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FORSK2025 TEMA VAND

1. Resumé
Her bedes forslaget kort gengivet – højest 3- 5-linjer

It is a global challenge to provide enough clean water to sustain civilization while maintaining urban, agricultural and industrial growth. Here we point to a comprehensive suite of problems that must be addressed in order to develop efficient, green and cost-effective water technologies for the present and the future.

2. Samfundsudfordringer og/eller muligheder 
Beskrivelse af udfordringer/muligheder 

Water is a prerequisite for all life on Earth. At present, one out of ten (or 660 mio people) lacks access to safe water, and one out of three (or 2.4 billion people) lacks access to a toilet.  Every year there are 2 million diarrhoeal deaths related to unsafe water, lack of sanitation, and hygiene.  On a global scale, 70% of all freshwater withdrawn are for agricultural uses, 19% for industrial uses, and 11% for domestic uses.  

In many areas, the discharge of contaminated water from domestic and industrial use, crop irrigation as well as leaching of chemically polluted water from legacy waste disposal and industrial activities into the groundwater have resulted in large-scale deterioration of drinking water resources as well as water quality in general in lakes, rivers and groundwater as well as eutrophication of fresh-water systems and seas.  

Vast investments are currently used to clean polluted water, search for unspoiled groundwater resources and restore freshwater ecosystems to regain a good ecological quality.  

Climate changes has further exacerbated global water challenges, and we have probably only seen the start of this. Some regions will become drier and others more wet. In addition, there will be more extreme weather events; combined this will increase soil erosion, create challenges to food production and pose severe challenges to the entire water cycle.

On the European and Danish scale there are challenges in keeping the potential drinking water resources and surface waters as well as the groundwater free from contaminations such as organic micro-pollutants. Currently it is unclear how Danish or Scandinavian wastewater treatment will fulfil the EU Water FrameworkDirective goals as regards nutrient and pesticide control. Add to this that none of the larger cities in Denmark are currently using the groundwater supplies in a sustainable way: Over exploitation has reached an extent where water recycling, seawater desalination or importing water from other countries become serious options.

3. Forskningsbehov 
Beskrivelse af de forskningsbehov, som udfordringerne/eller mulighederne skaber

To ensure sufficient volumes of clean water (surface water and/or ground water), to prevent further pollution and environmental degradation, and to restore legacy water pollution require addressing of the following (amongst other) challenges: 

1. Development of efficient and cost-efficient methods for mapping the shallow subsurface down to c. 200 m over thousands of square kilometers for use in detailed modelling of the hydrological cycle.
2. Development of methods to model the water balance and nutrients/pollutants movement from industrial, urban and agricultural terrestrial systems into water systems (streams, lakes, groundwater and the sea)
3. Development of efficient mapping and modelling systems for prediction of saltwater intrusion in coastal areas or salinization of soils due to irrigation of agricultural soils
4. Development of intelligent and effective crop irrigation systems and technologies including the development of crops with a high water-use-efficiency
5. Development of efficient, green and cost-effective technologies for treating contaminated water such as wastewater (e.g. biofilms and membrane based) run-off from agriculture (e.g., constructed wetlands), urban storm water runoff, and leachates from waste disposals and legacy sites of industrial contamination.
6. Development of scientifically sound scenarios concerning use, spread, infiltration and runoff of compounds that are used in agriculture, including antibiotics, biocides and steroid hormones stemming from intensive animal farming.
7. Development of removal strategies from water infrastructure of parent compounds and the often critical transformation products.
8. Improve knowledge about the microbiology of degrading communities to be able to predict, design and control installations that rely on biotechnology to remove pollutants from both pollution sources (e.g. point source soil pollution) and water compartments and treatment facilities. 
9. Development of satellite-based technologies and associated sensor systems for minimizing nutrient loss from agriculture to water bodies, and for monitoring of water quality
10. Develop a spatially differentiated regulatory framework for water and related resources, including ways to integrate and utilize sensing tools for monitoring and planning within the agriculture, environment and water sectors.  
11. Development of tools to improve the ecological quality of surface waters, including cost-efficient tools for restoration of rivers and lakes.
12. Development of conceptual and practical  management and stakeholder involvement tools for decentralized governance 
13. Development of educational kits to bring local stakeholders to a sufficient level of understanding of different water technologies and implementation at community level.
14. Socio-economic analysis in relation to climate-induced changes, governance and the introduction of new technologies and/or management practices 

4. Forhold vedrørende udmøntning og implementering af forskningsindsatsen 
Overvejelser omkring forhold, der har betydning for udmøntning og implementering af forskningsindsatsen

The ‘agricultural agreement’, adopted by the Danish parliament in February 2016 is an example of the urgency of research into practical water resource optimization and regulation in the presence of intensive agriculture, which could become a template for activities beyond a Danish context: The northwestern corner of the EU is amongst the most intensive agriculture and industrialized zones in the world. Here agriculture contributes 50 to 80% of total nitrogen load observed in Europe’s freshwater, and increases in fertilizer use of 4% to 2020 are predicted. Other regions like the Mid-west of the USA, California, India and Australia are facing severe water shortage related not only to climate induced changes in precipitation patterns but also to water laws and mere lack of understanding of the hydrological cycle and the subsurface geological structures governing the flow of the subsurface water.

In the global context, addressing the challenges may support an emerging direction in which developing countries’ food security and industrialization policies are better balanced with environmental concerns. Involving stakeholders, developing cost effective, site and context specific water and environmental management practices, along with regulation principles based on local conditions, is key to this. 

Facing this complex of challenges requires a systemic water-energy-food-industry nexus approach, which recognizes sectoral interactions and the need for integrating practices and regulation across sectors and scales. 

5. Danske forudsætninger
Information omkring danske forudsætninger for forskning på området 

Danish research within water technologies has a great potential to develop solutions to mitigate these challenges and are within a number of areas renowned worldwide for its competencies.  

Danish universities provide an excellent and interdisciplinary environment for combining biotechnologies, environmental chemistry and microbiology, agroecology, geophysics/geology and the environmental engineering required to face the complex of water related challenges outlined above. Within a number of areas, they already enjoy much attention worldwide. 

Denmark also has municipalities and industries that could rapidly implement and become showcases for innovative water solutions. The close cooperation between universities and industry in Denmark means that the industries quickly can adopt, develop, manufacture and market new water technology and sell products nationally and internationally. The relevant industries  include Grundfoss, Unisense, Rambøl, Cowi, Orbicon, Alectia, Niras, Envidan, Kruger, Silhorko-Eurowater, SkyTEM Surveys Aps, AarhusGeosoftware Aps, the Regions, as well as water companies and utilities, and The Nature Agency and companies within precision agriculture. . The list is far from comprehensive.

6. Mål, effekt og perspektiver
Beskrivelse af den betydning, en forskningsindsats på et givent område kan have for samfundet, eksempelvis i forhold til vækst og velfærd

History has demonstrated that growth and increased welfare always are on the very top of the political agenda in developed as well as developing countries. The continued over-utilization of many natural resources has increased awareness of the limits to haphazard growth policies. In this learning process it has become very apparent that management of water resources is extremely important and at high risk.  

The grand perspective of a systematic strengthening of water related research in Denmark includes the development and export of technologies and innovation systems that can support sustainable growth in emerging economies. The demand for solutions to water challenges is huge and increasing. This will increase national and global welfare.

In this light, the overall objective of the outlined research is to work towards the sustainable provision of water for human and productive use.  

7. Kontaktperson
Kontaktperson angives med e-mail og telefonnummer

Department of Bioscience (Professor Kai Bester, kb@envs.au.dk, tlf. 93508089)
Department of Geoscience (Professor Esben Auken, esben.auken@geo.au.dk, tlf. 28992587)
Department of Agro Ecology (Research coordinator Torsten Rødel Berg, torsten.berg@agro.au.dk, tlf. 24858115)

8. Forslagets prioritering
Så vidt muligt angives en prioritering af temaforslaget

Der henvises endvidere til den udførlige vejledning om udformningen af temaforslagene. 
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