) running costs are quite high in water treatments, restricting their practical applications in water 
treatments. 

Methods and data: To address these limitations, we propose a innovative reactor design to overcome the disadvantages 
of existing photoreactors, it eliminates the need for expensive quartz protection and vacuum conditions, significantly 
reducing costs and enables simultaneous decomposition PFAS and other pollutants. We conducted batch degradation 
of PFAS (PFOA, PFOS, Genx and 6:2 FTS) ambient temperature and pressure conditions to evaluate degradation and 
defluorination efficiency. 

Results: In the batch experiments, a Heraeus 14W UV-lamp (UV185nm+254nm) was used in the reactor with a 62 mL capacity. 
Different initial concentrations were studied meticulously.  For PFOA and 6:2FTS, complete degradation was achieved 
within 30 minutes and complete defluorination occurring within 60 minutes. In the case of PFOS, complete 
decomposition and defluorination take over 2 hours. For Genx, degradation is completed in 30 minutes, but full 
defluorination requires more than 90 minutes. Remarkably, this novel design achieved the highest degradation and 
defluorination efficiency for PFAS without any catalyst, surpassing previously reported photocatalytic and chemical 
methods. 

Discussion and take-home message: Our novel reactor design demonstrates the capability to achieve complete 
degradation and defluorination of PFAS within a short timeframe (<1h for different concentrations of PFOA and 6:2FTS, 
~2h for PFOS). This technology can be scaled for household water purifiers or applied to reverse osmosis wastewater 
treatment to achieve zero-fluoride contamination in drinking water. The system's scalability, based on the length and 
number of UV lamps, makes it adaptable for small to medium-sized water treatment applications. Future plans include 
designing larger-scale systems to extend the applicability of this efficient and cost-effective PFAS treatment method. 

 
 

 

    * shuangluo@bce.au.dk: Ole Worms Allé 3, DK‐8000 Aarhus C, Denmark 

  ** zwei@bce.au.dk : Ole Worms Allé 3, DK‐8000 Aarhus C, Denmark 
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High-resolution hydraulic conductivity estimates from borehole nuclear magnetic resonance 
(NMR) 
Seyyed Reza Mashhadi*, Denys Grombacher**, M. Andy Kass***, HydroGeophysics Group, Department of Geoscience, 

Aarhus University 

Introduction:  
Nuclear magnetic resonance (NMR) is a non-destructive geophysical technique which is directly sensitive to water.  
Historically used in oil and gas applications, borehole NMR has found increased application to groundwater studies in 
recent years, providing estimates of hydrologic properties in both consolidated and unconsolidated environments. NMR 
shows great potential to deliver quantitative estimates of water content in both saturated and partially-saturated 
conditions, including segmentation of total water content into proportions held in different pore regimes such as clay-
bound, capillary-bound, or free-water. In addition, NMR has proven to provide robust estimates of permeability using 
calibrated empirical relations for a range of geological settings. In this work, we explore the utility of NMR for 
permeability estimation of unconsolidated glacial sediments across a number of Danish sites. It is shown that NMR 
shows great promise to deliver high-vertical resolution estimates of permeability in Danish conditions.  

Methods and data:  

The NMR method works by perturbing the precession of fluid-phase hydrogen with an electromagnetic pulse sequence 
and measuring the fields produced by the relaxation back to equilibrium.  A borehole NMR dataset consists of a 
measured decay, where the initial amplitude is proportional to the total volumetric water, and the decay (termed T2) is 
a function of the pore geometry and distribution within the medium.  These parameters can also be related to hydraulic 
conductivity via empirical equations built upon the Kozeny-Carmen equation, which links pore geometry to flow. 

In order to establish a statistically significant link between measured NMR parameters and hydraulic conductivity, we 
performed borehole NMR surveys in over 100 wells with slug tests, as well as laboratory NMR on 68 Danish sediment 
samples along with a falling head test. We used a downhole NMR logging system call the Dart from Vista Clara, Inc. to 
acquire NMR signals at 22 cm intervals in each borehole, and correlated results with the relevant screened intervals 
from the slug tests.  Each interval required approximately 90 seconds to measure with a standard CPMG pulse sequence, 
resulting in approximately 6 minutes per metre.  Stacking time can be reduced in lower-noise environments. For the 
laboratory measurements, a Magritek Lab Core Analyser is used to perform precise NMR signal measurements at far 
superior signal qualities than achievable via downhole measures. Laboratory measurements also enable comparison 
with NMR data against controlled lab measures of permeability and pore size distributions.  

Results:  

Computation of hydraulic conductivity via regression to estimate 
appropriate calibration coefficients of empirical models linking NMR and 
permeability are shown to provide reliable estimates within an order of 
magnitude of the independently measured K values.  Estimates were 
more accurate in sandy and sandy till environments versus clay, but 
overall, the measured relaxation times tracked hydraulic conductivity 
accurately. Figure 1 illustrates the close correlation between NMR 
estimated parameters called relaxation times (T2ML) and permeability.  

Discussion and take-home message:  

Borehole NMR provides a rapid means of providing estimates of 
volumetric water content, relative porosity, and permeability at high 
resolution (22cm) within boreholes. The method is suitable for existing 
monitoring boreholes and/or direct-push measurements performed 
with a Geoprobe.   
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Figure 1. Scatter plot comparing NMR relaxation times (T2ML) 
controlling the NMR signal’s time-dependence against 
independently measured permeability. The strong correlation is 
noted by the diagonal trend observed in the data.  



Assessing the needed supply buffer for Copenhagen’s water supply 
Martin Rygaard, HOFOR A/S* 

Abstract 

Planning future capacity needs for a water supply require consideration of baseline demand, planned and unplanned 
interruptions, seasonal and climatic variations, and more. While many water supply strategies focus on the baseline 
demand forecast, the assessment of needed supply buffer is often poorly documented or reduced to qualified guesses. 
The presentation suggests a structured quantitative evaluation of the needed supply buffer for Copenhagen’s water 
supply 

Methods and data: Inspired by the Successive Principle (Lichtenberg 2000), I suggest dividing the supply buffer into 
several components, including baseline demand, losses, season and climate variations, planned maintenance, 
unplanned interruptions, and more. Components were defined and quantified in an iterative and workshop-based 
process leading to three-point estimates of min, max and most likely values. Values were further quality assured and 
adjusted based on available data (e.g. historic seasonal variations). 

Results: By grouping components into permanent/annual and temporary/monthly water needs it was possible to 
suggest a needed supply buffer for Copenhagen including uncertainty intervals for two timeframes. The first is the 
permanently or annually needed supply buffer (Figure 1). The second is the temporary or short-term supply buffer 
relevant at monthly timesteps. The most likely needed supply buffer was found to be 19% on a permanent (annual) 
basis, while the upper 95% confidence value was 30%. The main contributions to the permanent (annual) needed 
supply buffer was unplanned disruptions to supply caused by treatment failures such as a major breakdown in a water 
work, or microbial pollution at a well field.  

Interestingly, the main contribution to the 
uncertainty was related to source pollution 
caused by emerging contaminants such as 
PFAS, pesticides and more. 

The most likely temporary supply buffer was 
47%, with the largest contribution stemming 
from seasonal variations, where hot weather 
can make water demand surge. An 95% 
confidence upper bound on the temporary 
supply buffer was found to be 61%. 

Discussion and take-home message: 1) Both 
the likely needed temporary and permanent 
supply buffer are higher than the current 
supply buffer in Copenhagen, which calls for 
increasing capacity in Copenhagen’s water 
production capacity. 2) Including the 
uncertainty intervals in the assessment of 
needed supply buffer is an illustration of the 
unpredictability of the needed capacity and 
therefore useful in communication with 
stakeholders and decisionmakers. It is also 
useful to cap investments in extra capacity 
and thereby avoid excess costs of increasing 
and maintaining supply buffer capacity. The 
method and results can serve as inspiration 
for similar assessments of reserve capacity in 
large water supplies. 

* marryg@hofor.dk: Agern Allé 5, DK-2970 Hørsholm, Denmark 

Figure 2. Accumulated likelihood of a permanent (annual) supply buffer 
meeting the needed demand. Current supply buffer is 19%, which is 40% 
likely to meet current demand. 
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Public online updatable hydrostratigraphic geological model used for groundwater 
administration in Denmark – a road trip and lessons learned 

T. M. Pallesen, I•GIS A/S*, J. Lanstorp, the Danish Environmental Protection Agency** 

Introduction  

During the last more than 20 years, a focused groundwater mapping campaign have been going on in Denmark. 
Databases containing borehole- and geophysical data have been made and 
refined. Existing geophysical methods have been optimized and new ones 
have been developed. These data are key in the hydrostratigraphical 
model building, which has been central in the campaign. More than 400 
individual models have been made in designated areas, many are 
overlapping, and, in several areas, multiple models of different origin exist. 
In total, the most of Denmark was modeled but at different setup and 
premises. 

Methods and data 

In 2018 it was decided by the government, that these models should be 
combined into one single model – not an easy task keeping in mind the 
different nature of the models (number of layers, extent, data input). 

4 consultancy companies and a software company were assigned the task 
to integrate all models into one. In addition, a future-proof main 
stratigraphy for the entire country should be defined. 

Results 

Today a single model (named FOHM model) has been compiled and is 
constantly being updated using services provided by this platform. The model is accessible through the web-based 
data management platform GeoCloud. The services on this allow for a multi-user access to use and update the model, 
and for quality assurance by designated users when model updates are made. Users can download the entire model or 
part of it, and use it for further work, incl. drawing cross sections and inspect data in 3D. 

This talk discus challenges met, the workflow and the process of combining existing models into one single model. We 
describe how the main 
stratigraphy was 
defined, and how the 
existing models were 
evaluated, quality 
assured and prioritized. 
We also come around 
considerations about 
interpretation strategy 
(the model is based on 
interpretation points) 
and interpolation.  

Discussion and take-home message  

We show how the final model is made public and used in the groundwater administration in Denmark, and finally how 
future updates are made, and why an easily accessible and updatable model is very important in the groundwater 
administration 

 
*tmp@i-gis.dk: Voldbjergvej 14a, 8240 Risskov. 
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Figure 3: A view into the GeoCloud 

Figure 4: Geologic cross section made on the GeoCloud and based on the public FOHM-model. 
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Robust and automatic validation of sensor data from combined drainage networks 
R. Palmitessa*, E. Amundsen**, J.S. Mariegaard***, DHI A/S 

Introduction: Information and communication technologies combined with in-situ sensors are increasingly being used 
to enable smart control of urban drainage systems. However, sensor data streams may become compromised due to 
sensor failures, system anomalies, or malicious tampering, jeopardizing the reliability of data-driven control systems. 

Automatic anomaly detection can identify these data quality issues early to improve system reliability, but the robustness 
of data-driven methods to future unknown anomalies is uncertain. Previous studies have shown the potential of data-
driven models, in particular Long Short-Term Memory (LSTM) neural networks, for forecasting water depths in combined 
sewers and detecting anomalies therein. In this study, we rigorously tested the robustness of an LSTM-based anomaly 
detection workflow on a large open dataset of combined sewer observations. We injected synthetic anomalies of seven 
realistic types into a test dataset, allowing us to systematically assess the performance for anomalies of different types 
and intensities. 

Methods and data: The open-access Bellinge dataset was used, which contains 10 years of in-sewer observations of 
water depth and rainfall intensity at 1-min resolution from a combined sewer system in Bellinge, Denmark. A 2-year 
period from a single water depth sensor was selected and split chronologically into training (first 14 months) and testing 
(last 8 months) subsets. In the test period, if the incoming observation deviated from the LSTM forecast by more than 
10%, it was flagged as anomalous and replaced by the forecasted value. To evaluate our model, we injected seven types 
of synthetic anomalies into the test data, simulating common sensor faults: point outliers, smooth pulses, step changes, 
frozen signals, temporary offsets, gradual drifts, and random noise. Each anomaly's intensity was randomly selected 
within physically possible values, with durations ranging from 1 to 60 minutes.  

Results: The anomaly detection workflow achieved an overall accuracy of 82% on the test dataset with synthetic 
anomalies, but performance varied significantly by anomaly type (Fig. 1, left). Frozen signals were particularly 
challenging for the LSTM approach. Excluding frozen signals, overall accuracy increased to 92%. Detection accuracy also 
strongly depended on anomaly intensity (Fig. 1, right), with most missed detections being low-intensity anomalies (<2 
cm). Excluding these, accuracy further improved to 96%. 

 

Figure 5. Data validation accuracy broken down by anomaly type (left) and anomaly intensity range (right) 

Discussion and take-home message: This study thoroughly evaluated the robustness of an LSTM-based workflow for 
automatic anomaly detection in urban drainage systems using synthetic anomalies representative of common failures. 
The proposed workflow achieved promising overall accuracy, demonstrating its potential for real-world applications, but 
with some limitations for specific anomaly types and intensities. Future research should focus on generalizing the 
proposed workflow for better scalability and developing hybrid approaches that integrate data-driven and rule-based 
methods to further improve performance. With further development, such automatic anomaly detection workflows can 
enable more dependable real-time monitoring and control of urban water infrastructure. 
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Implementing an IoT sensor network in a horizontal subsurface flow constructed wetland 
pilot for real-time monitoring of hydraulic patterns   

C. R. Overlund*, O. Schultz**, L. M. G. Coelho***, DTU Dept. of Engineering Technology 

Introduction:  

Constructed Wetlands (CWs) are a type of Nature-based Solution (NBS) that aims to be environmentally friendly for 
wastewater treatment in buildings, urban areas, or small communities. While proven effective in small areas, key 
challenges for CWs in larger scales include preferential flow pathways (flow short-circuits) or stagnated zones (dead 
zones). With the help of digitalization and the Internet of Things (IoT), integrating sensor networks and data acquisition 
tools can help optimize the efficiency of the CWs and overcome the challenges. So, the main purpose of this paper is to 
implement and evaluate an IoT sensor system that enables real-time monitoring of hydraulic patterns in horizontal 
subsurface flow constructed wetlands. 

Methods and data:  

The experimental apparatus was installed in the Technical University of Denmark - Ballerup Campus. The pilot test setup 
consisted of a Horizontal Subsurface Flow Constructed Wetland (HSFCW) with a capacity of 500 Liters. The system was 
operated using a dosing pump to provide a constant inlet flow. The inlet flow used in the tracer tests was 5 L/hour. Sixty 
(60) conductivity sensors were placed all over the pilot to enable a detailed resolution of local monitoring. The data 
acquisition aims to obtain local conductivity information and generate a heat map to support real-time flow pattern 
monitoring upon tracer tests. The data that comes from the conductivity sensors was sampled by an analog-to-digital 
converter (ADC). An ESP32 microcontroller was used to control the system, and due to the high number of sensors, 4 
multiplexers have been used to sample data from the sensors. The monitoring system was validated based on tracer 
tests. NaCl was used as a tracer element to test the system's capability to monitor flow patterns during operation. 

Results:  

Figure 1 shows an example of a heat map generated during the tracer tests based on the information gathered from the 
network of sensors distributed throughout the HSFCW. The IoT sensor monitoring system provided insightful information 
on flow patterns in a real-time basis during the tracer test results, indicating the conductivity variation measured over 
time in different points of the HSFCW. The system has proven to be a low cost effective way to local spatial real-time 
characterization of flow behaviour in the HSFCW regarding preferential flows and dead zones. 

  

Figure 1: Heat map of conductivity values for a longitudinal section of the HSFCW pilot. 

Discussion and take-home message:  

This monitoring system can support improvements in HSFCW design and operation by enabling the verification of 
geometric conditions and operation settings that can enhance flow distribution, avoiding dead zones and consequently 
providing better use of the whole system volume. Future steps include testing the same approach in a full-scale CW 
system and a long-term monitoring operation to assess system durability. 
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Smart Water Management: Automated Flow Cytometry to monitor water treatment barriers 
Anna Whittaker, bNovate Technologies*, Marco Dignum, Waternet** 

Introduction:   
Maintaining the effectiveness of water treatment barriers is vital to water safety, yet challenges like fluctuating feed 
water quality, biofouling, stability of biological processes, and potential failures can compromise performance. 
Traditional microbial analysis methods are slow and limited, but online flow cytometry revolutionises monitoring by 
detecting nearly all bacteria in just 20 minutes. This enables real-time tracking of microbial dynamics for early issue 
detection. As part of the EU-fund project ToDrinQ, BactoSense, an automated online flow cytometer was installed at a 
Waternet's pilot plant for a three month trial. This included a 3-stream system, developed by bNovate and Waternet, 
which allowed the instrument to measure the influent and effluents from 2 newly laid pilot-scale slow sand filters (fine 
vs coarse sand). 
Methods and data: 
Automated online flow cytometry monitoring of slow sand filtration (SSF) and other treatment barriers (granular active 
carbon (GAC) and ozonation). BactoSense (bNovate Technologies), an automated flow cytometer, equipped with an 
ICC cartridge (Intact Cell Count) measured automatically every 6 hours samples from one influent and two slow sand 
filtration assets (SS1 fine sand) and SS2 (core sand). A total of 328 data points were collected from each stream over 
the course of 11 weeks. Three other parameters were measured, namely, the concentration of bacteria with a high 
nucleic acid content (HNAC), the concentration of bacteria with a low nucleic acid content (LNAC) and the percentage 
of bacteria with a high nucleic acid content (HNAP). 
Results:  
The same GAC filtration effluent flowed into both SS1 and SS2. Filtration with both fine and core sand led to reduced 
ICC values, illustrating how SSF acts as a microbiological barrier. Notably, there was a general decreasing trend of ICC 
values for all 3 streams over the course of the experiments. The flows of SS1 and SS2 effluents also decreased with 
time.  
On one occasion, consecutive GAC backwashes led to spiked ICC and HNAP for the influent, and a HNA cluster was 
observable on the dotplot. This is indicative of bacteria being washed out. This spike was not present for the SS1 and 
SS2 effluents, meaning that the washed out bacteria were filtered out in both cases.  
Lastly, issues with ozone dosage caused a spike in all three streams. Two of the four ozonation lines were taken out of 
service, leading to decreased ozone concentration in one of them, which translated into increased LNAC and HNAC of 
the influent. And unlike for the GAC backwash, SSF did not filter out the increased bacteria load. 
Discussion and take-home message:  
Automated online flow cytometry enhances monitoring of feed water and process stability across the treatment 
system life cycle, offering regular microbiological assessments, rapid defect identification, and support for system 
qualification. Valuable insights for commissioning of early stages of new slow sand filters (fine vs coarse) were 
obtained through the course of the experiment and events in the process could easily be picked up with ICC 
measurements (GAC filter backwash or ozonation issues) 
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Source tracking and simulation of the fate of hazardous substances in Odense Fjord 
Rikke Andersen, Dorte Rasmussen , Jens Tørsløv DHI 

Introduction 

The Water Framework Directive requires good chemical conditions in the European water environments by 2027. The 
case study is on Odense Fjord, Denmark, which currently cannot fulfil this requirement due to high sediment 
concentrations of lead, cadmium, nonylphenols and anthracene. The scope of the study was to use DHIs the Ecolab 
modelling platform1 to predict transport, fate and resulting sediment concentrations of selected hazardous substances 
based on measured and estimated contributions from sources and validate the estimated sediment concentrations 
against reported measurements. 

Methods and data:  

The calculations were performed using a hydrodynamic dispersion model (DHI's MIKE 3 FM HD/AD model complex), 
which describes the transport and dilution of the pollutants by incorporating physical conditions in the model area as 
well as current conditions, water levels, salinity and temperature conditions. Additionally, a MIKE ECO Lab template is 
incorporated to include a range of environmentally relevant parameters and to estimate the sediment concentration 
based on the flux of hazardous substances from various pollution sources. The calculations are carried out over a 
simulation period from 01-01-2002 to 31-12-2016 with one-hour intervals. 1 

Hazardous substances enter Odense Fjord from several sources: contaminated sites, a large wastewater treatment 
plant, stormwater runoff, creeks flowing into the fjord, a sediment basin. Each source was assessed based on 
measurements and predictions of pollutant release. ECOLab is used to mathematically describe the fate processes 
taking place to estimate sediment concentrations temporally and spatially throughout the fjord, providing insights into 
the impact of these contaminants on sediment quality. 

 

Results:  

A comparison of the results to measured sediment concentrations showed a tendency for the model to underestimate 
the concentration of the substances in the sediment phase in the fjord after 14 years. However, for 4-nonylphenol and 
lead, the concentration is overestimated compared to measured data. The underestimation may be a combination of 
that significant contributions from diffuse sources to Odense Fjord have not been included and uncertainties in some 
of the model parameters that leads to an underestimation of the concentration of substances in the fjord. Conversely, 
the overestimation may be caused by the substances' degradation processes are not considered.  

Discussion and take-home message:  

The results show that further refinement of source quantification and model validation is necessary. We are currently 
working on evaluating the uncertainties of the source quantification and the model parameters. A calibration of the 
model will show which parameters have the highest impact on the results and guide a refinement of the approach. 
This ongoing work aims to enhance the model's accuracy and reliability for future assessments. 
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Hazardous substances, sources and compliance. Co-creation of a digital support tool. 
Marie Svane Rizk Vestergaard, Jens Tørsløv, DHI 

Introduction 

Denmark is enhancing its approach to managing Environmentally Hazardous Substances (EHS) in wastewater 
discharges, aligning with the Water Framework Directive (WFD) and its associated directives. The Danish Water 
Management Plans for 2023-2027 have expanded their focus on EHS control, with the goal of achieving good chemical 
status in water bodies by 2027. Municipal authorities in Denmark are tasked with the responsibility of regulating 
wastewater discharges into the environment. This includes issuing and revising permits, as well as monitoring 
compliance with environmental quality standards. However, the municipalities face significant challenges in effectively 
managing these discharges due to two key factors: 

1. Insufficient data on existing EHS concentrations in water bodies 
2. Limited understanding of how additional discharges impact overall water quality 

To address these challenges, there is a pressing need for advanced digital tools that can support decision-making 
processes related to wastewater discharges. Such tools would enable municipalities to make more informed and 
effective choices in managing EHS and protecting water quality. 

Methods and data:  

The project team conducted interviews with 14 experts from various municipalities, facility companies, and the Danish 
Environmental Protection Agency (DEPA). Following these interviews, we organized a one-day workshop with the 
participants to discuss challenges, envision future possibilities, and brainstorm potential solutions.  

Following the workshop, the DHI team conducted a thorough analysis of the results, which led to the conceptualization 
of five unique digital tools. These tools were specifically designed to address the challenges encountered by different 
stakeholders and user groups. Subsequently, the 14 experts were re-interviewed to gather feedback, additional ideas, 
and prioritize the proposed digital tools. At this stage, we included additional stakeholders to bring fresh perspectives 
and to address potential biases in evaluating the proposed digital tools. 

 

Results:  

The insights obtained from this process will inform a customized digital solution designed to guide the authority, 
streamline tasks, and enhance decision-making for both the authority and the applicant. Throughout the design 
process, co-creation will be emphasized to ensure engagement and support from users and stakeholders.  

Discussion and take-home message:  

The project highlights the importance of co-creation and the advantages of engaging experts from diverse stakeholder 
groups in developing optimal digital solutions that support decision-making in water environment management. 
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Decentralized PFAS Removal at Drinking Water Wells Using Resin Filters 
N.S. Damgaard, Danish Technological Institute*, P.K. Molnar, ECT2**, A.D. Stær, Greve Vandværk A.m.b.a.***, K. 

Larsen, Tune Vandværk****,   T. Kofod, M.O. Klitgaard, Danske Vandværker***** 

Introduction 
Recent years have seen a significant rise in the detection of problematic PFAS compounds in groundwater, posing a 
serious threat to drinking water production in Denmark and internationally. To address this challenge and comply with 
stricter PFAS limits, there is an urgent need to develop environmentally friendly and cost-effective technologies that 
can effectively remove PFAS from groundwater and drinking water.  
This project investigates sustainable purification of PFAS-contaminated groundwater directly at extraction wells using 
resin filters, which effectively remove short-chain PFAS molecules that carbon filters cannot. An important component 
of this project is the investigation of resin regeneration, aiming to extend the resin’s lifespan and further enhance the 
sustainability of the purification process. 
Methods and Data 
This study involved a comprehensive approach to testing and optimizing resin filtration and regeneration for PFAS 
removal. Initially, the feasibility of resin regeneration was examined using two different fluids: a mixture of ethanol and 
ammonia, and saltwater (NaCl). Following the regeneration tests, the project moved to a pilot-scale phase, where PFAS 
adsorption was assessed at groundwater wells located at the Tune and Greve waterworks. This phase evaluated the 
performance of both new and regenerated resins in unaerated conditions, directly at the source. The aim was to 
determine the effectiveness of the resin filters in real-world conditions and to assess the viability of using regenerated 
resins for sustainable groundwater purification. 
Results 
Tests with regeneration fluids such as ethanol mixed with ammonium chloride, NaCl, and tap water showed partial 
PFAS removal from saturated resins, but a significant amount remained bound post-regeneration. 
Pilot scale tests at the Tune and Greve groundwater wells aimed to assess PFAS adsorption using both new and 
regenerated resins. Preliminary results show that iron precipitation in the filters reduces flow rates, potentially 
affecting the efficiency of the filtration process. Detailed results from these tests will be presented at the upcoming 
conference. 
Discussion and Take-home Message 
By purifying water decentrally at the wells, the volume of water that needs treatment is minimized, reducing the 
consumption of purification materials. Additionally, with the increasing focus on leaching from materials, particularly 
from resin filters in drinking water treatment, the decentralized use of resin filters offers an advantage. It ensures that 
any potential leaching is likely to be addressed by the regular treatment processes at the main treatment plants. 
Focus on efficient regeneration and reuse of resins is crucial to reduce the need for disposable materials and minimize 
environmental impact from transport and disposal. The decentralized purification solution, combined with resin reuse, 
thus has the potential to be both economically and environmentally advantageous compared to centralized solutions. 
Final results and experiences from the project will be presented at the conference. The project is expected to 
contribute valuable knowledge on the implementation of sustainable and effective purification solutions aimed at 
removing PFAS from groundwater. 
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A UV/Phenol/DTN System for Simultaneous PFAS and Phenol Remediation  
Xingaoyuan Xiong*, Zongsu Wei**, Centre for Water Technology (WATEC), Department of Biological and Chemical 

Engineering, Aarhus University 

Abstract 

Introduction: Hydrated electrons (𝑒𝑒aq‒; ‒2.9 V) are highly effective at defluorinating per- and polyfluoroalkyl substances 
(PFAS), but production of 𝑒𝑒aq‒ often requires excess source chemicals, anoxic environment, and harsh pH conditions. To 
improve the feasibility of this reductive process, we utilized phenol as a source of 𝑒𝑒aq‒ (stoichiometrically yielding four 
𝑒𝑒aq‒ per molecule) and employed dithionite (DTN) to catalyze the phenol cycle, thereby sustaining 𝑒𝑒aq‒ production. This 
study explores the defluorination performance and mechanisms of the UV/phenol/DTN process for three 
representative PFAS compounds: PFOA, PFOS, and GenX.  

Methods and data: Experiments were conducted in cylindrical quartz reactors equipped with magnetic stirring, under 
UV light (254 nm). Fluoride concentrations were measured by ion chromatography (IC), while PFAS concentrations 
were analyzed using UHPLC-TSQ-MS/MS. Phenol concentrations were detected by HPLC. Electron spin resonance (ESR) 
spectroscopy was used to identify radicals (e.g., 𝑒𝑒aq‒, •H) generated during the process, with DMPO as a spin-trapping 
agent. Quenching tests were performed to assess the contribution of these radicals to PFAS degradation. Density 
functional theory (DFT) calculations were applied to provide theoretically molecular-level insights. 

Results: The UV/phenol/DTN system achieved up to 70% defluorination of PFOA, with minor impact from groundwater 
matrix on the degradation of PFOA, PFOS, and GenX. In this system, DTN facilitates the transformation of p-
benzoquinone to p-hydroquinone, which enhances 𝑒𝑒aq‒ production. Acidic conditions favored defluorination, and ESR, 
radical quenching, and probe tests confirmed that •H, the conjugate acid of 𝑒𝑒aq‒, is the dominant radical responsible for 
decomposing the three PFAS compounds. Additionally, hydrogen bonding between phenol and PFAS promotes the 
direct transfer of 𝑒𝑒aq‒, enhancing PFAS breakdown. Experimental and theoretical evidence collectively demonstrate the 
effectiveness of the UV/phenol/DTN system in sustaining 𝑒𝑒aq‒ production for PFAS defluorination in groundwater. 

Discussion and take-home message: The UV/phenol/DTN system effectively decomposes PFAS due to two key 
advantages: (1) hydrogen bonding and van der Waals interactions between PFAS and phenol, which facilitate 𝑒𝑒aq‒ 
transfer and prevent its quenching by H+, O₂, and other ions; and (2) under acidic conditions, •H plays a critical role in 
PFAS decomposition, complementing the established dominance of 𝑒𝑒aq‒ in alkaline conditions. Both experimental and 
theoretical results suggest that the UV/phenol/DTN method holds significant promise for PFAS remediation, 
particularly for wastewater containing both PFAS and phenol. However, the technology is still in its early stages, and 
future work will focus on designing circular treatment processes to recycle all input PFAS and phenol compounds with 
a goal of achieving zero-pollution. 
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LPRO membrane filtration for removal of PFAS, DMS and other groundwater micropollutants 
from mineral-rich drinking water - a pilot study 

M.S.L. Quinzanos, M.J. Hedegaard, M. Rygaard, and L. Clausen L., HOFOR A/S*, J. Muff, Aalborg University** 
*HOFOR A/S, Ørestads Boulevard 35, DK-2300 København S, Denmark. Contact: soqu@hofor.dk 

**Aalborg University, Niels Bohrs Vej 8, 6700 Esbjerg, Denmark 
 

Key words: LPRO membrane filtration, reverse osmosis, groundwater micropollutants, PFAS, DMS, TFA, drinking water 

Introduction: In Denmark, the security of drinking water supply is threatened by increasing presence of groundwater 
micropollutants such as per- and polyfluoroalkyl substances (PFAS), N,N-dimethylsulfamide (DMS) and Trifluoroacetic 
acid (TFA) (The Danish Environmental Protection Agency, 2022). Low Pressure Reverse osmosis (LPRO) membrane 
filtration is one of the technologies which can effectively remove most of these persistent micropollutants, including 
those that are difficult to treat with established technologies such as activated carbon filtration (Thomsen et al, 2021). 
However, the operation of LPRO systems in mineral-rich hard drinking water and the removal efficiency for specific 
groundwater micropollutants by LRPO is not well-documented in the literature. The goals of this pilot study are 1) to 
investigate whether LPRO membrane filtration is an efficient technology to treat mineral-rich groundwater and 2) to 
document the removal efficiency of persistent groundwater micropollutants from drinking water. 

Methods and data: A 12-month test with a LPRO membrane filtration pilot plant was carried out in Hvidovre 
waterworks in The Greater Copenhagen Area. The LPRO plant consisted of two-stage spiral-wound membranes with a 
capacity of 10 m3/h. The LPRO plant was continuously fed with mineral-rich groundwater after aeration and sand 
filtration at the waterworks. Feed water to the LPRO plant had a total hardness up to 34 odH and contained a range of 
groundwater micropollutants like PFAS, DMS and TFA. Two antiscalant types were tested during the pilot tests. 

Results: The results of the 12-month test period showed that LPRO membrane filtration is an efficient and robust 
technology to treat also such hard drinking water. Dosage of antiscalant provided a stable permeate recovery of up to 
70%. PFAS, DMS, and TFA were removed with retentions up to 99%, 95% and 92% respectively. 

Discussion and take-home message: LPRO membrane filtration has been proven to be an efficient technology for 
removal of groundwater micropollutants from mineral-rich drinking water, which can help ensuring security of drinking 
water supply in Denmark. Next steps towards implementation of LPRO membrane filtration for treatment of 
groundwater containing micropollutants include development and optimization of treatment technologies for the 
resulting high volume of wastewater in form of concentrate from the membranes.    
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Closing the PFAS cycle: Regeneration and novel defluorination strategy for PFAS adsorbents  
J-M. Arana Juve, Aarhus University and Niras*, Z. Wei, Aarhus University** 

Introduction  
Per- and polyfluoroalkyl substances (PFAS) are persistent compounds posing health and environmental risks. As 
regulatory agencies push for near-zero fluoro pollution, developing effective PFAS treatment technologies is critical. 
Removal technologies such as activated carbon and ion exchange resins emerge as leading methods. However, dealing 
with the saturated adsorbents is still an unmet need. This study examines PFAS reactivity in organic solvents in mild 
treatment conditions. It proposes the extraction from the saturated media to a solvent, promoting defluorination under 
mild UV irradiation. This novel, energy-efficient approach regenerates adsorption technologies through PFAS extraction 
and defluorination, closing the PFAS cycle. The system stability is monitored to prevent secondary waste and ensure 
reusability. This work aims to 1) propose a treatment train to desorb, destroy, and reuse (See red box in Figure 1) current 
PFAS removal technologies decreasing the costs and environmental footprint and 2) shed light on new fluorochemistry 
in the non-water phase to defluorinate PFCAs and potentially other PFAS. 
Methods and data:  
Among 18 solvents tested, some high polar aprotic 
solvents were tested to extract and degrade per- and 
polyfluorocarboxylic acids (PFCAs) and other PFAS under 
UV irradiation. Besides, PFAS extraction tests were 
carried out with hydrothermal treatments at different 
temperatures combined with the presence of salts. The 
stability was monitored by analyzing the chemical 
surface, surface area, and reusability of the materials. 
Results:  
The PFAS extraction from activated carbon was over 
70%, demonstrating the potential to obtain PFAS-free adsorbents upon saturation in real treatment plants (Figure 2A). 
Successful degradation of PFAS in organic solvents was achieved with UVC irradiation, reaching over 70% defluorination 
at ambient temperature for PFOA (Figure 2B). This result combined with its negligible degradation in water demonstrates 
that the matrix effects can be leveraged to promote PFAS defluorination. The defluorination was effective for PFOA and 
short-chain PFAS, shedding light on a potential closure of the PFAS cycle. 
The stability analyses confirm the robustness of the surface functional groups and the adsorption capacity of the 
activated carbon (Figure 2C). The solvents also demonstrated their stability upon subsequent UV irradiation cycles for 
PFAS degradation, which ensures the overall process's circular economy and reusability. 

 
Figure 7: A) Extraction tests from saturated AC, B) Defluorination kinetics of different PFAS, C) FTIR analysis of the AC surface at different treatment stages. 

Discussion and take-home message:  
• A novel and highly effective destructive method was developed and proven for PFCA defluorination (70% PFOA 

defluorination in 24 hours) and potentially other PFAS. 
• A treatment train was conceptualized and pretested for effective closure of the PFAS cycle, aiming to prevent 

incineration of PFAS-saturated removal technologies and promote their reuse. 
• This work opens a path to reduce the environmental and energetic footprint of the current adsorbent incineration, 

with potentially beneficial economic implications by reducing the cost of AC replacements.  
 
* jaju@niras.dk: Centre for Water Technology (WATEC), Department of Biological and Chemical Engineering, Aarhus University, 
Universitetsbyen 36, 8000 Aarhus C, Denmark; Process Design Department (PRDE), Sortemosevej 19-21, 3450 Lillerød, Denmark 

** zwei@bce.au.dk: Centre for Water Technology (WATEC), Department of Biological and Chemical Engineering, Aarhus University, 
Universitetsbyen 36, 8000 Aarhus C, Denmark 

 

Figure 6: Proposed new treatment train to regenerate adsorbents and destroy PFAS (red box) 
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Optimizing Dewatering process for Sludge Management and PFAS Removal in Wastewater 
Treatment 

Jakob R. Nielsen, Jonathan G. Christensen, Caroline K. Rickers  

Per- and polyfluoroalkyl substances (PFAS) contamination in wastewater has become an emerging concern due to their 
persistence, bioaccumulation, and potential health impacts1 2. Slopwater from container ships and offshore oil rigs 
face many challenges in managing PFAS, especially when these chemicals originate from oil and gas extraction 
activities3. In oil and gas recovery, PFAS compounds are used as surfactants in well stimulation additives to enhance 
extraction due to their ability to lower surface tension, improve foam stability, and withstand high temperatures and 
pressures, making them valuable for increasing recovery efficiency and carrying capabilities4. This study investigates 
the effectiveness of coagulation and flocculation processes combined with sludge dewatering to capture and remove 
PFAS from slopwater. Coagulation and flocculation were assessed through jar tests, using various combinations of 
coagulants and polymers to examine floc formation and stability, determined by DoE. Additionally, the surfactant 
Flourflok was tested to investigate its effectiveness in PFAS removal. Sludge dewatering was performed using the 
Higgins Modified Centrifugal Technique (MCT) to simulate the operation of screw press equipment. Additionally, PFAS 
sum 4 and 22 concentrations were measured in the treated (cleaned) wastewater to assess the removal efficiency. 
Both data sets were compared with benchmark data from a WWTP treating the same slopwater source as well as 
leachate.  

 

 

 

 

 

 

 

Centrifugation tests showed a steady increase in sludge dry matter with higher relative centrifugation force (RCF). Solid 
recovery remained consistent across RCFs. Testing the same coagulation/flocculation treatments on different inlet 
wastewaters revealed similar sludge dry matter and solids recovery percentages. These results suggest that 
wastewater composition has little impact on sludge dry matter and solid recovery when using identical 
coagulation/flocculation treatments with subsequent centrifugation tests. In comparison, the screw press 
outperformed centrifugation in terms of dryness but lagged behind in solid recovery. The screw press’s higher dry 
matter suggests better water removal, making it more effective for volume reduction, while centrifugation performs 
better in solid retention, minimizing dissolved solids in the effluent. The results also indicate significant PFAS removal 
during the dewatering process. The treatment at the WWTP demonstrated effective PFAS reduction during dewatering. 
Data from ongoing lab-scale tests will provide further insight into whether similar PFAS removal efficiencies can be 
achieved under controlled conditions. The growing concern over PFAS contamination highlights the importance of 
effective removal strategies in wastewater treatment. This study’s findings, showing significant PFAS reduction during 
dewatering, emphasize the relevance of optimizing treatment processes like centrifugation and screw pressing to 
address these persistent pollutants. As PFAS removal becomes an increasing priority for environmental health, the 
results suggest that improving dewatering techniques could play a crucial role in reducing PFAS concentrations in 
effluent.  
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Solid recovery PFAS sum 22 
removal 

PFAS sum 4 
removal 

Benchmark Slop 17,0  % 12,1 % 83,85 % 100  % 

Control Slop 2,3 ± 0,3 % 22,6 ± 1,9  %   

RCF 17G Slop 5,6 % 16,4 %   

RCF 50G Slop 7,11  % 15,3 %   

RCF 200G Slop 7,22 % 16,4 %   

RCF 500G Slop 9,1 ± 0,5 % 15,2 ± 0,2 %   

RCF 2000G Slop 10,78 % 15,7 %   

RCF 500G Slop/Leachate 10,5 ± 0,2 % 15,2 ± 0,3  %   
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Reactive ZVI-biochar for chlorinated ethylene remediation in groundwater aquifers 
Jinxin Zhao*, Dominique J. Tobler, Weizhao Yin, Mette Martina Broholm, Annika Sidelmann Fjordbøge, Klaus Mosthaf, 

Hans Chr. Bruun Hansen  

Introduction: Zero-valent iron (ZVI) is a reductant material commonly used for the remediation of soil and 
groundwater contaminated with chlorinated ethylenes (CEs). Biochar, a porous carbonaceous material with a high 
specific surface area and abundant surface functional groups, is produced via biomass pyrolysis under oxygen-free 
conditions. Numerous studies have shown that biochar-supported ZVI materials achieve significantly higher CEs 
dechlorination rates compared to ZVI or biochar alone. Carbothermal reduction is an environmentally friendly and 
cost-effective method for producing biochar-supported ZVI materials, offering a sustainable alternative to traditional 
nano-ZVI synthesis methods such as borohydride reduction. The objective of this study is to develop low-cost, stable 
ZVI-biochar granules for use as porous filter materials capable of cleaning CE-contaminated water through reductive 
dechlorination. 

Methods and data: This new granular composite material, consisting of biochar and ZVI, is produced using a one-step 
carbothermal method. Specifically, wood pellets are first impregnated with an iron(III) salt and urea, and then 
pyrolyzed under oxygen free conditions to induce the reduction of iron(III) to ZVI by the syngas that is produced as the 
wood is turned into biochar. The reactivity of this composite material towards CE degradation has been vigorously 
tested, to determine its selectivity and reactivity in different water matrices and in the presence of single and multiple 
CEs, as well as its maximum reducing capacity and longevity under different redox conditions. Currently, we perform 
sand column studies with artificial and real groundwater from a vinyl chloride contaminated site in Denmark to test 
the performance of this granular filter material under fast flow.  

Results: Batch experiments have showcased complete and fast removal of high doses of TCE (up to 1000 µM, with ZVI 
loading of 0.13 g/L) within 30 hours via adsorption, and fast production of acetylene demonstrating about 70% of CE 
degradation within the first 24 h. When testing other CEs (PCE, cis-DCE and VC) and different groundwater matrices, 
we observe similar fast removal and degradation rates, demonstrating the composite’s versatility and applicability to 
CE contaminated groundwaters. Notably also, testing high TCE doses demonstrated that 90% of the composite 
reducing capacity can be used for CE degradation. In aging tests performed in anoxic waters and in air, a loss of 
reducing capacity of the composite is observed with increasing aging time. However, when testing TCE reactivity after 
several weeks aging, removal and degradation rates are still as fast as when tested on non-aged materials. Column 
studies are currently underway, and results will be discussed and interpreted with modelling. 

Discussion and take-home message: Granular ZVI-biochar with high hydraulic conductivity and high reactivity towards 
TCE dechlorination was successful produced by one-step carbothermal reduction. The reductive dechlorination ability 
of the composite was significantly improved by optimization; its versatility has also demonstrated that the composite is 
dfficient for other CEs. 
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Destruction of PFAS with UV/VUV-advanced reduction processes 
R. B. M. Andersen*, M. Møller Klausen**, U. Nielsen*** 

Introduction: The fire-fighting training site in Korsør has been the center of the to date largest point source PFAS 
pollution in Denmark. The local authority has decided to require a full-scale treatment plant for all water types from 
the site to prevent polluted surface runoff and upper groundwater spreading to the nearby marine area. Ultraaqua has 
developed an innovative full-scale water treatment plant which has been in operation in Korsør since November 2023. 
Effluent from the treatment plant complies with the stringent Danish drinking water limit value (PFAS4 < 2 ng/l). 
The process train consists of an atmospheric air bubble fractionation (Patent Pending Ultraaqua technology) followed 
by treatment with granular activated carbon and ion exchange resins. The bubble fractionation process generates a 
PFAS concentrate, which will be degraded on-site using advanced reduction processes (ARP) with vacuum-UV 
technology, breaking down the PFAS compounds into harmless fluoride and CO₂. The UV/VUV-ARP has been 
investigated in Ultraaqua's laboratory and has demonstrated effectiveness in treating surface water from the Korsør 
site. Ongoing studies are currently investigating the UV/VUV destruction of the PFAS concentrate, and on-site 
destruction is scheduled for pilot-scale testing in 2025. 
Methods and data: The UV/VUV-ARP investigations in the laboratory was initially conducted on PFOA in clean water to 
confirm the degradation potential and identify breakdown products. The experiment was then repeated using surface 
water collected from the Korsør site to verify that the degradation was also achievable in a natural water matrix. In 
both experiments, 20-25 liters of water was recirculated over a vacuum-UV lamp emitting wavelengths at both 185 nm 
and 254 nm for durations of 5 and 10 hours under oxygen-free conditions. During the experiments, samples were 
collected at intervals and analyzed for fluoride concentration, PFAS22 content, and adsorbable organic fluorine (AOF). 
Results: The clean water experiment showed great potential with a reduction of PFAS22 by 99.99% after 5 hours of 
UV/VUV treatment. At this point, 80.6% of the fluorine mass balance was measured as harmless fluoride and 8.7% was 
measured as AOF which shows that the largest part of PFOA was fully destructed leaving only a smaller amount of 
partially fluorinated substances not accounted for in the PFAS22 sum. The last amount can potentially be fully 
destructed through extension of the treatment period. 
In the surface water experiment using water from the Korsør site, an AOF-based defluorination of 91.5% was observed 
after 10 hours of treatment. Complete removal of PFAS4 was achieved, along with a 99.4% reduction of PFAS22 after 
10 hours of UV/VUV exposure. 
Discussion and take-home message: The results demonstrate that UV/VUV-ARP can effectively degrade PFAS not only 
in clean water but also in natural water matrices. This indicates that the method, operated at ambient temperatures 
and pressure, has the potential to be integrated into a complete treatment train for PFAS removal from water with 
subsequent on-site destruction of PFAS residues. This shows promising signs of replacing the very costly and energy-
intensive conventional high-temperature incineration of PFAS waste. 
In a full-scale treatment setup, the UV-ARP process would involve treatment of a concentrated PFAS stream generated 
through bubble fractionation. By focusing the UV/VUV-ARP treatment on this smaller, concentrated volume, the 
energy consumption can be kept below 2 kWh/m³, making it a more sustainable and cost-effective alternative for PFAS 
destruction. 

 
The project is co-founded by the EU Interreg South Baltic program. Project: LIMIT – Innovative concepts for sustainable water treatment targeting PFAS and other critical 
micropollutants from point sources in the South Baltic Sea area 
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Performance Assessment of Hydrocyclone System for Aquatic Microplastics Removal Using 
Online Microscopy Sensors  

Zhenyu Yang, Kacper Pajuro, Stefan Jespersen, Dennis S. Hansen, AAU Energy, Aalborg University 

Introduction: Microplastic (MP) pollution has been an emerging environmental concern in recent decades. As 
reported, about 82% of marine litter is plastics and about 94% of marine plastics are microplastics. To cost-effectively 
collect these tiny debris from large and open environments, such as the open air and aquatic/marine systems, is far 
from trivial. Because MPs often contain of quite different chemical compositions, some chemical- or bio-based 
separation technologies in principle are not recommended, to avoid inducing any unexpected negative side-effect(s), 
e.g., unintended synthesis of hazardous compounds. The filter-based technique/system, as one of typical physical 
separation principles, is often deployed as an effective approach to collect MPs from air/aquatic environments. 
However, this kind of solution usually leads to a large installation footprint besides need of frequent handle of the 
notorious fouling problem, these challenges often lead to high OPEX and CAPEX for filtration-based applications.  

This work explored the feasibility to use the hydrocyclone technique for point-based aquatic MP capture, and the 
cyclone’s performance and removal efficiency are evaluated using online microscopy sensors. Compared with 
filtration-based methods, the hydrocyclone solution can lead to significantly low OPEX and CAPTEX, due to its small 
installation footprint, simple mechanic design, as well as its strong chemical, thermal and bio- robustness.  

Methods and data: A testing flow-loop is constructed as shown in Figure 1 (Left). An off-the-shelf commercial 
hydrocyclone liner (Vortoil D35) produced by Schlumberger is installed. The online microscopy sensing system used is 
Visual Process Analyser (ViPA), manufactured by Process Imaging Limited, and they are calibrated using dedicated 
statistical methods we proposed to guarantee the measurement’s accuracy and reliability. The red PE micro-spheres 
produced by Cospheric LLC with a density of 0.98g/cc and two different diameter ranges of 53-63 μm and 70-90 μm 
are mixed into 4 L tap-water. By differing the opening degrees of the underflow Vu and overflow Vo control valves of 
the hydrocyclone installation, different operating scenarios are mimicked.   

Results: High removal efficiency with >80% can be achieved in the operating region of Vu within 50-65%, and Vo within 
20-45%. The highest efficiency is 87,76% as shown in Figure-1 (Middle). The obtained efficiencies are also checked 
w.r.t. the controlled parameters of Pressure-Drop-Ratio (PDR) and feeding flowrate Qi as illustrated in Figure-1 (Right). 
It is also observed that it is easier to separate larger particles subject to the same density and surface characteristics. 

Discussion and take-home message: The applied hydrocyclone system can effectively remove light MPs from the 
water system subject to proper operating conditions, though this system is originally designed for de-oiling of OG 
produced water treatment. Naturally, this system is not suitable for removing MP compounds which densities are 
heavier than water, but some other type of cyclone systems, such as de-sanding cyclone, could be effective instead. 

 

    

 

Figure-1 (Left) Testing loop diagram     (Middle) Efficiencies vs diff Vu and Vo     (Right) Efficiencies vs PDR and Qi 
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Semicentennial trend analysis of irrigation and food variables reveal global disparities among 
countries and regions 

K. Manevski, AU-AGRO, SDC-W&E*, L. Liu, CAS-CARR, SDC-W&E, KU-PLEN** 
Abstract 
Irrigated agriculture has experienced unpreceded expansion to increase crop production and food security at global 
scale, despite stressing the freshwater resources. More importantly and in the context of the promising outcomes 
suggested by the framework of Boserup (1965) involving agricultural land intensification, the benefits of irrigated 
agriculture appear to vary considerably from region to region, prompting for re-assessment of irrigation as technology 
aiming to provide the basis of the society and to enhance the security of its people, with crop yield and drought seen 
as secondary economic vectors of irrigation uptake. 
This is the first trend analysis at global scale of the correlation between irrigation and food variables. Here we first 
used the Mann-Kendall Test to reveal monotonic upward or downward trends of the time series of area equipped for 
irrigation (AEI). We utilized the only two products of AEI (×1000 ha year-1) available at global scale, i.e., (1) the FAO 
Aquastat national annual statistics from 1973 to 2023 (FAO), and (2) the latest based on sub-national irrigation 
statistics at gridded (5 arc-min resolution) for the years 2000, 2005, 2010, and 2015 according to Meier (Mehta et al., 
2024). Both datasets provided comparable results for the countries having the largest expansion in AEI, being India, 
China, Brazil, and Bangladesh, of respectively, 860, 690, 108 and 105, and also Pakistan (140, FAO), USA (132, Meier). 
On the other hand, countries with recession of AEI were consistently Russia, Kazakhstan, Japan and Portugal, with 
19/93, 67/21, 17/12 and 12/7 for FAO/Meier, but also Colombia (12, FAO) and Romania and Bulgaria (ca. 35, Meier). 
Seen globally, these regions in East Europe and Central Asia with the largest recession of AEI were characterized by 
clear monotonic downward trend of food variables- kcal capita day-1 and kg food capita year-1 according to the Faostat 
data. Paradoxaly, Sub-Saharan Africa and several countries in South-East Asia with increasing trend in AEI overlapped a 
decreasing trend in food variables. Such disparity prompts for a rethink of irrigated agriculture driven by farmers 
cultivating foreign subsidised export crops against governments strategic effort of self-sufficiency at macro-level 
(Itangishaka et al., 2022; Fujiie et al., 2011). Field irrigation should promote resource collectivism, food security and 
social welfare – ultimately reducing hunger and environmental pollution and each country should prioritize a plethora 
of locally valid solutions.  
The findings of this study provide new insights into the evolving patterns of global irrigation with important 
implications for global water sustainability and especially food security. 

 

Fig. 1 Global trends of area equipped for irrigation based on two different datasets from 1972 to 2023 
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water-stressed regions. Nat Water 2, 254–261. 
 
 

mailto:kiril.manevski@agro.au.dk
mailto:linlinliu@sjziam.ac.cn


Operating experiences from the first year with solar cells placed over a green sedum roof 
N.H. Eisum, Huginn Consult ApS*, R.D. Jespersen, Lyngby-Taarbæk Forsyning**, K. Berthelsen, Nature Impact***, T. 

Mongstad, Over Easy Solar AS**** 

For the past 6 years, the waste water treatment plant at Mølleåen has had 2 green roofs with sedum grass of different 
thicknesses. The water retention potential and the peak flow reduction of the precipitation hitting these roofs has 
been measured and will be presented. 
 
The last year these roofs has also been equipped with double sided vertical solar panels arranged in East / West 
direction on top of the green roof. The panels produce therefore the most electricity in the morning and in the 
afternoon. 
 
The electricity production from the solar panels will be described, and the findings on how maintenance of the green 
roof influence the yield.. 
 

  
 

    * niels@eisum.dk : Enemærket 50, 8240  Risskov 

  ** rdj@ltf.dk : Firskovvej 38, 2800  Kgs. Lyngby 

*** kb@natureimpact.com : Sdr. Højrupvejen 130, 5750  Ringe 

**** trygve@overeasy.no : Filipstad brygge 1, 0252 Oslo, Norway 
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Assessing Diatom Diversity: Evaluating Artificial Substrates as Proxies for Natural Biofilm 
Communities of Water Leaching from a HCH Deposit.   
J.S. Jensen**, M. Strojsova*, A.K. Dybdahl**, E. Jespersen**, C. A. Arias**,*** 

Keywords: Diatoms, HCH, periphyton, substrate, treatment wetlands 

Introduction 
Biofilms, composed of microorganisms attached to surfaces in aquatic environments, play a critical role in 
ecosystem functioning and act as indicators of water quality. However, understanding and comparing biofilm 
characteristics across different locations is complicated by limited knowledge about biofilm age and the 
influence of various growth surfaces. This study investigates the potential of artificial substrates to serve as 
reliable proxies for natural biofilm communities, with a particular focus on diatoms. 

Methods and data 
This study was conducted in the treatment Wetland+ in Hájek, Czech Republic (50°17ʹ31.5ʺ N 12°53ʹ35.2ʺ E) treating 
highly pesticide contaminated water leaching from a HCH legacy deposit. Along the wetland, five plates of inorganic 
fritted glass discs (artificial substrate) were submerged 10 cm below the water surface and retrieved after a seven-
week incubation alongside naturally colonized rocks from surrounding areas for analysis. Diatom species were 
identified and quantified through light microscopy, and the Shannon-Wiener diversity index was calculated. 
Additionally, the composition of periphyton groups, including diatoms, green algae, and cyanobacteria, was analyzed. 

Results 
A total of 48 diatom species from 21 genera were identified. Both species richness and the Shannon-Wiener diversity 
index increased downstream in the wetland, peaking at sites 4 and 5 and reaching their lowest values at site 2. 
Differences in diatom communities between artificial substrates and natural rocks were observed only at the most and 
least polluted sites. 

Discussion and Take-Home Message 
Artificial substrates supported higher diatom diversity in areas with most and least pollution. While diatom 
communities showed consistent trends across substrates, diatom diversity on artificial substrates is not directly 
comparable to that on natural surfaces. Diatom colonization on artificial substrates can serve as reliable proxies for 
natural communities when used for relative comparisons. Diatom communities from natural substrates should not be 
directly compared to those on artificial substrates.  

*martina.strojsova@tul.cz: Department of Biology; Faculty of Science, Humanities and Education; Technical University 
of Liberec, Trebízskeho 1244/2, 460 01 Liberec, Czech Republic 
**josj@bio.au.dk, annekirstine.dybdahl@bio.au.dk, emil@bio.au.dk, carlos.arias@bio.au.dk: Department of Biology, 
Aarhus University, Ole Worms Alle 1, 8000 Aarhus C, Denmark 

***carlos.arias@bio.au.dk : WATEC, Aarhus University, Centre for Water Technology, Ole Worms Alle 3, 8000 Aarhus C, 
Denmark 
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Ultrapure- and Reject Water Treatment for Power-to-X Applications – A Technical Deep Dive 
S. Ravn-Andersen (Niras)* 

Introduction: 
The Power-to-X (PtX) industry has commenced and is positioned for substantial growth driven by political objectives to 
scale capacity by a factor of 200 to 300 by 2030. At the heart of this process is the use of electrical power to split water 
molecules through what is referred to as water electrolysis, a method that requires high-quality water, known as 
ultrapure water (UPW). The quantity and quality of UPW used for electrolysis differ from that of raw water, which has 
been drawn from the environment. Therefore, each must be addressed separately. UPW consists solely of H₂O, free from 
any impurities. During the UPW production, contaminants from the raw water source are separated and concentrated 
into a smaller volume, forming what is commonly referred to as reject or concentrate. Additionally, any chemicals used 
or residual byproducts from the UPW production accumulates in this reject stream.  

In recent years, local and national regulations have increasingly highlighted the dwindling environmental conditions of 
the Danish waters, underscoring the urgent need for action. Reject Water Treatment (RWT) provides an opportunity to 
reduce environmental impact, particularly given the projected annual ultrapure water consumption in the millions of 
cubic meters. Additionally, the up-concentration of impurities in the reject stream makes it more accessible and feasible 
for existing treatment methods. 

Despite the critical nature of this issue, the development and large-scale implementation of dedicated RWT technologies 
for UPW systems and water treatment facilities remain limited. The interaction between UPW and RWT plants is a 
relatively unexplored area due to the complexity of water treatment processes and a previous lack of motivation through 
less stringent regulative measures. This has previously resulted in reject water being insufficiently treated or discharged 
with minimal treatment. Consequently, there is a growing need for purpose-built treatment systems to handle reject 
water in large-scale projects. Niras, as a key consultancy, plays a vital role in bridging market needs, technology providers, 
and regulatory bodies to implement the best available solutions for such RWT plants. 

This work focuses on identifying key target compounds and addressing essential technical aspects and synergies 
between UPW and RWT plants. Insights will be drawn from industrial case studies, as well as a recently published report 
on RWT solutions for PtX applications, commissioned by the Danish Environmental Protection Agency (EPA). 
 
Methods and Data: 
The data presented in this study is based on a combination of experimental tests, extensive literature reviews, and 
system simulations. Collaborative efforts with the Danish EPA and EU tender material related to the first large-scale RWT 
plant provide critical insights and form the basis for the presented plots and analyses. 

Discussion and Key Takeaways: 
• Certain target compounds must be addressed irrespective of the system configuration. 
• The technical interdependencies between UPW and RWT plants are intricate and must be understood to optimize 

system performance. 
• RWT systems must be tailored to align with the specific characteristics of the water source(s), availability, UPW 

plant needs, regulatory requirements and costs. 
• The Danish approach highlights an opportunity to advance cleaner, greener technologies without compromising 

international PtX competitiveness. 

This holistic and forward-thinking strategy offers a pathway toward sustainable water management while supporting the 
growing demands of PtX applications. 

Presumptions for presentation 
• Large (MW-GW) Power-to-X facilities 
• Treated wastewater 
 
* sraa@niras.dk: Ceres Allé 3, 8000 Aarhus 
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Surface and Morphology Modulated Adsorption-Activation of Trace Concentration Hydrogen 
Peroxide with Multiple Electron Transfer Pathways and Sustained Fenton Reactions 
Zhiqun Xie*, Zongsu Wei**, Centre for Water Technology (WATEC), Department of Biological and Chemical Engineering, 

Aarhus University 

Introduction: To promote mass transfer and activation of hydrogen peroxide (H2O2) in Fenton-like reactions, a novel 
MOFs-derived Fe2O3 was talor-designed through surface sulfur modification and morphology tuning for degrading a 
group of persistent micropollutants.  

Methods and data: The introduction of Ca2+ and Mg2+ in MOFs structure modulated the growth of crystal clusters to 
prevent aggregation of Fe2O3 nanoparticles and provide more reaction sites. Likewise, the abundant acid sites (–SO3H) 
promote the chemisorption of even trace-concentration H2O2 (S–O bonding), whereas the S–Fe bonding accelerates 
electron transfer to promote the Fe3+/Fe2+ cycle and thus the H2O2 utilization. More interestingly, surface-adsorbed H2O 
is found to be activated to form •OH, due to electron-poor Fe sites formed after detachment of –SO3H, demonstrating a 
sustained radical yield for the micropollutant degradation.  

Results: Diverse spectroscopy and electrochemical instruments (XRD, XPS, FTIR, EPR, EIS, SEM and TEM) were used to 
characterize the structure and properties of this catalyst and demonstrate the degradation mechanism combined with 
density functional theory (DFT) calculations. The MOFs-derived structure and sulfur modification extremely enhanced 
the H2O2 utilization and SMX degradation. Nearly 76% SMX removal can be achieved in the first 2 min by using trace-
level catalysts (0.04 g L–1) and H2O2 (0.5 mM) and the degradation kinetics is well fitted to the pseudo-second-order 
kinetic model with a k value of 0.098 L mg–1 min–1.   

Discussion and take-home message: The structure derived from MOFs with the assistance of Ca2+ and Mg2+ can prevent 
the aggregation of Fe2O3 nanoparticles, thus increasing the availability of reaction sites. Then, sulfur modification can 
form many acid sites on the catalyst surface, which can improve the affinity and activation for the trace H2O2. In addition, 
the Fe-S bond was responsible for the efficient conversion of Fe(III) into Fe(II) which can extremely promote the redox 
reactions that occur on the catalyst surface. FTIR, EPR and XPS exhibited strong evidence of H2O activation induced by 
the electron-poor Fe, which is also responsible for the mineralization of the SMX. These synergistic effects result in the 
excellent catalytic degradation of a group of micropollutants. This study opens new perspectives in catalyst design to 
ultimately realize the utilization of trace-concentration H2O2 and even H2O in Fenton-like systems. 
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Membrane Distillation Crystallization a Sustainable Approach for Magnesium Recovery from 
Brine 

Asif Saud 1*, Aamer Ali 2, Cejna Anna Quist-Jensen1 
1Center for Membrane Technology, Department of Chemistry and Bioscience, Aalborg University, Fredrik Bajers Vej 7H, 9220 Aalborg  

2Department of Energy, Aalborg University, Pontoppidanstræde 111, 9220 Aalborg East, Denmark 
*Corresponding Author’s E-mail address: asifsaud@bio.aau.dk 

Introduction: Magnesium (Mg) is in high demand due to its essential roles in agriculture, medicine, and electronics [1]. 
As traditional land-based sources are nearly depleted, industries and researchers are exploring alternative sources, such 
as reverse osmosis (RO) brine [2]. By applying nanofiltration to RO brine, it can be separated into monovalent and 
multivalent ionic streams, making it a viable mineral source. Membrane distillation crystallization (MDC), which operates 
on the principle of a temperature gradient, is an advanced technique for mineral recovery from highly concentrated 
streams. In this study, MDC was used to crystallize magnesium sulfate from the multivalent nanofiltration brine stream, 
with temperature and flow rate optimized for MgSO₄ recovery. 
Methods and data: A lab-scale MDC setup consisting of a hollow fibre membrane module containing 25 fibres 
(polypropylene) was used. Synthetic nanofiltration brine was prepared (Table 1). The effect of various parameters 
including temperature (41.87 ± 0.5°C, 54.9 ± 0.65°C and 64.5 ± 0.54°C feed side temperature vs 20 °C permeate side 
temperature), flow rate (0.122 m/s and 0.63 m/s) were tested. At the end, MgSO4 get separated from mixture of crystals 
by newly developed method. 
Results: Observations across feed temperatures (41.87 ± 0.5, 54.9 ± 0.65, and 64.5 ± 0.54°C, with a permeate 
temperature of 20°C) show that higher temperatures increase transmembrane flux (0.50 ± 0.03, 1.139 ± 0.13, and 1.94 
± 0.24 kg/m²·h) but also accelerate flux decline. Conversely, flow rates of 0.122 m/s and 0.63 m/s reveal a significant 
difference in the rate of transmembrane flux decline, indicating that hydrodynamics plays a crucial role in MDC 
performance. Elevated flux at higher temperatures causes higher supersaturation, promoting nucleation and limiting 
crystal growth, resulting in smaller crystals than at lower temperatures. Crystal size distribution (CSD) narrows with 
temperature, with CV% values of 24.17, 26.55, and 31.13% from high to low temperatures. 
 

 
 
 
 

 
 

On the other hand, it was also observed that the presence of 
other ions (Na, K, Mg) reduces the solubility of MgSO₄ and 
promotes co-crystallization with NaCl, posing a challenge during 
the final separation stage. The process parameters tested (temperature of 64.5 ± 0.54°C vs. 20°C and a flow rate of 0.122 
m/s) delayed the crystallization of MgSO₄ to a higher recovery factor, attributed to the increased solubility of MgSO₄ at 
elevated temperatures. The recovered crystals, consisting of a mixture of NaCl and MgSO₄ (Fig 1a), were then separated 
using a newly developed method (Fig 1b). 
Discussion and take-home message:  
Optimized temperature difference and hydrodynamics are essential for controlling MDC performance and ensuring 
consistent crystal quality. The presence of additional ions lowers MgSO₄ solubility and promotes co-crystallization with 
NaCl, creating separation challenges. However, elevated feed temperatures can mitigate this co-crystallization effect, 
enhancing separation efficiency. 
Acknowledgments: The Authors acknowledges the financial support of the European Union’s Horizon Europe Research 
and Innovation Programme under the project EXBRINER “Next-generation membrane technologies for sustainable 
exploitation of seawater brine resources: transition towards a circular blue industry” (HORIZON-MSCA-DN-2021, Grant 
Agreement No. 101072449). The authors are also greatly thankful to the Poul Due Jensen Foundation for funding through 
the project “Membrane Distillation and Membrane Crystallization for recovery of water and minerals from waste 
streams.” 
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NF brine (salt 
composition) 

Concentration 
[g/L] 

Concentration 
[g/L] - 8x 

NaCl 14.7 117.6 
KCl 0.64 5.12 
MgCl2.6H20 23.99 191.92 
MgSO4.7H2O 39.6 316.8 
CaCl.2H2O 0.01 0.08 
Na2SO4 0.1 0.8 

Table 1. Nanofiltration brine composition used in this 
study. 

 

Fig.1. Microscopic image of MgSO4 before(1a) and after purification (1b). 
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Full-Scale Implementation of Resource Recovery from Industrial Water Streams at Nopa 
Nordic 
Jonathan Guld Christensen¹, Lotte Bjerrum Friis-Holm¹, Bjarne Henriksen² ¹Danish Technological Institute, ²Nopa Nordic 

Industrial water management presents significant challenges in terms of resource efficiency and environmental impact. 
The ReUse-project, supported by the Danish Environmental Protection Agency (EPA), has successfully demonstrated 
the potential for resource recovery and water reuse in various industrial settings. This abstract focuses on the full-scale 
implementation at Nopa Nordic, a personal care products manufacturer. 

A comprehensive mapping of water streams at Nopa Nordic identified substantial opportunities for reducing product 
loss to sewers and decreasing the load on their wastewater treatment plant. Following successful pilot trials, a full-
scale implementation was achieved, combining time and flow control systems tailored to Nopa Nordic's specific needs. 

The methodology included: 

1. Detailed analysis of water quantity, quality, and resources present in various waste streams 

2. Evaluation of technological feasibility, cost savings, and value creation 

3. Selection and implementation of the most promising ReUse-cases 

Results from the full-scale implementation show: 

• Significant reduction in wastewater discharge 

• Recovery of valuable resources from wastewater 

• Decreased energy consumption 

• Improved production overview and process control 

The project not only reduced Nopa Nordic's environmental footprint but also yielded economic benefits and enhanced 
competitiveness. The combined mapping of water, energy, and resources demonstrates how informed decision-making 
can support both economic and environmental goals. 

The ReUse-project showcases the potential for industrial water reuse and resource recovery as a sustainable solution 
that can be widely applied across industries to achieve green transition and increased competitiveness. This 
presentation will discuss the specific results from Nopa Nordic and explore the broader applications of this 
methodology in other industrial contexts. 

Keywords: Industrial water reuse, resource recovery, circular economy, sustainable manufacturing, wastewater 
management. 

  



Mg/Ca coupled with sucrose-based biochar as CDI electrodes for selective removal and 
recovery of phosphorus 

Tanzila Sharker*, Aidan Mark Smith**, Jens Muff*** 

* tsh@bio.aau.dk & *** jm@bio.aau.dk: Department of Chemistry & Bioscience, Aalborg University, Niels Bohrs Vej 8, 
6700 Esbjerg, Denmark, ** aidan.smith@bce.au.dk : Department of Biological and Chemical Engineering - Process and 
Materials Engineering - Hangøvej 2  

Capacitive deionization (CDI), utilizing porous carbon materials and the concept of the electrical double layer (EDL) 
concept, has emerged as a promising approach for ion removal from aqueous solutions. However, when applied to 
phosphate removal, CDI faces challenges in developing materials with high phosphate selectivity. Additionally, the 
regeneration and recyclability of CDI electrodes remain problematic, hindering their practical application in long-term 
phosphate removal scenarios. If CDI can be optimized for the selective removal of phosphorus and other essential 
nutrients, it would provide a transformative solution for both water purification and resource recovery. Such a 
development would allow industries and municipalities to not only prevent environmental contamination but also 
recapture valuable materials from wastewater streams, supporting the circular economy. 
Therefore, the primary purpose of this study is to develop CDI electrodes from sucrose-based biochar for the selective 
removal and recovery of phosphorus. Sucrose is commonly utilized as a precursor for synthesizing adsorbent materials 
due to its excellent properties, including a high specific surface area and multiple functional groups on its surface. 
Initially, hydrochar was synthesized from sucrose coupled with various metals, including Ca and Mg, through 
hydrothermal carbonization at <200 °C. The hydrochar was then activated at 600 °C, with a heating rate of 10 °C/min 
under a continuous flow of nitrogen gas for 1 hour. The resulting metal-biochar materials were carefully ground and 
sieved to a particle size of 0.5–1 mm to ensure uniformity for experimental use. So far in this study, basic 
characterizations such as FTIR and the point of zero charge (pHPZC) were conducted. Over the next two months, it is 
expected to investigate various factors, such as applied potential, metal loading, different water matrices, and initial pH, 
for studying their impact on the selective removal of phosphate. The phosphate adsorption mechanism, kinetics, and 
equilibrium isotherm will be examined based on the experimental results and material characterization findings. Besides, 
focus will also be on establishing an effective method for electrode regeneration. 
In the FTIR plot of Ca-biochar, a peak at ~640 cm⁻¹ is observed, likely corresponding to Ca–O stretching vibration. In the 
Mg-biochar, two smaller intensity peaks around 853 cm⁻¹ and 776 cm⁻¹ are attributed to the stretching vibrations of Mg-
O and O-Mg-O bonds, while the peak at ~560 cm⁻¹ is associated with lattice vibrations of Mg-O bonds. The zeta potential 
measurements revealed that the Mg-biochar and Ca-biochar have points of zero charge (pHPZC) around 10.0 and 9.0, 
respectively, indicating a positively charged surface below pHPZC and a negatively charged surface at pH values above 
pHPZC. Phosphate ions, typically exhibiting a negative zeta potential due to their inherent negative charge in solution (for 
example, as HPO₄²⁻ or PO₄³⁻), are electrostatically attracted to adsorbents with a positive surface charge. In theory, the 
dual adsorption mechanism, which combines electrostatic attraction and chemical precipitation, makes Ca- and Mg-
coupled biochar highly effective for phosphate removal. 

 
Figure – Flow diagram of the CDI process for phosphate removal using metal-loaded sucrose-based biochar electrodes. 
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Electroactive Microbes: Pioneering Waste-Powered Batteries, Green Transition, and Clean 
Water 

Ramya Veerubhotla, Center for Water Technology (WATEC), Aarhus University, Aarhus C, 8000, Denmark. 

Electrochemically active microbes (EAM) are revolutionizing sustainable technologies, including bio-batteries, 
wastewater treatment, hydrogen production, and bioremediation. Electroactive microbes (EAM) are typically classified 
into two types: electrogens, which generate electrons during metabolism, and electrotrophs, which use external 
electrons for growth and energy production. My PhD research introduced an electrogenic microbes powering an 
innovative bacterial biofuel cell using paper and carbon electrodes, producing 10 µW of power from wastewater. This 
device, costing under 1 DKK, scaled up to 0.1 mW, powering IoT-based sensors for real-time environmental monitoring. 
This technology demonstrated significant potential for eco-friendly energy generation from real-time wastewater, 
powering watches, LEDs, digital clocks, sensors and several low-power consuming electronics. 
(https://www.youtube.com/watch?v=ZKkZmOKrIv4&ab_channel=RamyaVeerubhotla) 

My current research work, focuses on bioelectrocatalytic nitrogen fixation (e-BNF), an emerging technology that employs 
electrotrophs to fix nitrogen in an energy-efficient and sustainable way by combining biological and electrochemical 
processes. Using renewable energy and electricity-feeding microbes, this study screens for potent electricity-feeding 
microbes that can generate ammonia.  

Introduction: Electroactive microbes (EAM) are transforming wastewater treatment and sustainable energy production 
due to their ability to mediate redox reactions through electron transfer to and from conductive electrodes. Traditional 
wastewater treatment consumes significant energy to reduce chemical and biological oxygen demand. In contrast, 
Microbial Fuel Cells (MFCs) using EAM convert organic matter in sewage into bioelectricity, generating electricity as a 
by-product while lowering oxygen demand. Moreover, integrating EAM into Power-to-X (P2X) processes like microbial 
electrolysis enables direct wastewater conversion into valuable fuels, turning wastewater treatment into an energy-
generating process. This also significantly reduces the treatment footprint, making it more sustainable. 

Methods and data: The study introduces an innovative microbial fuel cell (MFC) that can be fabricated from readily 
available materials to function with EAM and generate electricity. It features rapid start-up times and generates a 
maximum power density of 8.75 W/m3 Additionally, we demostrate a custom-made device employing the electrotrophic 
properties of the microbes, showcasing their ability to efficiently convert organic matter into electrical energy. 

Results: From real-time wastewater, such as urine, a single batch operation of ten stacked MFC devices can power a 
digital watch for 30 seconds, sustain LEDs blinking for 5 minutes, and power an IoT sensor for 10 seconds every half hour. 
This demonstrates the practical applications and efficiency of the MFCs in real-world scenarios. 

Discussion and take-home message: Electroactive bacteria (EAB) are at the forefront of transforming wastewater 
treatment into a sustainable powerhouse. By harnessing the power of biobatteries, these microbes convert organic 
waste into electricity, offering a clean energy source while improving water quality. Meanwhile, e-BNF taps into 
renewable electricity to drive nitrogen fixation, turning wastewater into valuable fuel and fertilizers. Together, these 
bioelectrochemical systems offer a groundbreaking solution, merging energy production with water management and 
propelling the green transition toward a more sustainable future. 

 

 

    * ramya@bio.au.dk: WATEC, Department of Biology, Aarhus University, DK-8000 C, Aarhus, Denmark 

 

 
 
 
 
 

https://www.youtube.com/watch?v=ZKkZmOKrIv4&ab_channel=RamyaVeerubhotla
mailto:ramya@bio.au.dk


Development of films from wastewater recovered materials for membrane applications 
Javier Romero Gil* & Thomas William Seviour**, Department of Biological and Chemical Engineering, WATEC & BCE 

Introduction: Wastewater treatment is a vital process for society to ensure clean water in our environment and 
sustainable practices. Activated sludge (AS) is one of the most widely used biological treatment to remove organic 
matter from water. This process creates a major fraction of leftover waste sludge that is currently not well valorised 
and is mostly discarded or burnt for energy. One of the main components of AS are Extracellular Polymeric Substances 
(EPS) which are complex polymers of untapped potential. The need for complex biopolymers in society and the 
replacement of non-renewable sourced polymers conveys the importance of utilizing this source. Novel extraction 
methods using ionic liquids, which are ionic salts liquid at room temperature are able to extract these recalcitrant 
polymers and can be used as a platform for development of new biomaterials that can be used for different 
applications, including membrane development.  

Materials and methods: EPS was extracted from wastewater using ionic liquids and blended with cellulose from 
different sources in different ratios. The blend was cast into films using a doctor blade and subsequently precipitated in 
an antisolvent bath to form a stable film. The films were subsequently dried and treated with alcohols to enhance 
mechanical properties. Films were tested through Dynamic Mechanical Analysis, tensile tests and calorimetric assays. 
Films were also tested for permeability for membrane applications with dyes of different molecular weights using 
connecting cells.  

Results and discussion: Films were successfully cast with remarkable mechanical properties. The inclusion of EPS 
blended with cellulose into ionic liquid created a new composite material not described before. It enhanced the 
thermostability of the biomaterial, maintaining the mechanical properties at higher temperatures. Permeability tests 
using the films allowed for the separation of two dyes of molecular weight 20 kDa and 300 Da, proving that they 
function as semipermeable membranes of a determined molecular weight cutoff. 

 

Figure 1. Films developed with cellulose and the blend of cellulose and EPS and their use in the separation of two dyes 
of different molecular weights 

Take-Home Message: Resources recovered from wastewater can be used to create biomaterials that can be used as 
membranes for different applications 

* jrg@bce.au.dk; ** twseviour@bce.au.dk:  Department of Biological and Chemical Engineering, Aarhus University, 
Olle Worms Allé 1, 8000 Aarhus Denmark 
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Phosphate Recovery from Groundwater Treatment Sludge 
Tinatin Tkesheliadze,1,2 Kaifeng Wang,1 Peter E. Holm,2 Case van Genuchten1 

Introduction: Groundwater treatment produces sludge rich in phosphate (P), a critical resource needed to sustain global 
agricultural needs. Nevertheless, this waste stream has been overlooked for its potential for resource recovery due to 
coexisting toxic components, particularly (As). Our group is developing novel methods to remove toxic As from 
groundwater treatment sludge by alkali extraction and subsequent selective As reduction, which leaves an alkali solution 
rich in aqueous P that can be recovered as calcium phosphates (Ca-P). However, the P-rich solution also contains low 
concentrations of residual aqueous As(V), posing a potential challenge for P recovery via precipitation as solid Ca-P due 
to the similar chemical reactivity of P and As(V). In this study, we dosed CaCl2 to P-rich solutions containing low As 
concentrations with the goal of finding optimal conditions to recover as much aqueous P as possible, while minimising 
As accumulation in the Ca-P solids. A variety of experimental conditions were investigated (i.e. solution chemistry, 
reaction time) and measurements of P recovery were coupled with structural analysis of the formed Ca-P solids. 
Methods and data: Precipitation reactions were performed by adding calcium chloride (CaCl2) to synthetic solutions 
containing 30 mM P and 5 mg/L arsenate (As(V)). Before CaCl2 addition, the initial pH was set to 10 in each experiment 
to match the pH of the alkali solution used to extract As and P from groundwater treatment sludge. The efficiency of P 
removal from solution was tested across a range of variables including the dosed Ca/P ratio (i.e., by adding 30 or 50 mM 
CaCl2), the co-occurrence of key ions (sulfate, sulfite, silicate) and reaction time (1 hour to 1 week). In addition, the 
impact of pH was investigated by performing two sets of experiments. In the first set of experiments, the pH was allowed 
to drift following CaCl2 addition, leading to a steady decrease in pH throughout the experiment (herein referred to as pH 
drift experiments). In the second set of experiments, the pH was adjusted to 8 with NaOH after the addition of CaCl2 
(herein referred to as pH adjusted experiments). After the reaction, the solids were centrifuged and reserved for 
characterization by pair distribution function (PDF) analysis of high-energy X-ray scattering data (DESY, Hamburg, DE). 
The supernatant solution was passed through a 0.22 µm filter and acidified for measurements of dissolved inorganic 
species, including P and As, by inductively coupled plasma optical emission spectrometry (ICP-OES).  
Results: Figure 1 shows that dosing CaCl2 resulted in at least 60% P removal from solution for all experiments, but some 
deviation among the experiments was observed depending on reaction conditions. For example, in the pH drift 
experiments, CaCl2 dosed at a Ca/P ratio of 1 resulted in less P removal from solution (60% after 1 hour), compared to 
pH adjusted experiments (70% after 1 hour). In addition, increasing the dosed Ca/P ratio from 1 to 1.6 yielded higher P 
removal (>90%) in most cases. However, this increase in P removal came at the expense of increased solid-phase As 
content. For example, P removal in the pH adjusted experiment using a dosed Ca/P ratio of 1.6 was nearly 100% after 1 
hour of reaction, but the solids had 2.5 times higher As levels (As/P = 10-3 mol/mol) than the solids generated in the 
analogous experiment with Ca/P = 1 (As/P = 4x10-4 mol/mol). Finally, reaction time played a secondary role in P uptake 
and the resulting As/P ratio, with the 1 week aging samples showing the largest deviation (Figure 1). The pair distribution 
functions (PDFs) of all samples indicated that the Ca-P precipitates formed in all experiments consisted of hydroxyapatite 
(Ca5(PO4)3OH; HAP). Little structural deviation among the HAP solids was evident in the PDFs regardless of the wide 
range of experimental conditions, though some trends in relative peak amplitude were present in the pH drift and pH 
adjusted experiments. These small but important structural changes will be investigated in our future work.  
Discussion and take-home message: The results from 
our study suggest an optimal dosed Ca/P ratio between 
1 and 1.6 that can remove a high fraction (>60%) of P 
from solution, while minimizing As uptake into the solid. 
In addition, we found that the final pH of the HAP 
suspension formed from dosing CaCl2 to P-rich solutions 
is a critical parameter that governs P and As removal. 
Taken together, these results can help improve the 
design of resource recovery systems for groundwater 
treatment sludge, which will help shift the paradigm in 
how this waste stream is managed today. 
 
 1 tintk@geus.dk: Geological Survey of Denmark and 
Greenland, Department of Geochemistry, Øster 
Voldgade 10, 1350 Copenhagen, DK 
 2 tinatin@plen.ku.dk University of Copenhagen, 
Department of Plant and Environmental Sciences, 
Thorvaldsensvej 40, 1871 Frederiksberg, DK 

 

Figure 8. Phosphate removal (bars) and removed As/P ratio 
(secondary axis, red asterisk (*)) for different reaction conditions, 
including time, pH and dosed Ca/P ratio. Experimental conditions 
of sample 1.6As-A represent Ca/P ratio of 1.6 with pH adjusted to 
8 after CaCl2 dosing. 
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 UNDERSTANDING THE SLUDGE PROTEOME: KERATIN AS AN EMERGING PROTEIN OF 
INTEREST 

 Amrita Bhattacharya *, Thomas Seviour * *Aarhus University BCE  

Resource recovery from wastewater has emerged as a critical strategy for sustainable water management and 
environmental conservation. The various valuable organic and inorganic components present in wastewater are gaining 
significant attention due to their abundance in sludge and applications in various fields. Wastewater treatment processes 
generate sludge, a byproduct rich in organic matter, including proteins that can serve as a valuable resource for 
bioengineering, agricultural, and pharmaceutical sectors. The recovery of proteins from sludge offers a dual benefit: 
reducing the environmental impact of waste disposal while creating a sustainable source of bio-based materials. These 
proteins, primarily derived from microorganisms in the activated sludge and from human waste, can be harnessed for 
use in animal feed, bioplastics, biofuels, and even as components in medical applications such as drug delivery systems. 
Furthermore, the recovery of proteins from wastewater sludge aligns with the principles of the circular economy by 
promoting waste-to-resource strategies. This abstract underscore the potential of proteins in wastewater sludge as a 
renewable resource, contributing to environmental sustainability and economic growth while enhancing the efficiency 
of wastewater management systems.  

Proteins originating from human waste are of particular interest, as they can serve as markers of the types of waste 
being introduced into wastewater systems, providing valuable insights into the composition of the incoming effluent. 
Our study, utilizing advanced proteomics techniques, has identified a range of microbial and human-origin proteins in 
wastewater sludge, revealing the complex interaction between human-derived proteins and microbial communities. 
These findings not only highlight the potential of sludge proteins as a renewable resource but also offer a novel approach 
to monitoring and managing wastewater composition. 

In our study, we identified keratin as one of the major components of the sludge proteome, underscoring its potential 
as a valuable bioresource derived from wastewater. Keratin is a fibrous structural protein commonly found in human 
hair, skin, and nails, and its presence in the wastewater sludge reflects the complex mix of organic matter entering 
treatment systems. Keratin's robust, durable, and insoluble nature makes it a particularly interesting candidate for the 
development of biomaterials with a wide range of desirable properties. Its high tensile strength, resistance to 
degradation, and biocompatibility are attributes that could significantly enhance the functionality of bio-based materials 
derived from wastewater sludge. 

The incorporation of keratin into biomaterials can confer improved mechanical properties, stability, and resilience, 
making it suitable for applications in fields such as bioplastics, wound healing, tissue engineering, and filtration systems. 
Additionally, keratin's ability to retain moisture and its potential for promoting cell adhesion could offer promising uses 
in agricultural or medical biotechnologies. Given its unique properties, keratin recovered from sludge could serve as a 
sustainable, eco-friendly alternative to synthetic polymers, contributing to both resource recovery and the development 
of innovative biomaterials. Our study highlights how the identification of keratin within the sludge proteome opens 
exciting possibilities for turning wastewater byproducts into high-value materials with wide-ranging applications, further 
advancing the circular economy and sustainable material design. 

 

 

 

 

 

 

 

 

 



Harnessing Activated Sludge as a Source of Humic Acids: Innovative Extraction and 
Characterization 

S.A. Zahra, Aarhus University*, T.W. Seviour, Aarhus University**, A. Bhattacharya, Aarhus University***  

Extracellular polymeric substances (EPS) are complex mixtures of high-molecular-weight biopolymers secreted by 
microorganisms. Despite the critical role played by the EPS in water and wastewater biofilms (e.g., promoting 
flocculation of activated sludge, provide structural integrity, protection, and a matrix for nutrient and waste exchange in 
microbial communities), the exact composition and identities of EPS in environmental and water biofilms remain a 
mystery. Humic acids (HAs) are organic macromolecules with wide applications in agriculture, environmental 
remediation, and industrial processes. HA are reported to be one of the major components of EPS, and play a vital role 
in the stabilization of microbial flocs, the sorption of pollutants, and the overall performance of wastewater treatment 
processes. However, the presence of HA in EPS has not been proven directly because they have yet to be isolated and 
they still cannot be described in specific molecular terms. This study explores the recovery and characterization of humic 
acids from activated sludge´s EPS using Fenton oxidation. Advanced analytical techniques, including spectroscopy and 
chromatography, was employed to characterize the recovered humic acids. The Py-GCMS analysis of the isolated HA 
reveal various compounds, including phenolics, aliphatic hydrocarbons, aromatic compounds, and nitrogen-containing 
compounds. These findings align well with the structural characteristics observed in the FTIR and NMR spectra of the 
same sample, confirming the presence of various functional groups and complex molecular structures. Overall, HA have 
been successfully isolated from activated sludge and the results were similar along with previous studies of Py-GCMS of 
soil and sediments.  Further research should explore the functional role of HA within EPS, particularly its implications for 
resource recovery. Specific areas of interest include its potential applications as biosurfactants, natural coagulants, and 
heavy metal adsorbers, as well as the impact of environmental factors like seasonality on HA dynamics. 
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Isolating and identifying sugars in activated sludge and biofilm isolates 
Mojtaba Azari-Anpar, Thomas Seviour 

Introduction: Waste-activated sludge, a significant by-product of wastewater treatment, represents a valuable resource 
for biopolymer recovery within a circular economy. This study focuses on the isolation and characterization of 
exopolysaccharides (EPS) from activated sludge and Zoogloea resiniphila. Understanding the composition and role of 
these biomolecules is key to enhancing biopolymer recovery processes and improving wastewater treatment efficiency. 

Methods and Data: EPS were extracted from activated sludge using an ionic liquid aqueous two-phase system (IL-ATPS) 
and purified via anion exchange chromatography and size exclusion chromatography. For the isolation of 
lipopolysaccharides (LPS) from Z. resiniphila, the hot phenol extraction method was used, followed by treatment with 
DNase, RNase, and proteinase K for further purification. Structural characterization of both EPS and LPS was conducted 
using FTIR, H-NMR, and endotoxin colorimetric assays to confirm the presence of LPS and assess their composition. 

Results: IL-ATPS extraction of activated sludge yielded an fraction enriched in sugars, with the sugar content remaining 
largely consistent compared to raw sludge. FTIR and NMR analyses confirmed LPS as the dominant sugar fraction in 
activated sludge, characterized by distinct bulk regions corresponding to the ring protons of monosaccharides and 
aliphatic regions typical of lipopolysaccharides. HPAEC-PAD analysis identified the presence of fucose, galactosamine, 
glucosamine, galactose, and glucose. For Z. resiniphila biofilms, a similar LPS fingerprint was observed, albeit with 
variations in monosaccharide composition and concentrations, including fucose, rhamnose, galactosamine, 
glucosamine, galactose, glucose, and ribose, as revealed by HPAEC-PAD. Endotoxin assays further confirmed the 
presence of LPS, highlighting its significance as a key component. Additionally, a low concentration of mucin was 
detected in the samples. IL-ATPS demonstrated higher efficiency in extracting EPS from activated sludge, while hot 
phenol extraction successfully isolated LPS from Z. resiniphila. Our findings suggest a critical role for LPS in flocculation, 
or activated sludge and possibly Z. resiniphila, and understanding their composition and function in activated sludge 
assembly could lead to improved biopolymer recovery processes. 

Discussion and take-home message: This study highlights a potentially significant role of LPS in flocculation and their 
potential as high-value biomaterials. The findings can contribute to optimizing sludge processing and biopolymer 
recovery methods. Future research will focus on endotoxin quantification, refining purification techniques, and further 
exploring the function of LPS in sludge flocculation mechanisms. 
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Effects of salinity oscillation on planktonic bacteria and biofilm formation 
A. Van Alin1, J. S. Poulsen2, K. Koren2, K.U. Kjeldsen2, R. L. Meyer1,2 

Water scarcity is a critical global issue, and while reverse osmosis (RO) desalination helps increase water 
supply in stressed areas, its development faces challenges such as scaling and biofouling. Biofouling in RO 
desalination systems reduces efficiency, increases energy consumption, and raises maintenance costs. One of 
the main reasons for biofouling in continuous RO technologies is the adaptation of microbial communities to 
high salt concentrations over time. Therefore, it is hypothesised that continuous exposure to high and low 
salt concentrations through salt oscillation cycles can prevent or delay microbial adaptation. 
To test this, a cell suspension was prepared from the biofilm formed on an RO membrane to mimic the adapted 
microbial consortia of an RO system. Unfiltered and untreated tap water from Aarhus city, Denmark, was used 
as another inoculation source. Initially, it was studied whether a planktonic microbial community could be made 
vulnerable to salinity changes by first adapting it to one salinity and then exposing it to another. Subsequently, 
to determine if oscillating salinity stresses the bacteria in a way that delays their growth after exposure to non-
optimal salinity, the planktonic subpopulation was grown without any salt for 18 hours, then treated with three 
consecutive cycles of salt oscillation, each cycle lasting two hours. The tested oscillating salt concentrations were 
between 0.05%-0.5%, 0.05%-2.5%, and 0.05%-5%. Finally, the effect of oscillating salt concentration on 
biofouling was tested using a membrane fouling simulator (MFS). 
Three cycles of oscillating salt concentrations at 0.05%-0.5% and 0.05%-2.5% showed no effects on either the 
tap water microbial community or RO cell suspension. However, increasing the upper limit of salt 
concentration to 5% resulted in a slower growth rate of the microbial community treated with three cycles of 
oscillation between 0.05%-5%, compared to the samples continuously grown at 0.05% salt (Figure 1a and b). 
Therefore, oscillating between 0.05%-5% salt was selected as the desired condition to be tested on MFS. 
Analysis of the biofouling membrane using optical coherence tomography (OCT) showed that the biofilm 
formed on the membrane for about 48 hours swelled after the first exposure to high salt (5%) solution, then 
shrank when re-exposed to the 0.05% solution. Moreover, the third oscillation resulted in the detachment of 
30-40% of the biofilm from the membrane.  
Therefore, oscillating salt cycles can delay biofouling growth by slowing down the planktonic 
subpopulation’s growth and removing a significant proportion of the formed biofilm. 
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Figure 1: Impact of oscillating salt concentrations on planktonic microbial communities prepared from a)tap 
water and b) cell suspension prepared from a biofilm formed on a reverse osmosis membrane.  
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Induction Time Investigations for Assessing Scaling Risk in Feedwaters of Reverse Osmosis 
Systems using Batch Operation 

L. Ramsay*, E. Auðbjörnsdóttir**, T.L. Skovhus***, D.A. Søborg**** 

Introduction: Scaling may be considered the Achilles' heel of the water treatment method reverse osmosis (RO), 
causing increased energy costs and antiscalant use worldwide. As freshwater is produced by the system, the RO 
concentrate may exceed the solubility of various minerals. When minerals precipitate, RO membranes become 
clogged. Induction time is defined as the time interval between the initial moment of supersaturation and the 
formation of an appreciable amount of solid phase. In contrast with continuous operation of an RO system, a batch 
operation mode may reduce scaling if, for example, the period of supersaturation is shorter than the induction time. 
Methods: In this study, the geochemical model PHREEQC was used to identify critical minerals in five feedwaters (fjord 
water, river water, treated wastewater, groundwater, tap water). A mineral was considered critical if the RO 
concentrate exhibited a high saturation index (SI) and high precipitation potential (PP) simultaneously. In addition, 
induction times for calcium carbonate in artificial feedwaters were investigated in triplicate for four RO recoveries. For 
the laboratory set-up, two-litre Blue Cap flasks were used, and solutions of calcium chloride and sodium hydrogen 
carbonate were mixed to create solutions supersaturated with calcium carbonate. pH values in the supersaturated 
solution were logged every 2 seconds, and a pH drop of 0.03 pH units was used to mark the end of the induction time. 
Results: Results from PHREEQC showed that calcite was the most critical scaling mineral in the sampled feedwaters, 
with SI indexes of approximately 2-2½ and precipitation potential for 0.007-0.014 mol/kg for 90% recoveries. Dolomite 
showed higher SIs, but lower PPs. Quartz and Chalcedony (silicate minerals) had lower SI and PP. Although it had a high 
PP, gypsum was generally not supersaturated. 
The figure below shows an example of pH changes in time for a sample representing treated wastewater at 90% 
recovery. The initial drop is caused by adding the calcium chloride solution to the sodium hydrogen carbonate solution. 
The start of the induction time interval is set as soon as the pH begins to rise. After reaching a plateau, the pH begins 
to drop slowly as calcium carbonate precipitates. The end of the initiation time interval is set when the pH drops 0.03 
pH-units. In the example below, this is a little over 300 seconds, or 5 minutes.  

 
Discussion and take-home message: Fjord water was the only feedwater showing an induction time under 10 hours at 
50% recovery. Therefore, scaling in a batch setup at 50% recovery is not problematic. At 90% recovery, however, all five 
water types showed induction times of 5 minutes or less. This means that when operating at the highest recovery 
rates, the batch operation mode is likely to reduce scaling, but is not necessarily sufficient to avoid all scaling risks. 
Pilot scale testing will be carried out at a later stage in the project to quantify actual scaling at high recoveries in batch 
operation mode in a real-world setting. 
* lora@via.dk: Banegårdsgade 2, DK-8700 Horsens, Denmark 
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Using conductivity as a surrogate to enable real-time monitoring of chloride concentration 
to support stormwater quality control during winter  

Ole Schultz, L. M. G. Coelho*, DTU Dept. of Engineering Technology 

Introduction:  
Sustainable stormwater management is based on solutions using principles like temporary storage and infiltration to 
reduce peak flows and total runoff volume. Infiltration solutions can be very helpful in reducing the volume of runoff 
and alleviating the amount of water sent to the drainage pipe network. However, municipal authorities can limit 
infiltration depending on the existence of pollutants in stormwater to protect groundwater aquifers. An example of this 
is the rise in the concentration of chlorides in stormwater during winter due to the spread of salt in sidewalks and streets. 
On the one hand, the municipalities must comply with the requirements of the regulations. On the other hand, to 
facilitate the operation and enable optimized use of the infiltration basins, municipalities must be able to monitor the 
concentration of chloride in real-time in a way they can or cannot use the infiltration basins. However, in situ direct 
chloride measurement is still a challenge, as chloride probes are not robust and durable enough to enable long-term 
usage in such applications. In this context, using surrogate parameters that can be easily measured continuously to 
indicate chloride variations is a promising alternative to support municipalities' stormwater management and control in 
winter. So, the main purpose of this paper is to investigate the feasibility of using water electrical conductivity as a 
surrogate to follow chloride concentration in stormwater basins. 
 
Methods and data:  
As a case study it was used a stormwater basin located in the municipality of Frederiksberg in a public playground 
situated in Egernvej street. In this place there is an underground storage basin connected with an infiltration basin and 
the objective is to control the flow from the storage basin to the infiltration basin according to the chloride 
concentrations. So, in order to estimate the chloride concentrations using electrical conductivity as a surrogate a 
conductivity probe (Aqualabo) was installed in a well connected to the stormwater storage basin.  In parallel, water 
samples were collected from the same well. The samples were analyzed at the Technical University of Denmark - Ballerup 
Campus. The following parameters were tested: color, turbidity, conductivity, pH, Chloride, Calcium, Sodium, Potassium, 
Ammonium and Magnesium, in order to identify the background concentration of ions in water. 
 
Results:  
Based on the characterization data and the in-situ measurements, the correlation analysis was carried out between 
chloride concentrations and conductivity. Different types of adjustment curves were tested, and the best fit (R2 = 0,98) 
was obtained with the following equation: y = 7,0.10-6.x2,37, in which x: electrical conductivity in microSiemens/cm, y: 
chloride concentration in mg/L. It is important to note that these results cannot be generalized to other cases, as the 
background concentration of chlorides and other ions in the stormwater must be analyzed case by case as it depends 
on local characteristics, which can result in different correlation equations 
 

   
Figure 1: Photo of the monitored well and the basin: Egernvej, Frederiksberg. 

 
Discussion and take-home message:  
The use of conductivity as a surrogate for chloride estimation from stormwater has proven to be a valuable approach to 
support basin operation, enabling the identification of the rise in chloride concentration using an easily measurable 
parameter as conductivity, which can support the operation of stormwater when infiltration is limited to the 
concentration of chlorides during winter. Future steps include applying the same approach to other wells to check the 
procedure's reliability and continuing to monitor the current well to assess variability over the years.  
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A screening framework for the selection of areas to implement multipurpose urban 
constructed wetlands for the production of biobased construction materials 

K. Usto*, L. M. G. Coelho**, DTU Dept. of Engineering Technology 

Introduction:  
In the quest to make cities resilient in the face of wicked problems, including climate change, water infrastructure is 
essential in mitigating climatic challenges while providing aesthetic, social and mental benefits. Leading literature on 
NbS highlights the need to explore the multifunctionality of NbS with a systems approach. In extension of the above, 
this study hypothesizes the prospect of an urban autopoiesis where constructed wetlands are made to amplify the 
production of biomass for construction application (thatched roofs, facades, light inner walls etc.) all the while the 
cultivation wetland sites simultaneously have recreative, biodiverse and social benefits in the city. With said overlapping 
affordances, such an application would potentially decrease the demand for conventional material consumption. 
However, the known benefits of constructed wetlands for urban water management are well-established i.e. recharge 
of groundwater aquifers, flood mitigation (protective buffers), trapping of sediments and other substances. Moreover, 
the wetlands can also support in the absorption of carbon dioxide, heat storage and release, absorption of solar radiation 
and respective support to food chains. But the prospect of increasing biomass production from constructed wetlands in 
urban spaces to alleviate the construction sector’s material consumption could influence the currently known benefits 
of constructed wetlands for water management and for other related impacts. In this context this study aims to 
investigate the feasibility of further exploring multipurpose urban constructed wetlands to be used at the same time as 
water management infrastructure and for cultivation purposes, serving as a biomass provider for nature-based 
construction materials for the building sector. 
 
Methods and data:  
The screening process to check the suitability of locations to implement the urban constructed wetlands, was based on 
the following steps: quantitative estimation of the local demand for biobased construction materials and determining 
the potential spaces available for implementing urban wetlands. The used to support the latter steps consisted of 
gathering the spatial distribution of attributes included in the screening process, add this database as layers of a GIS tool, 
and aggregating the information of all criteria used in order to filter and classify the case study area in terms of the 
potential places with better conditions for implementing constructed wetlands. Four criteria were used in the screening 
project: topography, land use type, solar radiation and flood risk (bluespot analysis). Software SCALGO and QGIS were 
used to map for the aforementioned criteria that would highlight the “generalizable” conditions from both a technical 
water management perspective as well as architectural, social and geographical ones. As case study, the municipality of 
Frederiksberg was chosen because it is a highly densified urban area, in which the benefits of urban constructed 
wetlands can be supportive in all the potential benefits.   
 
Results:  
The case study results indicate that the established benefits are mostly intact or amplified. In contrast, a few of the 
benefits are challenged more or less severely depending on specific site conditions, but this cannot be generalized but 
instead assessed case by case considering the local conditions and characteristics, which is why the main contribution 
of this study is not really the specific results of the case study but the proposed screening framework. The proposed 
framework shows to be a valuable pathway to facilitate the screening process for the location of suitable areas in the 
urban environment for the implementation of constructed wetlands. The combination of different GIS tools available to 
give a streamlined process to area selection will facilitate future prospective studies and make implementing the concept 
by municipalities easier. 
 
Discussion and take-home message:  
On account of the results obtained, there are grounds to continue the further exploration of urban wetlands application 
for constriction material cultivation. At the same time, other complex systemic challenges will need to be considered 
and further investigated. Future steps include testing this approach in other case studies to check the reliability of results 
in different contexts and creating a multicriteria GIS tool to facilitate the use of the proposed screening approach for 
urban wetlands location selection. 
*kemu@dtu.dk: Lautrupvang 15, 2750, Ballerup, Denmark 
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Comparison of heavy metal and nutrient removal in wet- and dry ponds treating urban 
runoff 
Emil Jespersen1*, Anne-Kirstine Dybdahl1, Josephine Søborg Jensen1, Anne Laustsen3, Carlos A. Arias1,2 

Pollutants such as nutrients, heavy metals and polycyclic aromatic 
hydrocarbons (PAHs) are transported with runoff during precipitation events. If 
these pollutants end up in the aquatic environment, they can have detrimental 
effects on the biota but also on human health. In combined sewers, urban 
runoff is treated at the wastewater treatment plant (WWTP), but the ongoing 
sewer separation in Denmark necessitate other types of treatment for urban 
runoff. Two common onsite treatment systems for urban runoff are wet and 
dry ponds. 
To assess and compare pollutant removal in the two types of systems, 2 dry 
and 2 wet ponds located in Aarhus were selected and monitored for 2 years. 
Samples were taken as grab samples using a low-cost rain event-based 
sampling hardware. 35 rain events were analysed for dissolved heavy metals 
(Cu, Zn, Cd, Cr, Pb, Ni) and nutrients (PO4-3, NH4+, NO3-). In addition to water 
samples, soil cores were extracted to assess if any leaching during non-
sampled or snow melt events. 
Table 1: Mean, median and max concentration of dissolved Zn at the 4 sites. 

Table 2: Mean, median and max concentration of PO4-3 at the 4 sites. 

 

Overall, both wet and dry ponds system were able to remove dissolved Zn, (Table 1). Both dry ponds and Lystrup Wet 
pond had high removal of dissolved Zn and were able to reduce the outlet concentration to 1-3 µg L-1. In contrast, this 
was 17-19 µg L-1 from Tuli Wet pond, which of the two wet ponds also had the highest inlet concentration. High outlet 
concentration was not associated with high inlet concentration (Fig. 1). Instead, it was associated with low inlet 
concentration, indicating potential leaching from the wet ponds. 
For dissolved nutrient, Tulip Wet pond had higher removal of PO4-3 compared to the other 3 sites, especially when 
taking the high inlet concentration into consideration (Table 2). The 
difference between the two dry ponds is likely related to differences 
in the filter soil used. 
Our results indicated differs in pollutant removal depending on the 
pollutant and that treatment trains, i.e combinations of wet and dry 
ponds may be needed.  
* emil@bio.au.dk   
1 Department of Biology, Aarhus University, Ole Worms Alle 1A , 8000 
Aarhus C, Denmark 
2 Aarhus University Centre for Water Technology WATEC Aarhus 
University, Ole Worms Alle 3, 8000 Aarhus , Denmark 
3  Aarhus Vand, Hasselager Allé 29, 8260 Viby J 

 Inlet µg L-1 Outlet µg L-1 
Site Mean Median Max Mean Median Max 

Tulip Wet pond 67 50 181 19 17 43 
Lystrup Wet pond 10 5 48 3 2 14 

Tulip Dry pond 6 3 17 1 1 2 
Risvangen Dry pond 94 91 273 3 1 12 

 Inlet µg L-1 Outlet µg L-1 
Site Mean Median Max Mean Median Max 

Tulip Wet pond 149 96 783 14 9 89 
Lystrup Wet pond 23 20 82 9 7 23 

Tulip Dry pond 63 54 150 16 11 104 
Risvangen Dry pond 66 37 330 63 63 197 
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Bayesian spatial modeling of extreme rainfall frequency in Denmark using INLA and SPDE 
methods 
Nafsika Antoniadou1,3, Anders Stockmarr2, Jonas W. Pedersen1,3, Torben Schmith3 and Peter Steen Mikkelsen1 

Introduction:  

Knowing and understanding the frequency of extreme rainfall events, spatially and temporally, is essential for 
developing robust infrastructure and effective climate adaptation strategies. In this study, we analyze the 
spatiotemporal patterns of extreme rainfall across Denmark, utilizing data from multiple stations to capture regional 
variations and trends over time. The target variable in the study is the annual frequency of events exceeding 10 mm/h. 

Methods and data:  
Rainfall Data: We analyzed data from a Danish rain gauge network consisting of 89 high-resolution stations with at 
least 20 years of data. The data provide rainfall measurements at a 1-hour resolution, covering the period from 1979 to 
2022. 

Table 1: Explanatory Variables: 

Predictor Analysis Source 
1000 hPa geopotential height 
(Z1000) 

PCA ERA5 

Convective available potential 
energy (CAPE) 

Bilinear Interpolation ERA5 

Total Column Water (TCW) Bilinear Interpolation ERA5 
Elevation   KDS 
Distance from the sea  In the dominant wind direction on 

days with extreme events 
ERA5 

We employed Integrated Nested Laplace Approximation (INLA) to fit spatiotemporal models aimed at analyzing rainfall 
frequencies across Denmark. INLA is an efficient alternative to Markov Chain Monte Carlo (MCMC) methods for 
Bayesian inference, particularly suited for models with complex dependencies. 

Choice of distribution of the response variable: 

• Poisson model 
• Negative Binomial (NB) model to account for overdispersion 
• Zero-Inflated Poisson (ZIP) model to handle excess zeros in the count data, 
• Zero-Inflated Negative Binomial (ZINB) model to handle excess zeros and overdispersion 

The spatiotemporal component is modeled using a Gaussian Random Field (GRF) with a Matérn kernel to capture the 
spatial correlation between different locations. 

Results 
Elevation is not a significant predictor. Distance from the sea is significant without accounting for spatial correlation; its 
effect was absorbed by the spatial structure when spatial correlation was included, indicating that the spatial random 
effect captures much of the variability previously attributed to distance.  

More complex spatiotemporal models did not pass model diagnostics, suggesting that simpler models may provide a 
better fit for this analysis. 

Discussion and take-home message 
The proposed hierarchical spatiotemporal models offer flexibility, especially when quantifying the spatial magnitude 
and uncertainty of this process. 
Significant regional variations are observed across Denmark, displaying a systematic pattern consistent with the 
regional distribution identified in previous studies. 
 
1 DTU Sustain, Department of Environmental and Resource Engineering, Technical University of Denmark 
2 DTU Compute, Department of Applied Mathematics and Computer Science, Technical University of Denmark 
3 Danish Meteorological Institute 
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Percrystallization: A versatile Approach for Desalination and Zero Liquid Discharge 
Bastian Stiem Kirkebæk*, Aamer Ali, Cejna Anna Quist-Jensen. 

Center for Membrane Technology, Department of Chemistry and Bioscience, Aalborg University,  Fredrik Bajers Vej 7H, 
9220 Aalborg East, Denmark 

AAU Energy, Aalborg University, Pontoppidanstræde 111, 9220 Aalborg East, Denmark 

* bski@bio.aau.dk 

Percrystallization is a novel zero-liquid discharge process. Unlike conventional desalination methods, 
such as reverse osmosis, percrystallization operates primarily as a thermal process. This process 
allows  liquid transport through the membrane as other pressure driven membrane processes, but the 
solvent is evaporated on the permeate side making the solution highly concentrated, leading to the 
formation of solid matter. Percrystallization is especially relevant for waste management and 
industries focused on solid waste recovery and zero liquid discharge (ZLD). Our research 
demonstrates percrystallization’s potential as a transformative method in membrane-based 
desalination and wastewater treatment. By enabling partial liquid diffusion through various 
membrane types, percrystallization generates highly concentrated permeate that crystallizes into solid 
matter, effectively supporting zero liquid discharge (ZLD) goals. Experimental results show a strong 
capability for desalination, with North Sea seawater treatment yielding a 4.5 LMH water flux and 
108.5 g/m²/h dry matter flux, as well as a condensed water purity of 81.4 μS/cm. Additionally, 
percrystallization successfully treats diverse industrial wastewater, from anodizing effluents to sugar 
refinery waste, with minimal fouling. This process allows tailored operational control through 
temperature, sweeping gas, and vacuum adjustments, making it highly adaptable to industry-specific 
needs. 

 

Pictures of crystallization happening at the membrane surface in a timeline from start to end. 
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Membrane distillation for the treatment of industrial wastewater: Experimental and 
modelling perspectives 

Hussein Fairousha Sulaiman, AAU Energy*, Aamer Ali, AAU Energy**, Cejna Anna Quist-Jensen, AAU BIO*** 

Introduction:  Water shortage combined with the stringent environmental regulations has significantly increased the 
focus on industrial water treatment. Effective water treatment also supports the EU’s circular economy and sustainability 
ambitions by enabling water reuse and reducing the environmental footprint of industries. In this work, we present our 
work, carried out under the framework of European projects Melodizer and CORNERSTONE, on treatment of wastewater 
from brewery and steel industrial using membrane distillation (MD). (MD) offers several advantages, including the use 
of low-grade heat, the ability to treat highly concentrated wastewater, high water recovery rates, and near-total rejection 
of non-volatile solute.  
Methods and data: MD was carried out in direct contact mode. Wastewater from the steel industry was tested using a 
polypropylene (PP) hollow fiber membrane (pore size of 0.2 µm and porosity of 73%), while wastewater from the 
brewery was tested using a polyvinylidene difluoride (PVDF) flat sheet membrane (pore size of 0.2 µm and porosity of 
70%). The experiments were conducted at three different feed inlet temperatures varying from 40 °C to 65 °C, while 
keeping other operating parameters constant. The permeate conductivity and weight (later converted into flux) were 
measured as the performance parameters. We also modeled the hollow fiber system to study the effect of module size 
on the performance of MD process in terms of flux and specific thermal energy consumption (STEC).  
Results: The key results obtained using MD for the treatment of wastewater from brewery and steel industry are shown 
in Figures 1 (a) and (b), respectively. The figure indicates that the flux in both the cases remains stable over the entire 
experimental time, indicating no significant membrane fouling or wetting. Increasing the feed inlet temperature yields a 
higher flux due to the increasing in the driving force, since DCMD is a thermally driven membrane process. The permeate 
conductivity measurements were within the range of 1 to 5 µS/cm. The overall rejection, based on conductivity 
measurements, approached 99.9% in all experiments. The modeling results shown in Figure 1(c), illustrated that increase 
in module length results into lower flux and high specific thermal energy consumption. The work on module size 
optimization is currently on the way and will be presented in the conference. 
Discussion and take-home message: MD is an efficient process to extract high-purity water from industrial effluents. 
The fouling issues are less severe in the process compared to the pressure driven membrane processes. MD 
performance is a strong function of module length, highlighting the importance of its optimization. 

 
Figure 1: (a) Performance of the flat sheet membrane used for treating wastewater from brewery, (b) Performance of the hollow fiber 
membrane applied to treat wastewater from a steel industry, (c) The effect of module size on the performance of MD process.   
Acknowledgements:  The Authors acknowledge the financial support of the EU Horizon under the projects 
CORNERSTONE “Combined technologies for water, energy, and solute recovery from industrial process streams” 
(HORIZON-CL4-2023-TWIN-TRANSITION-01-40, Grant Agreement No. 101072449) and the MELODIZER “Sustainable 
membrane distillation for industrial water reuse and decentralised desalination approaching zero waste” (HORIZON-CL4-
2022-RESILIENCE-01-14, Grant Agreement No. 101091915). 
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Cutting Emissions with Digital Precision: The Future of WWTPs 
T. Dalkvist, DHI A/S*, F. Polesel, DHI A/S*, HR. Sørensen, DHI A/S*, F. Viktor, DHI A/S*, M. G. Hansen, FORS A/S**, TB. 

Andersen FORS A/S**, LL. Schjødt FORS A/S**, M. Rebsdorf, AAV A/S***, A. Lynggaard-Jensen, AAV A/S*** 

Introduction: 
The increasing use of Digital Twins in the water sector enables real-time data collection and process optimization for 
wastewater treatment plants (WWTPs). This technology integrates online sensor data with process models, offering an 
innovative decision-support tool for optimizing plant operations, reducing costs, and minimizing environmental 
impact. One key area of focus is the reduction of nitrous oxide (N₂O) emissions, a potent greenhouse gas. 
Methods and Data: 
The TwiN2Ops MUDP project has developed an N₂O module for the Digital Twin which is implemented in the full-scale 
Digital Twin of Bjergmarken WWTP, Roskilde DK. Initially, the N₂O module was tested and calibrated with data from the 
Marselisborg Pilot Plant, followed by implementation in a calibrated full-scale model of Bjergmarken WWTO. The 
model integrates real time sensor data from the WWTP including data from four N₂O sensors and is designed to 
simulate WWTP operation and predict N₂O emissions as well as the degradation of nutrients in the process tanks, 
effluent compliance, energy consumption, chemical use and other relevant Key Performance Indicators for the WWTP. 
Results: 
Initial analysis conducted identified key factors contributing to high N₂O concentrations. The factors included weekday, 
load (NH4, NO3), MLSS, and DO. Scenario simulations were conducted using the Digital Twin to evaluate mitigation 
strategies, while maintaining overall plant performance.  
Discussion: 
The integration of the N₂O module into the Digital Twin provides a powerful tool for simulating and evaluating 
potential changes to plant operations. By testing various scenarios in the virtual environment, FORS A/S can make 
informed decisions on process changes to reduce N₂O emissions without compromising other key performance 
indicators (KPIs) such as energy use, resource efficiency, and operational costs. This approach allows for proactive 
environmental impact management and optimization of plant operations. 
Take-home Message: 
The Bjergmarken WWTP Digital Twin demonstrates the potential for using advanced simulation and real-time data 
integration to optimize operations, reduce N₂O emissions, and improve overall sustainability. This technology 
represents a significant step toward achieving energy-neutral and climate-positive wastewater treatment systems, with 
substantial implications for reducing GHG emissions. 
 

 

*tda@dhigroup.com: Agern Allé 5, DK-2970 Hørsholm *fapo@dhigroup.com: Agern Allé 5, DK-2970 Hørsholm 
*frvi@dhigroup.com: Agern Allé 5, DK-2970 Hørsholm *hrs@dhigroup.com: Agern Allé 5, DK-2970 Hørsholm 
**mhg@fors.dk: Betonvej 12, DK-4000 Roskilde**tba@fors.dk: Betonvej 12, DK-4000 Roskilde, **lls@fors.dk: Betonvej 
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2, DK-4000 Roskilde ***morten.rebsdorf@aarhusvand.dk: Hasselager Allé 29, DK-8260 Viby J ***Anders.Lynggaard-
Jensen@aarhusvand.dk: Hasselager Allé 29, DK-8260 Viby J 

Integration of hydrothermal liquefaction in wastewater treatment: focus on treatment of the 
process water 
Sanne Falkenberg Jensen*, Leendert Vergeynst**, Centre for Water Technology (WATEC), department of Biological and 

Chemical Engineering, Aarhus University.  

Introduction 
Hydrothermal Liquefaction (HTL) offers a promising alternative to anaerobic digestion for managing excess sludge in 
wastewater treatment plants (WWTPs), with the potential to transform sewage sludge into biofuels and fertilizers. 
However, a key challenge for the integration of HTL into WWTPs is managing the HTL process water (HTL-PW), a by-
product with high levels of nitrogen (2.3–5.2 g·L⁻¹), organic matter (COD: 32–52 g·L⁻¹), and it has shown ecotoxic and 
nitrification-inhibiting properties, posing risks to conventional wastewater treatment processes. 
 
Methods and data 
This study investigated the impact of HTL-PW on WWTP performance under a recirculation scenario, focusing on 
aerobic biodegradation, nitrification, and denitrification performance. Continuous sequencing lab-scale reactors using 
activated sludge from Fredericia WWTP were operated with HTL-PW concentrations of 4.8, 48, 72, and 145 mgCOD·L⁻¹ 
to evaluate wastewater treatment efficiency over prolonged exposure. Full-length 16S rRNA gene amplicon sequencing 
was performed on the sludge to analyze changes in the microbial community, and nitrification and denitrification 
inhibition assays were conducted on reactor influents and effluents using both sludge adapted to HTL-PW and non-
adapted sludge. Furthermore, chemical composition analysis of the HTL-PW and the degradation of the compounds 
present was conducted using solid-phase extraction (SPE) and gas chromatography coupled with mass spectrometry 
(GC-MS). Additionally, wet air oxidation (WAO) and ozone treatments were tested as pretreatment strategies to 
enhance biodegradability and reduce toxicity. 
 
Results 
Prolonged exposure to HTL-PW in lab-scale reactors did not affect the removal efficiency of organic matter, organic 
nitrogen, or ammonium nitrogen. Full-length 16S rRNA gene amplicon sequencing showed no change in the nitrifying 
microbial community, however, surprisingly change in the heterotrophic community was observed. At the same time 
nitrification inhibition assays revealed that activated sludge treatment in the reactors reduced the nitrification 
inhibition in the effluent by 63-69% compared to influent, and the adapted biomass demonstrated 2.6 times greater 
resistance to inhibition compared to non-adapted biomass. Suggesting that heterotrophic degradation of inhibitory 
compounds in HTL-PW protects the nitrifiers from cytotoxic effects. Furthermore, the GC-MS analysis identified 40 
pollutants in the HTL-PW, and it was found that removal efficiencies above 90% were achieved with activated sludge 
treatment for compounds such as amines, cyclic ketones, linear and cyclic amides, and hydroxy aromatics. However, 
nitrogen-containing heterocyclic compounds, including pyrazines and methylquinoline, proved more resistant, with 
removal efficiencies between 10–80%, leaving effluent concentrations near or exceeding predicted no-effect 
thresholds. When investigating pretreatment strategies, the results from WAO treatment revealed that WAO achieved 
significant degradation for many of the compounds. However, this did not consistently translate to reduced 
nitrification inhibition, as the most severe WAO condition at 350°C and a long residence time exhibited inhibition levels 
similar to untreated HTL-PW. And lastly, it was found that ozone treatment for durations of ranging from 18 min to 23 
hours, on both HTL-PW and WAO-pretreated HTL-PW effectively reduced COD levels. The results of the GC-MS and 
nitrification inhibition assays for ozone-treated samples are yet to be analyzed.  
 
Discussion and take-home message 
These findings highlight progress in understanding the complex composition and inhibitory properties of HTL-PW, with 
the purpose of developing strategies for its degradation. The results underscore the potential for integrating HTL-PW 
treatment into existing WWTPs as it was found that many compounds present in HTL-PW were effectively degraded 
with activated sludge. However, few recalcitrant compounds pose a potential environmental risk if HTL-PW is directly 
recirculated into conventional wastewater treatment plants. Therefore, it is proposed that the HTL-PW undergoes 
pretreatment, to enhance biodegradability and mitigate toxicity, ensuring WWTP performance and environmental 
safety. However, further studies need to be conducted on the pretreatment methods and chemical composition, to 
have a better understanding of the degradation of the recalcitrant and inhibitory compounds.  
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Using nanobubble aeration to enhance (urban) wastewater treatment in 
constructed wetlands. 
Sara Bedoya1, Emil Jespersen1,2, Pedro Carvalho2,3, Josephine Jensen1 Carlos A. Arias1,2, 

Introduction 
Wastewater (WW) treatment is essential for protecting human health and maintaining environmental integrity by 
reducing nutrients, pathogens, and other contaminants from natural water. Traditional WW treatment plants are often 
expensive to build and operate, and energy-intensive (Longo et al., 2016). Constructed wetlands technology are 
engineered systems that use vegetation, soil, and microbial activity to remove pollutants, however, limited oxygen 
availability can hinder the removal processes.  Enhancing oxygen concentrations in CWs improves treatmentl efficiency, 
this can be done by adding air to the wetland, normally at a macro-bubble (MB) scale (Ø = 0.1-10 mm)(Ouellet-
Plamondon et al., 2006). However, aeration with MBs has limitations: short lifespan of the bubbles, high buoyancy, and 
high rising velocity (Temesgen et al., 2017). The oxygen transfer efficiency is relatively low, and so is the 
persistence/residence time in the wetland. By decreasing the bubble-size, some of these issues are resolved. The 
smaller the bubbles, the greater their surface to volume ratio providing better mass transfer efficiency and contact 
between bubble-surface and surrounding water. Smaller bubbles have lower buoyancy and rising velocity, and the 
retention time is prolonged. Oxygen concentrations  
 
This study assesses the effect of applying NB-technology to a lab-scale CW and the removal efficiencies for nitrogen, 
organic matter, total suspended solids (TSS), pathogens, and emerging contaminants (ECs).  The experimental setup 
includes 6 lab-scale systems each consisting of two horizontal subsurface flow (HSSF) CWs in sequence (h: 32 cm w: 
26.5 cm, and l: 36 cm). The first step filled with gravel (grain size ~1-3 cm, porosity 0.365) and planted with Iris 
pseudacorus and Juncus effusus.  The systems are fed with raw WW, goes through the system and water is collected at 
the end of the second stage, re-aerated and continuously recirculated to the inlet of the first step. The 3 experimental 
systems are NB aerated with compressed atmospheric air, whereas 3 control systems are macro bubble aerated with 
standard aquarium pumps. Water samples are collected from the inlet water and the effluent water from both the first 
and second steps and analysed for typical WW quality parameters. 
 

 
Figure 1 Different recirculation methods assessed in a) where the aerated water is recirculated to the inlet zone and b) where the 
aerated water is recirculated to the bottom of the gravel bed.  
Results  
All HF-HF units operated in parallel, receiving municipal wastewater pre-treated by primary sedimentation, at the 
same time and rates. Due to seasonal variations in the municipal sewage and different hydraulic loading rates, the 
applied mass loading rates ranged from 17.9-70.0 g BOD/m2d , 17.6-71.7 g COD/m2d, 1.7-21.8 g TOC/m2d, 3.2-6.1 g 
TN/m2d, 2.1-3.9 g NH4+-N/m2d, 2.6-6.7 mg NO3-N/m2d, 0.21-0.37 g PO43-P/m2d, and 4.8-13.0 g TSS/m2d. The average 
removal efficiencies for the NB-aerated CWs were 96%, 76%, 63%, 64%, 34%, 84%, and 91% for BOD, COD, TOC, TN, 
NH4+, PO43-, and TSS respectively, showing no significant improvement over the CB-aerated systems with 96%, 76%, 
61%, 58%, 30%, 77%, and 88% removal for the same WW constituents. Based on the results of this study alone, NB-
aeration did not demonstrate a significant advantage over CB-aeration for the tested parameters. This was attributed a 
too conservatively low aeration supply, limiting the intended effect. 
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Denmark’s Africa Strategy Promotes Strategic Cooperation and Investment Opportunities in 
Ghana 

Mathias Thuborg Madsen, Danish Embassy in Accra* 
 
Introduction: 
The new strategy emphasizes Africa's potential for significant development in the coming years, positioning the 
Strategic Sector Cooperations (SSC) on water as a catalyst for long-term investment and sustainable growth. 
 
Background, Methods and Data: 
Launched in 2019 with support from the Danish Government, the SSC in Ghana addresses urban water and 
wastewater challenges in Tema, a rapidly growing city with aging infrastructure. This partnership involves the Tema 
Municipality and Ghana Water Ltd. (GWL) in Ghana, alongside Aarhus Municipality and Aarhus Vand in Denmark, and 
is facilitated by the Danish Embassy in Accra.  
 
Tema, an industrial city built in the 1960s, experiences water losses of up to 48% alongside  inadequate maintained 
wastewater systems and pollution, posing health risks to residents. To address these challenges, the SSC focuses on 
capacity building within GWL. Key initiatives include constructing District Metering Areas (DMAs) and establishing a 
leak detection training field in Ghana. Additionally, GWL staff received pipe welding training at a Danish technical 
school, enhancing best practices in plastic welding and joint connections to extend the infrastructure’s lifespan. 
 
The method is grounded in a bottom-up approach that aims to empower the Ghanaian entities to secure sustainable 
development. Key activities under the SSC include capacity-building initiatives where staff are trained in leak detection 
and welding techniques through study trips in Denmark and establishment of training facilities in Ghana.  
 
In addition to the above, the Danish Government has contributed 100 million DKK towards a water project in Ghana, 
partially funding the SSC’s efforts to reduce non-revenue water, optimize energy use, and build GWL’s capacity. This 
support includes training in welding techniques and the application of SMART technology. Independently, GWL has 
invested in constructing five DMAs to validate business models and support future investments, aiming to upscale 
economically viable initiatives. The coming year will reveal the return on investment, based on GWL’s increased 
revenue and reduced water loss, to attract further investments and potential commercial capital into the 
underfinanced water infrastructure. The project will be assess in relation to the performance based contract carried 
out by World bank with private contractors.  
 
Results: 
The SSC has led to several notable achievements, including  building the capacity for GWL to carry out baseline survey 
and construct District Metering Areas for combatting water loss and enhanced pipe-welding practices for improvement 
infrastructure longevity. 
Furthermore, the construction of five DMAs has helped validate economically sustainable business models, setting the 
foundation for future investments and potential capital to support Tema’s water infrastructure. This is exemplified by 
the newly completed DANIDA Sustainable Infrastructure Finance (DSIF) feasibility study, which aims to invest over 350 
million EUR in a strategic water supply project for Tema and eastern Accra. DSIF seeks a feasible, business-oriented 
model to address non-revenue water, providing financial benefits for GWL and positioning them to secure the loan and 
scale up initiatives – in order to provide safe and reliable drinking water for the citizens of Ghana. 
 
The Africa Strategy launched by Denmark underscores Africa’s potential for significant growth, particularly through 
strategic partnerships as a catalyst for long-term investment of public and private capital and sustainable growth. 
Denmark’s Strategic Sector Cooperation (SSC) on water in Ghana exemplifies this approach, focusing on enhancing 
urban water infrastructure in Tema, a rapidly expanding city grappling with aging facilities and high water loss rates. 
  
Discussion and Take-Home Message: 

1. Denmark’s Africa Strategy and its strategic partnerships on water can drive sustainable infrastructure 
development in emerging economies, as evidenced by the SSC’s positive impact in Tema. 

2. How can the Africa Strategy and the SSCs assist in moving private capital and investments into the water 
sector?. 

3. Investment in capacity-building and technology transfer, such as welding and SMART technologies, enhancing 
local expertise and infrastructure quality, reducing water loss and improving operational efficiency. Further, it 
creates a viable business model for larger investments by GWL itself or external partners.  

    *matmae@um.dk 67 Dr. Isert Street, Accra, Ghana  
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