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 I. German Institute of Urban Affairs 

 The German Institute of Urban Affairs (Difu) was founded in 

1973, following an initiative organized by 60 cities in the course 

of the German Association of Towns and Cities‘ (DST) annual 

general meeting.  

 As an independent research institute, Difu's job is to help cities 

deal with their increasingly complex day-to-day tasks, while also 

identifying long-term prospects and developing urban action 

programmes. 

 The non-profit institute is supported by regional associations, 

planning offices and more than 100 cities, representing 

approximately 24 million inhabitants. 

 Difu's work covers all issues facing today's cities and those of 

the future. 
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 The municipal water economy is founded upon a central system of 

water supply and sewage disposal facilities and networks which 

emerged over a long period of time. 

 High product quality and security of supply 
 Large investments to improve environmental quality 
 High Path Dependency 
 Natural monopolies, regional monopolies, (2 disconnected units for 

water and waste water 
 Residential areas as flow-though Systems 
 Water solely is allocated in drinking water quality 
 All wastewater streams (domestical, industrial, rainwater) are 

collected in one pipe and treated together 
 Supply side provision of services 

 

 Generally accepted rule: in areas with mid to high population 
densities, centralized and uniform systems held decisive technical 
and economical advantages over de- or semi-centralized systems. 

 New Challenges 

II: Situation in the German Water Sector 
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Demographic Change 

 Depopulation will produce substantial differences between 

regions. Shrinking communities will go on losing population, 

whereas growing agglomerations are likely to continue to prosper. 

 In many local authorities the situation is less clear, and even 

where relatively stable population dynamics can be expected, 

considerable negative trends can also be expected in certain sub-

areas.  

 Simultaneous growth and shrinkage can occur side by side.  

 In many places, a declining population and ever smaller 

households have meant that networks and technical facilities are 

used far below capacity, often reaching critical functional 

thresholds; downsizing and redevelopment can bring systems to 

the limits of economic feasibility. 
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 Demographic Change 

Population dynamics at a small scale 
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Demographic Change -  Effects of Shrinking 

 Drinking Water Supply 

 Strong reduction in flow rates can cause considerable problems for 
the functioning of water supply networks (stagnation zones, 
sedimentation areas (precipitation), long drinking water retention 
times in lines = risk of bacterial after growth). 

 Sewage Disposal 

 Declining water consumption can in many places lead to a strong 
reduction in sewage volumes, falling below the required minimum 
flow rates.  

 Lower flow rates lead to sediment deposition in oversized sewers, 
especially in low gradient sections (flushing sewers frequently). 

 Anaerobic transformation processes due to deposits and long 
sewage retention times cause odour problems. 

 Degradation processes resulting from sedimentation furthers the 
corrosion of pipe material.  

 Decreasing amounts of effluent reduce the efficiency of existing, 
increasingly oversized sewage treatment plants and impair 
operation through surges of dirt after rain and rising proportions of 
extraneous water. 
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 Current Situation: Climate Change 

 By 2040 the air temperature can be expected to rise by up to 

1.7°C compared to 1900. By 2100 a further increase in 

temperatures is predicted; the average rise will be between 

2.5°C and 3.5°C, the biggest increases being in North 

Germany and the foothills of the Alps.  

 In the summer months, rainfall can be expected to decline and 

there will be more frequent heat waves and hot days. 

 The autumn and winter months will be wetter. 
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Long and hot periods (Tmax > 25ºC) will increase 

* (Szenario B2; Max Planck-Institut für Meteorologie, 2007) 

1961 -1990   

vs. 

2071 - 2100 

Climate Change 
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 Climate Change 

Spatial allocation of extreme weather 
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 Comprehensive mitigation-measures needed 

 Emissions of greenhouse-gases have to be halved to the 

status of 1990 for attenuate the climate change 

 Avert irreversible and possibly disastrous und worldwide 

changes 

 Changes in water-availability will affect agriculture, forestry and 

the energy sector 

 Shift of rainfalls in the winter half year will involve 

 the danger of water logging 

 Impact of natural water quality in first and foremost in autumn 

and winter will lead to 

 Temperature induceded processes 

 Growing overfall drainage 

 Growing elutriation 

 Implications of Climate Chance for Water 
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 During tropical day`s there will be more demand on water 

 Impact on Urban Micro Climate 

 Rain-Water 

 Less abundance in summer (garden watering) 

 More abundance in the winter half year 

 Stronger rain peaks 

 Implications of  Climate Change for Infrastructure 
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 Climate models strongly depend on theory 

 Climate models provide uncertain predictions 

 In particular on regional and local  

 Water Management is based on local and regional conditions 

 

 Adapted Water Managment 

 Climate Change = Dealing With Uncertainty 



14 

 

 Local authorities have already made a considerable effort in the 

field of climate protection (mitigation), but have less experience with 

climate adaptation strategies. 

 Sanitary Engineering based systems are energy consuming 

 Energy for pumps, conditioning 

 CO2-balance nessesarily has to be improved 

 CO2-sink? 

 In the waste water sector part of methane is emitted unused. 

 Measures to increase the energy efficiency will become increasingly 

important in the years to come.  

 Energy recovery is partially achievable in the domestic part of the 

infrastructure system. 

 Climate Adaption 
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 Adaptation measures should be preferred, that allow flexible 

reactions 

 Subsequent allevation of technolog-based flood protection through 

rain water infiltration and other territorrial measures 

 Promotion of measures with synergy effects for several climate 

effects  

 Attenuating impacts on extreme occasions, e.g. rising water 

backing in the area 

 Natural Replenishmant 

 Dwindling of the overfall drainage 

 

Source: Climate Adaption Strategy of the Federal Government (2008) 

Coping with uncertainty  
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 Avoiding of  

 flooding the combined sewerage system 

 bottlenecks in supply during dry season 

 anaerobic transformation processes due to long sewage retention 

times or high temperatures in the pipes 

 Consideration and when indicated adaptation of the existing 

infrastructure 

 Joint consideration of climate impacts with impacts of other 

changing processes like the demographic change, urban renewal, 

changing land use etc. 

 

 Source: Climate Adaption Strategy of the Federal Government (2008) 

Adaptation of the Water Infrastructure 
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Scarcity ressources and and rise of energy prices 
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 Technological Change (1) 

 Technological change offers windows of opportunity for 

transforming existing structures without exorbitant capital 

destruction.  

 Where old structures reach the end of their useful life, 

opportunities for conversion are particularly favourable: 

 In the energy sector there is a trend toward decentralisation: photo 
voltaics instead of coal or nuclear power, bio-gas and bio-natural-
gas, geothermal energy, solar heat, energy-efficiency, smart-
metering. 

 But also in a comparatively decentralized system like waste water 
management, key indicators speak in favour of a shift towards 
materials minimisation, energy use, and nutrient recycling 

 Conventional technologies have system specific shortcomings 

(low flexibility and low adaptability). 
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 Technological Change (2) 

 New technologies (e.g. decentralized on-site treatment plants) 

can overcome these shortcomings and can have a more 

sustainable performance than conventional technologies 

 Intelligent system solutions are characterized by material flow 

reductions (eco-efficiency), greater flexibility and, in part, 

shorter pipelines; in the long term, when compared to 

conventional system solutions (in terms of technological 

regulations), they exhibit increased economic efficiency 

(energy exploitation). 

 These technologies can be complementary, mutually 

independent or competitive. They can in principle change the 

infrastructural system radically. 
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 Technological Change (3) 

 New types of technology should be considered and the 

benefits of alternative systems weighed against continuing 

operation of current facilities. 

 It is important not to endanger the functionality of the system 

as a whole and to satisfy economic requirements.  
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 Technological Change (4) 

 Pilot projects have clearly illustrated that, in principle, it is 

possible to differentiate between resources and innovatively 

combine wastewater and freshwater. 

 Necessity to contemplate possible transformation of existing 

systems. In this context small units and self-sufficient systems 

may gain importance.  

 How such alternative and supplementary technologies can be 

efficiently and cost-effectively integrated into existing systems 

is one of the greatest technical and organisational challenges 

facing infrastructure management today. 

 Municipalities require reference projects concerning the 

construction of more flexible supply and waste management 

structures (in particular existing structures). 
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 Differentiation of water use (drinking water, service water; rain 

water), 

 disconnected collection and off-taking of seperated component 

current  (rain water, grey water and black water), 

 decentral or semicentral linking of water supply and sewage 

disposal (e.g. use of rain water oder conditioned grey water), 

 seperation and return of substances/ materials for (re-)using, 

 using of the energy potential of gey water streams and the 

biogen waste water substances as well as 

 minimisation of energy use and of energy losses. 

Possible Starting Points of Transformation 
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 Central: wastewater treatment and drinking water supply by 

central systems (sewer network, sewage treatment plant; water 

works, line network). 

 Semi-central: wastewater treatment and drinking water supply for 

several houses/ appartments resp. bounded settlement areas, 

e.g. in the form of common installation. 

 De-central: wastewater treatment and drinking water supply in 

the form of single installation for one residential building/ 

household. 

Spatial Differentiation 
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 Reduction of water abstractions to a degree that is essential and 

agreeable.  

 Wastewater is increasingly considerated as a ressource for re-

using as well as for recovering the dissolved matters (recyclable 

fraction, energy). 

Trends between Centrality and De-Centrality in 

Terms of Sustainable Water Infrastructure (1) 
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 Sewer networks and drinking water lines are important cost-

positions in public budgets. 

 Solutions that reduce the length of networks, downsize pipes or 

extend the life-time of the network offer advantages. 

 Those based upon parallel networks have to generate savings in 

maintenance, length of networks or bring other cost advantages. 

 

Trends between Centrality and De-Centrality in 

Terms of Sustainable Water Infrastructure (2) 
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 Project: „Transition Management to promote 

Sustainable Water Management“ (2007-2010) 

 Project of the Research Association „netWORKS“ 

 Project`s Objective: Long-term sustainable concepts for 

services and infrastructure shall be developed in cooperation 

with utility companies from six different test municipalities.  

 One of the central questions: the extent to which semi- and 

decentralized solutions are economically and ecologically more 

efficient and how they can be gradually introduced within 

existing operational frameworks.  

 Designing plausible long-term scenarios for future infrastructures and 
urban sustainability 

 Discussion of possible needs of adaptation of existing technological 
systems 

 Development of sustainable (long-term) concepts for demand and 
infrastructure management  

 Identification of relevant transition steps 

 Evaluation of realistic alternatives  
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 analysing the technical possibilities of innovative measures (central, 

semicentral, decentral options), 

 identifying the short-, mid- and long-term starting points of 

implementation in different urban spaces, 

 consideration of the recommended and promised measures, 

 acertaining of economical frameworks and their impacts on 

implementation, 

 preparing the decision making of all involved institutions. 

Objectives: 

The concept should extend over a seventy years` duration. 

Participative Scenario 
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Model City „netWORKS“ 
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Economic Assesment (the whole city) 

 Basic Datas (urban areas/ the whole city) 

 Settlement Structure 

 Water Infrastructure 

 Use of Water 

 System Variants (Scenarios) 

 Status-quo (2010) 

 Reference-Szenario (2080) 

 Transformation-Scenario (2080) 

 Assesment 

 Water (Drinking Water/ Waste Water/ Rainwater; infiltration water) 

 Energy (electricity/ heat) 

 Materials (operating materials; recycable fraction) 
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 Boundary Conditions (Mass/Material Balance / Cost Balance) 

 Settlement Structure of the Scenarios (2080) identical 

 Climate Change as an important impact 

 Central Water Supply 

 Waste Water Treatment including Sludge Dehydration 

 In Reference- and Transformation Scenario avoiding phosphore enty over 

swill. 

 System Variants refer only to domestic waste water 

 Costs of the Public Authority,  Returns (Energy; recycable fraction)  

 Clearing Sludge Disposal, Bio-Waste is not accounted for balance  (System 

Boundaries) 

 

 Comparing Assessment and Conclusions 

 Costs and Returns 

 Eco-Efficiency (economic expense/ environmental impacts) 

 Priorisation of Urban Areas (Model City) 

Economic Assesment (the whole city) 
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System View – Status-quo 2010 
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Basic Dates – Status-quo 2010 
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System View – Reference 2080 
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Basic Dates – Reference 2080 
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System View – Transformation 2080 
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Basic Dates – Transformation 2080 
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Water Balance 

Wasserbilanz 

(Mio. m³/a) 

Status quo 

2010 
Referenz-Szenario 2080 

Transformations- 

Szenario 

2080 

Trinkwasserversorgung 25,1 14,1 6,2 

Betriebswassernutzung 0,0 0,0 10,8 

Regenwasserentsorgung 4,7 6,4 12,9 

Grauwasserentsorgung 0,0 0,0 12,8 

Mischwasserentlastung 4,8 1,8 0,0 

Abwasserentsorgung 30,7 21,8 0,0 

Schlammwasserbehandlung 0,0 0,9 0,0 

Schwarzwasserentsorgung 0,0 0,0 1,8 
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Water Flow Analysis – Status-quo 2010  
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Water Flow Analysis – Referenz 2080  

 



43 

 

Water Flow Analysis – Transformation 2080  
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Material Balance 

Stoffbilanz 

 

(t/a) 

Status quo  

2010 

Referenz-

Szenario 

2080 

Transformations

-Szenario 

2080 

P-Fällmittelbedarf (FeCISO4) -5.019 0 0 

P-Fällmittelbedarf (MgO) 0 -227 -310 

N-Fällmittelbedarf (H2SO4) 0 -843 -5.842 

P-Rückgewinnung 0 108 148 

N-Rückgewinnung 0 222 1.537 

Magnesium-Ammonium-Phosphat (MAP) 0 475 650 

Ammonium-Sulfat-Lösung (ASL) 0 2.661 18.449 
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Energy Balance 

Energiebilanz 

 

(MWh/a) 

Status quo  

 

2010 

Referenz-

Szenario 

2080 

Transformations

-Szenario 

2080 

Trinkwasserversorgung -12.563 -7.050 -3.113 

Betriebswassernutzung (Druckhaltung) 0 0 -3.240 

weitergehende Regenwasserbehandlung 0 -3.206 -6.450 

Grauwasserentsorgung 0 0 -7.680 

weitergehende Mischwasserbehandlung -2.415 -1.802 0 

Abwasserentsorgung -20.000 -8.728 0 

P-Rückgewinnung (Strom) 0 -1.485 -2.917 

N-Rückgewinnung (Strom) 0 -1.531 -3.008 

N-Rückgewinnung (Wärme) 0 -8.352 -16.407 

CSB-Restelimination (Strom) 0 0 -2.735 

Vakuumsystem 0 0 -4.500 

Abwärme (Abwasser, Grauwasser) 0 43.642 183.600 

Vergärung Schwarzwasser (Wärme) 0 0 -29.991 

Vergärung Schwarzwasser (Strom) 0 0 4.041 

Summe elektrisch 

Summe thermisch 

Gesamtsumme 

-34.978 

0 

-34.978 

-23.803 

35.290 

11.487 

-29.601 

137.201 

107.601 
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Cost Balance 

Kostenbilanz (inklusive Erlöse) 

 

(Mio. Euro/a) 

Status quo  

2010 

Referenz-Szenario 

2080 

Transformations-

Szenario 

2080 

Trinkwasserversorgung 50,3 39,2 27,6 

Betriebswassernutzung 

(behandeltes Grau-/Regenwasser) 

- - 10,8 

Regenwasserentsorgung 23,9 19,5 35,4 

Grauwasserentsorgung - - 31,7 

Abwasserentsorgung 76,7 79,7 - 

Schlammwasserbehandlung - 1,9 - 

Schwarzwasserentsorgung - - 35,5 

Summe 150,9 140,3 140,9 
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Planning Aspects (1) 

 Urban building law (in Germany) gives multitude possibilities for 

municipalities to initiate the process of transformation and realizing 

strategic aims.  

 In particular in the context of climate protection and energie saving 

this is the case. Above all arrangements can be made in the context of 

urban building contracts.  

 Informal instruments of urban development (like urban development 

concepts, general principles, district development concepts or sectoral 

concepts) as well are helpfull. Regarding the current challenges and 

frameworks these instruments will give the chance tho show higher 

objectives for the development of a city in a comprehenshive way.  
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Planning Aspects (2) 

 Relating to the new infrastructural solutions it is important to question 

practised planning steps.  

 Over the last decades technical infrastructure was following the 

urban development and a subordinated sectoral planning.  

 To realize new solutions is ist nessesary that all municipal players 

agree on a overall strategie of urban and infrastructural 

development. 

 The compulsory connection in Principle can be applied to de- and 

semicentral treatment plants. If these are in private ownership a 

public-law contract should be concluded. 
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Chances for Public Utilities 

 Municipal Utilities in Germany often are integrated-transversal 

providers of public services (Stadtwerke). They have specific lokal 

knowledge for realizing integrated concepts of urban and 

infrastructural development. 

 The sooner the public utilities will get pioneer the development system 

alternatives, the better chance they will get for a for a good position in 

the market. 

 Decentral infrastructures are more or less municipal infrastructures. 

Precondition for realizing the potentials of new infrastructural solutions 

is integration of hiherto seperated areas. 

 Questioning the organisational seperation of water and waste 

water. 

 Realizing waste water as an important resource for energy 

providing (biogas, waste heat etc.) 



50 

 

Results (1) 

 Indicators show stagnition of the existing Infrastructure-Model 

 Weak economic capital potential: Economies of Scale achieve 
saturation, Economies of Scope more or less exhausted; saturation 
of consumer demand. 

 Negative effects through „diseconomies of scale“, cost increase by 
central water supply oder central sewage disposal in sparsely 
populated areas, „fixed cost pitfall“ as a result of shinking demand.  

 Competetively systems: new technologies. 

 Negative effects through „diseconomies of scope“: Sensetivity 
against extremes in the natural environment; climate change with 
heavy rain fall. 

 A completely or quick transformation in direction to alternative 

solutions may be not a realistic perspective, because it seems to 

be radical, but there is a growing interesst in such solutions. 

 example DWA-working group on alternative sanitary technologies 

(NASS). 
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Results (2) 

 The infrastructure in 70 years will be an (entirely?) other than 

we have at the moment. 

 New forms of water and waste water management can be 

realized in different urban spaces. Starting points are in areas, 

where development measures are planned already (e.g. 

conversion areas). 

 Realisation with public participation: Social acceptance! 
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Chronological and Spatial Priorisation 
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Results (3) 

 The new forms of combination energy, water, waste water and 

waste will cause integrated infastructure utilities. 

 Differentiation of water use according to intended purpose or 

the decentral resp. semicentral linking of water supply and 

sewage disposal raises the issue how to guarantee the water 

quality or how to organize the service. The  public (municipal) 

service provision will get a new legitimation.  

 The sooner the public utilities will get pioneer the development 

system alternatives, the better chance they will get for a for a 

good position in the market. 

 Integrated solutions imply that the municipalities should further 

adapt the sustainability of their infrastructure to their strategic 

buisiness of public service provision.  
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Eco-Efficiency-Analysis 




