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Abstract 

The water sector has become subject to significant shifts due to global change. 
That’s why the break-up of the centrally dominated infrastructure needing to 
become more and more flexible in recent times is being discussed. Demographic, 
social and economic changes have led to a decrease in water demand and thus to 
an under-utilisation of the technical infrastructure. In contrast, the increase of 
heavy rains and prolonged dry periods has changed the sewage system 
contrarily. Furthermore, the legal requirements of the European Water 
Framework Directive (WFD) and its environmental objectives have to be 
observed. In the field of sewage disposal arises a paradigm shift from the central 
stormwater water disposal towards decentralised stormwater management to 
cope with the challenges. However, the integration of a decentralised approach to 
an existing centralised infrastructure system represents further challenges, 
especially due to heterogeneous inter- and intraregional settlement and 
infrastructure development. 
Keywords: paradigm shift, decentralised stormwater management, disconnection 
of rainwater, sewage disposal, networked transformation, extensive/disperse 
dismantling, Cold Spots and Hot Spots, global change. 

1 Introduction 

In the past the entire water sector had to react to an increasing demand. The 
central infrastructure system was expanded continuously because of the growing 
system requirements. Under these conditions, it has economic and operational 
benefits over a decentralised approach. As a result, urban areas are characterised 
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by a spacious centrally organised network of water infrastructure which consists 
of the drinking water pipeline, sewage canalisation and treatment systems. The 
technical infrastructure is characterised by a long-lasting operation time of 80 
years or more. In addition, there are high investment costs with a share of fixed 
costs of 80% to 20% of variable costs. 
     In recent years, the requirements on the water sector have shifted due to 
external drivers. Consequently, in the field of sewage disposal (sewage and 
stormwater disposal) arise a paradigm shift from the central stormwater disposal 
towards decentralised stormwater management within urban areas [1]. This 
obvious different approach to dealing with stormwater requires a significant 
rebuilding phase of the existing infrastructure system; also called transformation 
[2]. In the case of a settlement expansion and new development, such 
infrastructure projects can be considered in planning processes, whereas in the 
case of existing settlement further technical and organisational challenges come 
up; especially in a mixed system. 
     Based on a literature review, it shall demonstrate a coherent status of research 
for the transformation of central stormwater disposal to decentralised stormwater 
management within existing settlement. First, there will be a short overview of 
the partially contrary influencing factors of the sewage disposal. Second, the new 
dealing with urban stormwater and their management objectives is summarised. 
Finally, the problem of integration of a decentralised approach in a centralised 
infrastructure system is demonstrated and discussed, focusing on the technical 
aspects of the transformation. 

2 Global change and its impacts on the urban water sector 
in Germany 

Global changes have changed the requirements on the water sector including the 
sewage treatment significantly in recent years (fig. 1). In Germany the forecast 
shows a decline in population from 80.5 million inhabitants to approximately 
77.4 million inhabitants by the year 2030 and approximately 69.4 million 
inhabitants by the year 2050 [3]. Additionally, the demand for water has been 
decreasing from 147 l/pers. per day in 1990 to only 121 l/pers. per day due date 
because of increasing water-saving household appliances and tapwares as well as 
increasing environmental awareness. The industrial water demand has also been 
decreasing significantly over the years. Compared with this, the dimension of the 
sewage was constructed up to 219 l/pers. per day, which was based on water 
demand forecasts from the 1970s and 1980s [4]. The declining entire 
water demand – based on the demographic, social and economic changes – and 
the expectable increase in temperature and the prolonged dry periods due to 
climate change lead to an under-utilisation in mixed systems. As a result, the risk 
of deposit increases and the quality of wastewater declines by biochemical 
processes. Furthermore, there may be damage of cement-bounded materials of 
canalisation by the biogenic sulphuric corrosion and sulphides [5]. In addition, 
the positive economies of scale disappear due to declining water demand and the 
demographical induced declining customer number [6, 7]. Ergo, the specific and 
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Figure 1: Influencing factors for the sewage disposal (based on [17, 18]). 

 
population-related costs rise continuously due to the high fixed costs of sewage 
disposal to maintain the infrastructure [8]. 
     In contrast, a more frequent and stronger hydraulic load of the canalisation 
and sewage treatment plants is expected due to extreme precipitation; especially, 
by heavy rain [8]. In this context, Fuchs et al. [9] identify potential overwater 
areas by use of an examination for sewerage flooding for Dresden, Saxony. An 
increased of flood events can be expected, particularly, including an increase in 
heavy rain events in Saxony during the summer months [10]. Furthermore, the 
simulation results by Kuchenbecker et al. [11] point out a significant climate-
induced increase in flood events of Hamburg’s mixed sewage system. As a 
result, performance losses by the sewage and stormwater treatment systems 
cannot be excluded [12] as well as other infrastructural failures [13]. 
Consequently, more and more backwater, overwater and flooding phenomena 
take place in urban areas, which can lead to significant damage in 
agglomerations [8, 14]. According to German insurance companies, about half of 
the regulated flood damage caused by such localised extreme events nowadays 
[15]. 
     The ecological requirement increase due to WFD and its environmental 
objectives taking the cost for the water services into consideration. It should be 
noted that the definition of water pricing has to take into account the cost-by-
cause and cost covering principle as well as the economic costs to cover the 
respective water services together with the environmental and resource 
costs [16]. 
     Especially the dominant central organised water infrastructure appears to be 
inflexible towards changes due to its unique features. Additionally, it is 
influenced by global change depending on the locality, settlement and landscape 
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structure, and their highly heterogeneous characteristics. Consequently, meso-
scale disparities do not occur only in regional but also within urban areas with 
the result that sections of the water sector are involved very differently [6]. 

3 Paradigm shift: breaking new soil in dealing with the 
stormwater within urban areas 

A paradigm shift in the field of sewage disposal arises due to global change [1]. 
While currently the rain water is removed completely and as quickly as possible 
through the central mixed or separation system analogously to the sewage 
disposal, the new discussion focuses on the advantages of local stormwater 
management considering the existing drainage service (flooding and 
waterlogging protection) [19]. 
     The fundamental functional task of stormwater management is to store 
stormwater as locally as possible, treat or clean, and/or derive throttled [20]. The 
effectiveness of the stormwater management systems are depending on the 
natural condition of the soil, the occurrence of contaminated sites [21, 22], 
anthropogenic above- and underground development [23], and of the global 
influencing factors. 
     By now the stormwater management can look back on over 25 years of 
practical experience and a variety of (pilot) projects, which demonstrate the 
functionality and adherence to the state-of-the-art [1, 19]. The essential 
management objectives can be extracted from fig. 2. According to Sieker and 
Sieker [24], stormwater can be managed within the built-up area in this way that 
the remaining annual runoff is equivalent to the condition before development or 
close to it. The resulting reduction of negative impact on the natural water 
balance can be guaranteed by maintaining the existing drainage service. 
     By reducing the stormwater runoff within the canalisation, it enables the 
reduction of the dimensioning or even the dismantling of the canalisation [25]. 
Consequently, long-term infrastructural adaptation measures are preferred in 
regards to the declining water demand. In this context, the treatment-free  
 

 

Figure 2: Categories of the essential management objectives for decentralised 
stormwater management (based on [27]). 
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stormwater runoff has not processed the sewage treatment plants unnecessarily. 
Furthermore, resulting procedural adaptation potentials of sewage treatments 
[26]. 

4 Structural challenges through an integrating of stormwater 
management systems within existing settlement 

The decentralised approach dealing with stormwater requires a transformation of 
the existing centralised infrastructure system. Technical and organisational 
challenges result during the effective as well as cost-effective integration of 
alternative and complementary technologies into existing systems [2]. 
     According to Koziol [6] the central system is still required by an integration 
of stormwater management systems (substitution), with the result that the 
utilisation will further reduce. Moreover from a technical perspective, a network 
transformation is problematic because single projects have no greater reaction on 
the existing networks and facilities. Especially taking individual network 
components out from the total network is only possible under certain conditions. 
Complex interactions between various systems and their innovations make even 
systemic changes in urban areas more complicate, where most of the networks 
are depreciated. Ergo, to this day, the adaptations of the technical sewage 
infrastructure followed the two criteria [6]: 

1) Condition compact, dense settlement structure by housing-
economical/urban adaptation strategies, meaning dismantling from outside 
to inside and cost-effective continued operation of existing centralised 
networks and facilities 

2) Avoidance of adaptation investments in the phases of shrinking by 
adapting for a network structure urban redevelopment planning 

     These criteria shall be assessed critically because of the already described 
global influences on the sewage infrastructure. The current continual trend of 
shrinking areas as well as the general declining water demand requires 
adaptation measures in periods of shrinking, too. In this context, the settlement 
dismantling is another challenge. The (partial) dismantling measures of the 
building stock alone will influence the functionality of the technical 
infrastructure significantly. Fig. 3 illustrates extensively the two main basic 
variants of settlement dismantling that are considered and described below. 
     Using the extensive dismantling will demolish whole settlement units. 
Normally there are no main problems expected from the perspective of water 
infrastructure because the network is dismantled opposite to its development as 
part of the demolition building. Alternatively, parts of the main network can also 
be decommissioned. At the edge of service area a dismantling/decommissioning 
of a part of the main network is even possible. However, an extensive 
dismantling within a settlement requires a transit route for supply maintenance 
located behind residential areas or single buildings [6]. 
     Among disperse dismantling is be understood the floor-by-floor dismantling 
and selective demolition. At the floor-by-floor dismantling the structure and 
length of the network will remain, but leads to a higher allocation of fixed costs 
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and replacement investment for network renovations. If the canalisation becomes 
under-utilised, the operating costs will escalate. Moreover, other investments can 
become to adapt the dimension of the canalisation and treatment systems. 
Although by the selective dismantling of individual buildings are removed from 
the building block, the effects are comparable to the floor-by-floor dismantling 
[6, 28]. 
     Koziol [6] points out that the immobile characteristics of the water 
infrastructure lead to a reduction of facilities and a re-use elsewhere is 
technically or cost-effective hardly possible. In the case of permanent 
decommissioning, the existing amortised costs of these facilities and networks 
have to be amortised prematurely and will more burdening of business. More 
cost of dismantling or protection exposed facilities/networks cannot ruled out. 
After Naumann and Wissen [29] inter- and intraregional spatial differentiations 
may increase the cost burden again. Furthermore, an integration of decentralised 
systems in a centralised system can further increase the fixed costs due to 
maintenance the system function of the entire system. This extends to 
transitional phases within a transformation process. As a result, operators have 
little willingness towards a transformation and comprehensive system exchanges 
will be prevented [6, 30]. 
     Consequently, a system exchange within existing settlement will be possible 
and useful especially, if the existing system needs to be significant more 
expensive (fixed cost case), or if necessary, replaced prematurely, because of 
functional problems by shrinking processes. Specifically, this means that 
transformation processes are interesting in low population density settlement 
areas with relevant shrinking phenomena especially. But now they are usually 
associated with a high rate of destruction of capital and may be with significant  
 

 

Figure 3: Basic variants of the dismantling of urban redevelopment: 
(a) extensive dismantling; (b) disperse dismantling (based on [28]). 
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problems in the remaining networks. System exchanges in inner-city locations 
are attractive relatively, but there are spatial problems caused by lack of 
available space and structural requirements [6]. 
     In the long term low costs are expected for an extensive dismantling, whereas 
denser compared to more sparsely populated settlement structures are favoured 
[6, 28]. 
     Basically, reducing of future costs cannot be excluded by further learning and 
economical scales. First cost reductions between 1985 and 2002 were already 
demonstrated in decentralised systems as well as in membrane systems [31].  
     Schiller [7] points out the inefficiency of a short-term dismantling of the 
central system. But he emphasises that in the long term a system exchanges 
under coordination between the water sector and the settlement planning leads to 
saving potentials. Furthermore, integrating other infrastructures could create 
further positive effects. For example, using decentralised sewage treatment 
plants can contribute to overcome the challenges for the water sector [26], which 
are recognised as a full-value substitute for central sewage treatment plants since 
2002 nationwide in Germany. An interaction with the stormwater management 
cannot be excluded. The literature shows that combinations of traditional and 
future-oriented approaches do not require a turning away from the traditional 
system [30, 32]. Furthermore, it is important to note that usually technical 
developments do not happen independently from one another, in order that 
innovation are not only cause synergy effects but also contrary [18, 30]. 
     Last but not least, it should be noted that spatially and socially disparities in 
the water sector can be caused by emerging fragmented and spatially 
differentiated infrastructure development, so-called Cold Spots and Hot Spots. 
The Cold Spots are structurally weak areas with a secondary interest for 
operators, whereas Hot Spots are structurally strong and developable areas. For 
operators it is more favourable to avoid less lucrative areas as well as social 
groups and to provide more profitable and customised services for selected 
groups of customers [33, 34]. Cold Spots and Hot Spots occur usually inter- and 
intraregional dispersed and some areas are also characterised with the properties 
of both types due to time disparities (e.g. seasonal tourism) [33]. At the moment 
only the drinking water supply and sewage disposal are part of the public 
services, while (local) water utilities and urban planning do not have to take care 
of a comprehensive equivalent integration of the stormwater management. 
However, the theory of Cold Spots and Hot Spots is also useable for the 
stormwater management and not only for drinking water supply and sewage 
disposal. This can be derived amongst others by the already described different 
economic incentives between strong and weak structural areas next to 
maintenance the operability of technical facilities with global change in mind. 

5 Discussion and outlook 

The technical infrastructure is concerned of heterogeneous and partly contrary 
acting consequences (such as under- and over-utilization of sewage) because of 
the extreme heterogeneous interactive global change on sewage disposal. 
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Additional inter- and intraregional differences magnify the problem. According 
to general statements, consequences of global change and its solutions appear 
difficult to realise, while adaption at the regional level implicate a significantly 
higher effort. 
     Previous studies have been able to show that a decentralised stormwater 
management can contribute to overcome the challenges essentially as part of a 
transformation process within the urban areas. The disconnection of the 
stormwater and the associated discharge of sewage make long-term interventions 
in the sewage infrastructure possible. But the fact is that possible strategies in 
adapting the water infrastructure can only be implemented elaborately. For 
instance a dismantling/decommissioning of the canalisation is preferably from 
outside to inside. Compared to the centralised approach, the decentralised 
approach can react more flexible to changes. 
     The focus on adaptation measures within compact and dense settlement 
structure and the avoidance of adaptation investments in the phases of shrinking 
is no longer in keeping with the times. Especially since shrinking regions are not 
single-handedly experiencing water-related effects caused by demographic, 
social and economic changes. Koziol et al. [5] suggest that stable and growing 
regions need to prepare currently for future shrinking processes. The specific 
water demand decreases mostly independent from the population development 
because beside the emerging demographic and steady economic change. 
Consequently, the challenge is to meet the requirements and, if necessary, to 
avoid or to minimise overloads and canalisation under-utilisation in the future 
[35]. 
     Early research by the author point out, stormwater management has been 
mostly integrated into new developed areas and less in existing settlement. In 
addition, these integrations are often via pilot projects or within individual 
projects. Innovative concepts for a safe and adaptable stormwater management 
within the project dynaklim in North Rhine-Westphalia [36] or the project RISA 
(Rain InfraStructure Adaption) in Hamburg [37] are ones of these. The previous 
reserved integration within existing settlement illustrates the importance of a 
multi-structural cooperation with the affected institutions and the public. This is 
documented by the studies of Wolff and Marschke [38] and Marschke et al. [39], 
who used the example of programmes on urban restructuring in Saxony, Eastern 
Germany, to show that provided subsidies for infrastructural adaptation of 
sustainable urban planning could not be retrieved in time. 
     It seems necessary to use geodata more often, with the aim to develop 
extensive-effective instruments for a medium and long term integrating of an 
extensive stormwater management within existing settlement. Geiger et al. [22] 
introduced a GIS-based method for potential analysis of urban stormwater 
management depending on natural conditions and urban structure types (UST). 
     In the case of integration of stormwater management within existing 
settlement, a modification of the methodology appears to be necessary. For this 
purpose, targets are currently being developed, which first of all can be derived 
from the six categories of management objectives to meet the ecological 
requirements of the WFD. In the context of settlement and infrastructure 
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development also occurring Cold Spots and Hot Spots have to be identified and 
considered. It can be assumed that investment are made in the economical 
attractive Hot Spots especially, during Cold Spots are interesting for the 
technical feasibility. 
     The aim is to generate disconnection potential types, which can illustrate a 
ranking of disconnection areas depending on emphasis. As a result, a transparent 
and coherent concept for the integration of stormwater management in existing 
settlement can be developed. Ultimately, multi-structure statements can be 
created, which may be used as a basis for targeted economic discussions [40]. 
Consequently, existing economic instruments and their effect of stormwater 
management can be discussed and new approaches can be demonstrated. 
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