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• Spotlight on selected results of TWIST++ 
(please refer to www.twistplusplus.de for a overview of project results)

• Urban water chain: Extended energy balance and metabolism analysis

• Urban water chain in context of the urban metabolism: 
the big 4 of urban flows

• Presentation of a concept for water reuse in urban areas
developed in TWIST++

H o w  c a n  u r b a n  w a t e r  i n f r a s t r u c t u r e s  c o n t r i b u t e  t o  a  

s u s t a i n a b l e  u r b a n  m e t a b o l i s m ?

developed in TWIST++
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• Per Person:

Electricity Use of Water Infrastructures
<< Electricity Use in Housholds

Ene rgy Ba lanc e :  U rban  pe rs pec t i ve

• City Perspektive: 

Electricity Use strongly clustered



Subs tanc e F low  Ana l ys i s Energy Recovery
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SFA shows the pathway of the Elements Carbon C, Nitrogen N and Phosphorus
P in the processes Wastewater and Sludge Management 

and the Emissions to the different environmental compartments



Ex tended Ene rgy Ba lanc e

Material Resources 
per Person and Year
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17.9 kWh/kg C
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7.9 kWh/kg P

Chemical Energy

„Grey“ Energy
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for Heat

Recovery

C
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essential 
Resource

N P

Theoretical Energy-Potentials 
(PE) and average metabolic
efficiency [%]

> Energy Use of urban 
Waterinfrastructures
(Ø 189 kWh/p*a PE)

Pollutant Problem



Urban  Me tabo l i s m

41 000 l
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Semi-hypothetical model city: Household 
consumption of one person per year
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Household 
consumption 
of one person

per year

Input of Electricity, Heat (Gas), Water, Food, Detergents, 
Pathways to air, wastewater, and organic waste 



Urban  Me tabo l i s m
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Relevance of urban water chain for urban Metabolism today
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So far, our Water
Infrastructures worked
well, why should we

change them. 

Your Thinking !

The World is changing. 
We need infrastructures

that support a sustainable
metabolism for the green

cities of tomorrow. 
Your Cities !

… then



• From this holistic perspective on the big 4 of urban flows, 
we developed a concept for water reuse

• outside the box of traditional grey infrastructure approach 

• based on a hybrid system including 
technical modules and eco-engineered urban landscapes

• providing service water in buildings and “fertigation” water for gardens

• Thinking outside the box has advantages:

i .WET ( i n n o v a t i v e  W a t e r E n e r g y Tr a n s i s t i o n - w o r k i n g t i t l e )

• Thinking outside the box has advantages:

• supports natural water balance (- run off, + evapotranspiration)

• optimizes energy balance 

• protects from eutrophication, and reuses nutrients for bioenergy production

• eliminates and buffers pollutants

• and  provides water for urban landscapes and their ecosystem services
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Evapotrans-
piration for

urban climate

Nutrient reuse
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Greywate r+  Ga rden s

� Water loving plants for garden design

� Robust system with low maintenance

� Turn over lower than for Energy Alley

� Cascade use of water and Multi Barrier
Approach

http://www.lwg.bayern.de/landespflege/landschaftspflege/14087/linkurl_0_6.pdf

http://www.lwg.bayern.de/landespflege/landschaftspflege/14087/linkurl_0_6.pdf
Rain Gardens: Sustainable Landscaping for a Beautiful Yard and a Healthy World

davesgarden.com

Iris versicolor Lythrum salicaria Hemerocallis minor Ajuga reptans

perennialconnection.org

� Plant 
selection

� Season-
ality
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Visible Colourful Infrastructures for Reuse in Water-Sensible Cities

Energy Alleys

Reuse of 

water 

and heat 

in house

Beautiful 
and useful –
I can relate

Reuse of water in 

urban landscape

Beauty, 
Awareness, 

Water Culture

Ecosystem
Services

Reuse Cascade: 

Multi Barrier System

Water + Energy
Efficient, 
Flexibel

Open Reuse

Invisible Infrastructures 
for disposal ���� No ESS

Energy Alleys

Clean Water 

+ BioenergyLawn, 

Food

Grey-

water 

Gardens

Water storage

 Transport

Open Reuse



• Example: Town of Luenen

• i.WET for greywater and rainwater

• Introduce with building renovation

• -50% volume in sewer � mitigation by
flushing sewer with surplus water from
energy alley

Trans i t i on  Pa thways

• Vacuum for blackwater

• Introduce with sewer renovation

• Co Substrate for Digestion

• Flexible Transition Pathway
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