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Heat wave in summer 2018 –
Is this the future of Switzerland/Central Europe?



Frankfurter Allgemeine 15.3.2018

Water crisis Cape Town 2017/2018

https://www.kapstadtmagazin.de/wasser-sparen-kapstadt



http://cip.csag.uct.ac.za/monitoring/bigsix.html

Water crisis in Capetown: They barely made it!
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Water crises worldwide

•Windhoek (Namibia, end of 1970s)
• Australia (2000s, Perth, Brisbane)
• California (drought: 2011-2017, 2019-?)
• South Africa (2017/2018)
• Italy, Spain, Greece
• Singapure (water autonomy)
• ….

San Francisco Chronicle, 20. Nov. 2018



Aargauer Zeitung 3.8.2018

Drought in Switzerland in 2018 (2022): Most severe in a 
century

Lac Brenet, Anthony Anex, Keystone

https://www.schweizersee.ch/lac_brenet/
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Water crisis in Switzerland? Water balance in Switzerland

Schweizerische Hydrologische Kommission, CHy 2013

Renewal 18 km3
virtual

virtual 53 km3/a

Direct discharge
Snow melt

Inflow

Lakes
Glaciers

Groundwater

Water use in urban systems:
ca. 1km3/a

13 km3/a



Rain water
harvesting

Ocean water
desalination

Water
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Conserve
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Optimize
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The urban water cycle

Municipal waste-
water treatment

Household

Water resources
Groundwater, lakes

Rivers
Natural attenuation

dilution

Natural processes Anthropogenic

activities

Drinking water
treatment

Indirect reuse

Direct reuse

Industrial wastewater
Hospital wastewaterunintended/intended

indirect water reuse
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Brunnen am Zumiker Rastplatz Mühlitobel, Zürichsee-Zeitung, 16. August 2016

Multiple 
water resources

Lake Water Spring Water



Schaad, TA, Sept. 2018, A. Peter WVZ, Jan. 2019, http://www.hydrodaten.admin.ch/de/2104.html
https://www.stadt-zuerich.ch/dib/de/index/wasserversorgung/wasserverteilung/versorgungsgebiet.html

A resilient solution through multiple water resources
Water provision from the water supply Zurich to 67 communities

3.9 km3

88 km2

2017: 43 cm
2018: 51 cm
D: 8 cm

5% of the inflow

Summer 2018Water donation

Lake Zurich
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Artificial groundwater recharge in Hardwald BL



Use of groundwater in Switzerland: Proportion of artificial 
recharge and bank filtration

33%

9%

58%

Künstlich
angereichert
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10%

89%

> 50000 Inhabitants
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• Proportion of recycled wastewater

Basel ca. 10%

The Netherlands ca. 30 – 60% 

• Bank filtration or artificial infiltration 
as important barrier

• Physical-chemical und biological 
treatment depends on the water 
quality (CH<D<NE)

Drinking water from the Rhine river: Indirect usage of recycled
wastewater
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“Unintended reuse”: 
Drinking water treatment as a multibarrier system

Rosario-Ortiz, F., Rose, J., Speight, V., von Gunten, U. and Schnoor, J. (2016) How do you like your tap water? Science 351(6276), 912-914.

Resources protection Treatment Distribution



Water Reuse Systems

Case study 1
Perth, Western Australia



Projection for Rainfall in Australia for 2030

Perth



Average rainfall and recharge for Gnangara Mound



Projection of water use in the Perth metro area
255GL (0.255 km3) shortfall by 2060

Based on availability of current 
sources

By 2020 - 5GL shortfall

By 2030 - 75GL shortfall

By 2060 - 255 GL shortfall



Wastewater flows increase with population



Disinfection

Secondary waste-
water effluent

Pre-ozonation
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Water reuse trial plant (Perth, WA)
WWTP Effluent Screening

Ultrafiltration

Reverse Osmosis

CO2 stripping

UV disinfection

Groundwater

Chloramination



Wastwater-recycling in Perth – Western Australia

Advanced 

Perth



What is the perception of recycled wastewater in the
media/in the public?

Source: http://www.hcn.org/issues/354/17227
By Paul Lachine

The Yuck Factor
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Case study 2

Brisbane, Queensland
Water recycling plans
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Water Reduction & Savings

SEQ Water Strategy, QWC



Drinking water use in Germany
Old and new member states

total

Introduction of
metering in new 
member states



What happened next …
• Public surveys suggested 70-75% support for water 

recycling to dam

• Detailed assessment of water quality with experts 
from around the world

• Concerted media campaign against the water 
recycling for drinking water

• A lot of rain…

• Public support dropping….

• State election – new government

• Project put on hold…



Queensland: Wivenhoe dam during drought and flood
In 2020 the recycling project is reconsidered again..

And then…



Closing the anthropogenic water :
(in)direct potable reuse

• Technical feasibility has been demonstrated
• Process optimization for improvement and/or alternatives
• Public perception as an important factor (Singapore vs

Australia)
• Scientists and engineers must be engaged in public debate

and clearly communicate benefits and problems to allow an 
objective assessment



Desalination



Desalination / RO
Water scarcity is one of the most important problems of the future

Most problems occur in coastal regions → Rapid increase in desalination capacity

At present: total desalination capacity ca. 40 Mio m3/day 
drinking water for ≈ 100 Mio people



Environmental concerns with Desalination

Ecological
• Perturbations at intake
• Discharge of the brine

High Energy consumption



pure 
water

saline
solution

semi-permeable 
membrane

pure 
water
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semi-permeable 
membrane

pure 
water

saline
Solution
+ water
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water
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Solution
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membrane

solution
liquid head
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osmotic
pressure

Osmotic pressure

In principle, only water is transported:
results in an osmotic pressure



Applied pressure has to be higher than osmotic pressure

Reverse osmosis



Osmotic pressure

Van´t Hoff:

P osmotic pressure    [bar]
ni amount of dissolved substances [mol]
V volume of the solution [L]
R universal gas constant = 8.3144 [J/mol/K] = 0.083144 [bar L /mol/K]
T absolute temperature [K]
ci molar concentration of substance i [mol/L]
b = 1 + a (n - 1) [-]
a degree of dissociation [-]
n stoichiometric coefficient of the dissociation reaction 

(number of ions formed from dissociation from 1 original salt [-])

TRcβTR
V
nβΠ i
i ×××=×××=



Example: Calculation of Osmotic pressure

Osmotic pressure of seawater as NaCl-solution
(other salts not taken into account) at 25 °C.

NaCl-content: 30 g/l; 
molar weight : Na = 23; Cl = 35.5
a = 1; 
n = 2 (Na+, Cl-)
b = 1 + a (n - 1) = 1 + 1x(2-1) = 2

P =  2 * 0.51 (mol/L) * 8.3144 (bar L/mol/K) * 298 K =  25.4 bar

  

€ 

cNaCl =
30 g /L

(23 + 35.5) g /mol
= 0.51 mol/L

TRcβTR
V
nβΠ i
i ×××=×××=



Elimelech and Phillip, Science, 2011

Energy requirement for desalination with RO

Total energy requirement: 3-4 kWh/m3

DE results from energy for pre-/post-treatment

Sea water: ca. 35g/L dissolved salts



Conclusions

• Worldwide there is an increasing pressure on water resources

• Water reuse is a viable option to solve/mitigate water scarcity in 
urban areas ( acceptance issues, indirect vs direct potable reuse

• In coastal areas desalination is an alternative, however the energy 
demand is high

• To solve water scarcity problems, water use in agriculture and 
industry has to be considered as well

• Water reuse or desalination are too expensive for irrigation in 
agriculture (improvement of irrigation methods, adapted crops)


