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More Frequent Droughts and Heatwaves across Europe



Drought Condition in Europe in Summer 2022

Source: JRC Global Drought Observatory 2022; Augsburger Allgemeine; Bundesministerium für Ernährung und Landwirtschaft; Frankfurter Rundschau



Impacts on Soil Moisture

Drought monitor Germany



Source: European State of the Climate Report 2023; BUND Bayern 2021; Info24service, National Geographic

Impacts on Glacier and Permafrost Soil

Glacier retreat     



Source: European Environment Agency 2022; dw.de; FAZ.de

River Rhine, Summer 2022

Impacts of Droughts on Stream Flows



Source: Landesamt für Umwelt 2017
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Abbildung 11 
Mittlere jährliche  Grundwasserneubildung 
(GWN) aus Niederschlag in Bayern 1971 
bis 2010 (unten), und mittlere Änderung 
der GWN in der nahen Zukunft 2021 bis 
2050 gegenüber dem Referenzzeitraum 
1971 bis 2000 in mm/a (Änderungssignal 
auf Basis von WETTREG2006/ECHAM5/
A1B und WETTREG2010/ECHAM5/A1B13)
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13
Das Niederschlagssignal der 
Projektion WETTREG2006 
lässt sich eher im Mittelfeld 
des verwendeten Ensembles 
einordnen, während die Pro-
jektion WETTREG2010 trocken 
bis sehr trocken ausfällt.
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Impacts on Groundwater Recharge Rates – Bavaria
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Messungen: 2011 - 2020

Bayerisches Staatsministerium für
Umwelt und Verbraucherschutz

Source: Prof. Martin Grambow, Bay. StUMV, November 2022 

Goundwater levels across Bavaria, Germany
Monitoring: 2011-2020

Lowest ever reported levels since 2000



Increasing Number of Conflicts

• Increasing demand for agricultural irrigation

• Increasing demand for urban landscape irrigation

• Public water supply

• Cooling and process water demand

• Maintaining ecological base flows

• Fit-for-Purpose: Do we need drinking water quality for all purposes?

Source: MainPost 2017, bild.de, BR24 
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EU Water Reuse Regulation, 2020/741
May 2020

EU Regulation for Water Reuse, 2020

-> comply with rule by 26 June 2023

Key underlying principles:
• Introduction of minimum requirements for 

water reuse in agricultural irrigation

• Underlying risk management plan
• Parametric values for quality of 

reclaimed water & monitoring 
requirements to address HEALTH risks

• Key risk management elements 
addressing ENVIRONMENTAL risks & 
and potential additional health risks

• System of permits and compliance 
checks



Risk Management Framework
- A system level approach

Compliance with EU-Water Reuse Requirements

Comprehensive Risk Management Plan

Landwirtschaftliche
BewässerungKommunale

Abwasserbehandlung

Weitergehende
Aufbereitungsanlage

Klarwasser Fließgewässer

AufbereitetesWasser

Risikomanagement

Systemgrenze

xxxx

Transport/Speicher

Agricultural 
irrigation

Reclaimed water
Transport/Storage

Advanced 
treatment

WWTP

River/StreamSec. effluent

System boundary
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Lower Franconia – an area with severe water scarcity

https://www.lfu.bayern.de/wasser/hydrometerologische_parameter/hydro
meteorologie_auswertung/niederschlag/doc/karte_niederschlag.pdf

Lower Franconia precipitation (RUF, 2010):
• Annual precipitation ~ 700 mm, in dry year < 500 mm
• Low groundwater recharge rate (50-100 mm/a)

Mean annual precipitation 
in Bavaria

Period 1961 - 1990

Precipitation

Munich



Stakeholder Process
- inclusive, interactive, transparent

Establishment of a Stakeholder Process
• Potential users, representatives of agricultural, wastewater treatment facilities, 

drinking water supplier, regulatory agencies, environmental groups, etc.
• Development of a joint vision and discussion on concerns and requirements
• Identification of case studies for urban and agricultural irrigation

Concept development water reuse
• Identification using Stakeholder 

process
• Based on water demand estimates and 

alternative supply options

Estimation of water demand + alternative 
water resources

• Demand estimation using surveys, historic 
data, modeling

• Identification of potential alternative supplies 
by stakeholder engagement and by using 
other data



Possible Alternative Water Resources

Alternative Water Resources

Grundwassersenkungsanlage 
Grafenrheinfeld

Industrielle Produktionswasser

Niederschlagswasser

Uferfiltrat Main

Schmachtenberg recreational lake

WWTP Schweinfurt – sec. effluent

Alternative Water Resources

Grundwassersenkungsanlage 
Grafenrheinfeld

Industrielle Produktionswasser

Niederschlagswasser

Bank filtration River Main

Schmachtenberg recreational lake

Alternative Water Resources

Grundwassersenkungsanlage 
Grafenrheinfeld

Industrielle Produktionswasser

Stormwater

Bank filtration River Main

Alternative Water Resources

Grundwassersenkungsanlage 
Grafenrheinfeld

Industrial wastewater effluents

Stormwater

Alternative Water Resources

Groundwater pumping facility
Grafenrheinfeld

Industrial wastewater effluents

Alternative Water Resources

Groundwater pumping facility
Grafenrheinfeld
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Demonstration Project: ‚Nutzwasser‘ 

• Two demo-labs to demonstrate viability of 
water reclamation and reuse:

• Demand-oriented agricultural irrigation on 
60 ha

• Demand-oriented urban landscape irrigation 
within the City of Schweinfurt (football 
stadium, public green spaces, ice stadion)

Schweinfurt

Nutzwasser für urbane Bewässerung
Gochsheim

Nutzwasser / Regenwasserspeicherung 
für landwirtschaftliche Bewässerung
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Nutzwasser Project- Scope and Partners
• Development and optimization of highly flexible and demand-oriented management 

strategies close to engineering practice for safe water reuse applications targeting 
agricultural and landscape irrigation

Engineering practice
Regulatory and 

advising agencies Research

• Project partner:
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Soil passage

UV disinfection

Filtration

Ozonation
BAC 

filtration
Ultrafiltration

UV 
disinfection

Secondary
effluent

On-demand Strategies for urban and agricultural
Irrigation

xxxxxx

Direct urban 
landscape
irrigation

Direct agricultural
crop irrigation

EU minimal requirements

Drinking water



Multi-barrier Treatment Train

Relevante Kontaminanten Potenzielle technische Barriere
Pathogene

Antibiotikaresistenzen

Ultrafiltration 
Membranen (UF)

Pathogene

Antibiotikaresistenzen

Organische Spurenstoffe

Ozonung (O3)

Organische Spurenstoffe

Oxidationsnebenprodukte

Biologische 
Aktivkohlenfilter
(BAK)

Pathogens

Antibiotic resistance
UV Radiation

Relevante Kontaminanten Potenzielle technische Barriere
Pathogene

Antibiotikaresistenzen

Ultrafiltration 
Membranen (UF)

Pathogene

Antibiotikaresistenzen

Organische Spurenstoff

Ozonung (O3)

Trace organic chemicals

Oxidation by products

Granular activated carbon (GAC)
Powdered activated carbon (PAC)

Relevante Kontaminanten Potenzielle technische Barriere
Pathogene

Antibiotikaresistenzen

Ultrafiltration 
Membranen (UF)

Pathogens

Antibiotic resistance

Trace organic chemicals

Ozonation (O3)

Relevant contaminants Potential technical barrier
Pathogens

Antibiotic resistance

Ultrafiltration 
Membranes (UF)
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Reclaimed Water – Demo Lab Schweinfurt

Pre-O3

PAC Main-O3 BAC & UV

Greenhouse

UF

Drip irrigation area

Visitor 
pavillion
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Ceramic Ultrafiltration BAC FiltrationOzon UV 
Disinfection

Reclaimed Water – Demo Lab Schweinfurt
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Reclaimed Water – Demo Lab Schweinfurt

March

April

May

Parallel application: 
Sprinkler and drip irrigation
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Demo Lab City of Schweinfurt

City of Schweinfurt

Wasserwirtschaftsamt Bad Kissingen, www.wwa-kg.bayern.de

Direct urban applications:

• On demand irrigation of football 
stadium, public green spaces, ice 
stadion

• Transport via pressurized pipeline 
(DN 75) in main sewer line

• Subsurface storage



Demo Lab Gochsheim: 
On-demand agricultural irrigation

Überschüttung

Rapid infiltration trenches
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On-demand Irrigation via Internet of Things (IoT)
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Irrigation Management via Internet of Things (IoT)
Irrigated crop: Letuce

Data transfer and storage to Cloud

Soil moisture 
sensors

Groundwater 
meters at pumps

Weather 
station

Groundwater 
monitoring wells 

Cloud-based Determination of Irrigation Demand 
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Water demand
management

Water quality & 
Treatment

Stakeholder 
Participation

Business & operation
models

Water storage

Regulatory
requirements

Challenges for Water Reuse Implementation
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● Water reuse can be a safe alternative water supply option
● Implementing risk management plans requires a different attitude for 

operators, regulatory agencies and users
● Risk management is always site specific
● Irrigation has to consider best practices and agronomic rates, which requires 

administrative and technological adjustmens
● Seasonality of irrigation requires flexible approaches for treatment and 

storage 
● Synergistic effects due to new requirements of revised UWWTD

Outlook



www.nutzwasser.org

Thank you!


