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Abstract
In this thesis, the flexibility concept for sewage systems in the Netherlands is studied. Flexibility is
explored because the sewage domain faces increasing uncertainty, whereby relying solely on the
traditional robust concepts does not always provide the best solutions any longer. The flexibility
concept was studied by reviewing literature from other professional fields since it is just recently
applied in the sewage domain. Through interviews with actors involved in sewage system
management, knowledge about their perception towards flexibility was gathered. Different
conceptualizations of flexibility and the existence of multiple types were found. This thesis therefore
systematically structured the diverse flexibility types that were found applicable for sewage systems,
in three groups and presented it in a figure. A domain analysis was executed to create the three groups.
Furthermore, flexibility is recognized beneficial, though in diverse intensity among actors in sewage
system management. In general, flexibility measures related to spatial planning and water quantity are
concluded beneficial for sewage systems. Some boundary conditions are proposed to deal with
possible negative impacts of implementing flexibility.
Keywords: Flexibility, Flexibility types, Robustness, Sewage systems, Uncertainty
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Summary
This thesis studies the concept of flexibility in the sewage domain in the Netherlands. Flexibility is
researched for sewage systems as it can better deal with uncertainty than the traditional concept of
robustness used in sewage systems. Applying flexibility for example to sewage infrastructure has the
advantage that the infrastructure can be altered during its lifetime. The concept of flexibility has its
roots already in the 1930ies, it started in the field of economics. However, in the water infrastructure
domain and specific in the sewage domain, there is little information available about flexibility. The
flexibility concept is novel in the sewage domain and there exist different flexibility types. Thus, it is
unclear what flexibility offers in the sewage system context and it is unclear how involved actors think
about it. For that reason the main research question is: what sort of flexibility is recognized and seen
as applicable in sewage systems?
To answer this question, possible flexibility types for the sewage system were reviewed in literature
from other professional fields than the sewage domain. Nineteen interviews with sewage managers,
policy-makers and researchers related to the sewage system were held to explore their thoughts about
applying flexibility to the sewage system.
The first result of this thesis is that the flexibility concept is novel and unclear in the sewage domain.
For this reason the concept of flexibility and the different flexibility types need to be further
operationalized. This thesis aims to open the doors for that, as the flexibility types that are recognized
applicable to the sewage system are discussed and structurally organized in three groups; flexibility
types related to sewage infrastructure; flexibility types related to water quantity; and flexibility types
related to the social domain of sewage systems. The organized flexibility types provide an overview in
the diversity of possible flexibility types for sewage systems and in the way these can be thought of.
Second, there is a difference in the preferred balance between robustness and flexibility, by groups of
actors involved in sewage system management. Sewage managers favour robustness over flexibility
more than policy-makers do. The third finding is that actors involved in the sewage system
management see more possibilities to apply flexibility above than under the ground. And consequently
the flexibility types categorized under the water quantity group are seen as highly beneficial for
sewage systems, considering the increasing water extremes and uncertainty about climate change.
Fourth, next to benefits, applying flexibility in sewage systems can also cause disadvantages, tensions
and resistance. However boundary conditions are listed to limit the negative consequences that may
arise when applying flexibility. Fifth, and lastly, trends related to the sewage domain show strong links
with different flexibility types and consequently reflect the increasing demand for flexibility in sewage
systems.
This thesis concludes that overall, applying flexibility to sewage systems is recognized beneficial.
There is still much to learn about flexibility however, as outlined, this study already contributes to the
first steps of operationalization of the flexibility concept for sewage systems. Applicable flexibility
types for sewage systems are structurally categorized in three groups and presented in a figure. Also
examples of flexibility types in the sewage context are given. This together provides actors involved in
sewage system management with an overview and new insights of applicable flexibility types.
Furthermore, some boundary conditions are listed to limit possible negative consequences that may
arise when applying flexibility. Further research for example into the direction of (non-)financially
based benefits is recommended, as costs seem to have a decisive impact on if, when an where
flexibility is applicable.
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1.

Introduction
1.1 Background

Climate change is currently highly relevant for the water sector (Hegerl et al. 2007; IPCC 2007, in
Short et al., 2012). The effects of climate change include droughts, floods and intense rainfall
(Lourenço et al., 2014). Van den Hurk et al. (2014) argue that climate change is expected to cause
more water extremes, resulting in too little or too much water. Water extremes are caused by changes
in temperature and air currents (KNMI, 2014), making them difficult to predict. And consequently
causes uncertainty about when and where droughts or floods will occur.
Uncertainty about water extremes due to climate change will influence water infrastructures and their
design. For example, Parry et al. (2007, in Short et al., 2012) state that due to the inherent uncertainty
of climate change, the operation and function of present water infrastructures will be negatively
affected. This can be understood by the fact that water infrastructures are built to last for decades or
more, while the intensity and frequency of water extremes can change on a shorter timescale (de Haan
et al., 2011). Hence, water infrastructure has to accommodate for the uncertainty of future changes,
which demands specific attention, for uncertainty about water extremes in the design of new water
infrastructure and for the refurbishment of the existing infrastructure.
Not only floods or other aspects of climate change require dealing with uncertainty. The water sector
also faces an uncertain future due to, for instance, increasing population pressures and changes of land
use (Short et al., 2012). Moreover, Olsson and Newell (1999, in Spiller et al., 2015) stress that rapid
advances in technology may as well call for changes in the design and use of water infrastructure.
Although this may seem abstract, it is not unreasonable to consider that water consumption in Europe
could decrease in the future, owing to more efficient water usage arising from, for instance, smart
laundry machines. However, peaks in the water supply and in water drainage still need to be dealt
with. Thus, not knowing the exact future demand or supply of water, also contributes to the
uncertainty, and requires ideas that are able to address this uncertainty.
Several concepts exist that help with uncertainty in the design of water infrastructure, for example
resilience, flexibility, robustness and adaptiveness (Wardekker et al., 2010; Dessai and Van der Sluijs
2007 in, Lourenço et al., 2014). These concepts differ. Some increase the ability to alter infrastructure
during their lifetime, and others increase the amount of change that the infrastructure can withstand
(de Haan et al., 2011). Water infrastructure that can be altered during its lifetime can be realized by
using flexibility. Many researchers argue that flexibility can be beneficial for water infrastructure in
that it is able to address and allow room for uncertainty (Wardekker et al., 2010; de Haan et al., 2011).
Of all infrastructure types, water infrastructure is probably most vulnerable to climate change.
Additionally, water infrastructure is also important for society, because of the links to human health,
the environment and the economy (Research & Analysis Division Infrastructure Canada, 2006). The
sewage system is a subtype of water infrastructure and is of great importance for society. This is
because the introduction of the sewage system caused great changes in society, as human longevity
has increased. The sewage system was introduced for the safe disposal of sewage water and for
improved hygiene, leading to the eradication of cholera. As the sewer system is of great importance to
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society it is necessary that it functions properly at all times, including under times of increasing
uncertainty.
The functioning of sewage systems is challenged by diverse uncertain factors. They need for instance
to cope with climate extremes such as extreme rainfall, urban development, technological progress
(Spiller et al., 2015) and land use changes (Kleidorfer et al., 2013). A common problem in urban water
management is local flooding in urban areas in periods of extreme rainfall (Hidding & van der Vlist,
2009). It is recognized that, for instance, extreme rainfall affects the performance of sewage systems.
It can cause sewer overflows, which have serious drawbacks, while extreme drought may cause low
water flows through the sewers, which can lead to the breakdown of foul sewers and the deposition of
solids in sewage infrastructure pipes (WHO, 2011).
As a sewage system has a typical lifetime of 80 years, it is prone to uncertainty (Dominguez, 2008, in
Neumann et al., 2015). This is because in those 80 years the system is subjected to continual and
unforeseen changes (Gober, 2013, in Spiller et al., 2015). Additionally, once a major sewer system is
built, most of the sewage infrastructure is irreversible, which can result in high costs when changes of
infrastructure are needed (Gersonius et al., 2015).
The importance of the sewage system for society, the increasingly uncertain developments in the
sewage domain, and the major investments in sewage infrastructure, beg for a concept that can deal
adequately with the uncertainty factor. Flexibility seems to be more beneficial than other potential
concepts in order to deal with and allow room for uncertainty. Hence, the purpose of this study is to
examine the flexibility concept in sewage system management and to focus on its potential use in
sewage systems for addressing and allowing room for uncertainties.

1.2 Problem description
The Research & Analysis Division Infrastructure Canada (2006) mentions that if extreme rainfall
occurs, then drainage systems may fail, resulting in problems such as flooding. Sewage system failure
has indeed already occurred, for instance in 2001 and 2002 in Stratford, Ontario, as a result of heavy
rain and storm. This has cost the municipality a great deal of money and highlights the need for new
types of infrastructure that can deal more effectively with the demand for changes arising from climate
change. De Haan et al. (2011) outlines the robust infrastructure that forms the traditional concept of
water engineers, consisting of over-sized infrastructures for dealing with uncertainty. However,
because of these over-sized infrastructure, disasters such as that in Stratford, Ontario can always occur
when unanticipated events transpire. For this reason there is an increasing interest in using flexibility.
DiFrancesco & Tullos (2014) indicate that the literature on water resource management increasingly
recommends the use of flexibility in water systems. Flexible water systems are needed in order to deal
with the uncertainty and changing conditions which will influence and have influenced water systems
in several ways. For instance, planning, design, operation and maintenance are based on stationary
hydrologic assumptions. However due to climate change and the uncertainty surrounding it, these
assumptions are no longer valid (Bates et al. 2010; Milly et al. 2008; Wagener et al. 2008, in Short et
al., 2012). Hence, it becomes more difficult and less useful to build solely robust systems. Thus in
recent decades, flexibility has become relevant for water infrastructure, and consequently for sewage
management systems, as the traditional approach to water infrastructure, robustness, has some
drawbacks, and is no longer able to deal with the growing uncertainty and complexity in the world
2

(Tempels & Hartmann, 2014). For this reason, this study will deal with the possibilities of applying
flexibility in sewage systems, in addition to the present robustness. Furthermore, due to the novelty of
the flexibility concept both in the water and sewage domain, (Spiller et al., 2015; DiFrancesco &
Tullos, 2014), and since only few empirical studies concerning flexibility in the water domain have
been undertaken, (Dreyer & Grønhaug, 2004), it is of value to investigate the flexibility concept in the
sewage system.
The meaning of flexibility, and its distinction in relation to other possible concepts dealing with
uncertainty, such as robustness, are often unclear (Spiller et al., 2015). Moreover, when thinking about
using flexibility in the sewage infrastructure it is important to recognize that the concept of flexibility
is used in various fields. It is for instance used in management, labour schedules and for design of
airport buildings, and as a result of this diversity the concept of flexibility can be explained differently
according to different fields (de Haan et al., 2011). Although increasingly recommended for the water
domain, very little work has addressed what flexibility means in it, and consequently in sewage
systems too (DiFrancesco & Tullos, 2014). Furthermore, the flexibility concept comprises different
types of flexibility. It is however unknown which particular flexibility types may be applicable to
sewage systems. Because of this lack of understanding, a discussion is needed on the diverse concepts
that are able to deal with uncertainty; about the flexibility concept, and about which flexibility types
may be applicable to sewage systems.
Besides the existence of various flexibility concepts, it is not known what sewage managers and other
related professionals know about flexibility, or what flexibility types are given preference by them for
sewage systems. It is even unclear whether sewage managers see flexibility as an applicable concept
for their sewage systems. Moreover, even when flexibility is seen as applicable, then it is an unknown
factor what may hinder or stimulate application of it. Because of this a study is required about attitudes
to flexibility; which flexibility types are seen as useful by actors involved in the sewage system
management, and what factors affect the application of flexibility in sewage systems.
This results in the following problem statement: flexibility may be able to deal better with
uncertainties in sewage systems than other concepts, but it is unclear what flexibility in this context is,
if sewage managers and related persons identify flexibility as an applicable concept for sewage
systems, and which factors may affect the application of it in sewage systems.

1.3 Research objectives
The research objective of this study derives from the problem statement, which is to investigate which
concepts of flexibility are applicable to sewage systems and to explore the applicability of flexibility
in sewage systems.
The objective results in the following sub-objectives:
1. To discuss which concepts of flexibility are applicable to sewage systems.
2. To examine which concepts of flexibility are seen as applicable by those involved in sewage system
management.
3. To explore what factors affect the application of flexibility in sewage systems.
3

1.4 Research questions
Consistent with the research objective, this study addresses the following research question: What sort
of flexibility is recognized and seen as applicable in sewage systems?
The research question can be answered by the following sub-questions:
1. What is flexibility in sewage systems?
2. What is seen by those involved in sewage system management as flexibility?
3. Which factors affect the application of flexibility in sewage systems?

1.5 Reading guide
The thesis consists of the following chapters. Chapter 2 concerns the methods used and outlines how
the research was executed. Chapter 3 presents a theoretical framework of concepts that can deal with
uncertainty, the concept of flexibility and flexibility types. Chapter 4 describes the results of the
interviews that were held. In Chapter 5 the results are discussed and the limitations of this study are
elaborated upon. In Chapter 6 conclusions are enumerated upon and recommendations are made.
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2.

Methods

This chapter outlines what type of research has been done, which data was collected and analysed,
which methods were used and why these methods were chosen. Furthermore, problems confronted
during the execution of this study are also addressed.

2.1 Character of the study
This study addressed the question of what sort of flexibility is recognized as applicable in sewage
system management. Its focus was to investigate potential flexibility types and the obstacles of
flexibility in sewage systems. Although flexibility as a phrase seems very straightforward, the aim of
this study was mainly explorative. It needs to be stressed that because of the explorative nature of the
study, and the relative novelty of flexibility in the domain of water and sewage infrastructure, the
research was qualitative. Aside from the explorative character of this study, it was also descriptive of
the status of flexibility in sewage infrastructure. The first part of the study was mainly based on
deduction, by studying articles of journals from other professional fields to find out what types of
flexibility might be applicable for water infrastructure and primarily for sewage infrastructure. The
second part of the research was inductive, as conclusions were drawn from the conducted interviews.

2.2 Data collection and methods
Data from interviews were treated as primary data and literature as secondary data.
Literature research
The first sub research question, “What is flexibility” consisted of a literature review. To approach a
definition of flexibility, articles of journals from different professions domains were collected and
used. These were used because there is as yet little knowledge concerning flexibility in sewage
systems. Articles were chosen on management, IT and engineering, as in those fields there is much
written about flexibility, and also because they have much in common with sewage infrastructure
systems, since management, IT and engineering are all part of sewage infrastructure systems.
The literature was obtained via various meta-searches and databases: Scopus and the Library
Catalogue of Wageningen UR. The following keywords were used for the search and in different
combinations and orders: flexibility, flexible, (public) water management, water systems, water
infrastructure, uncertainty, climate change, sewer infrastructure and sewer system.
Interviews
The second sub-research question is: “What is seen by actors involved in sewage system management
as flexibility?” and the third sub-research question is: “Which factors affect the application of
flexibility in sewage systems?” These were answered through information from the interviews.
Interviews were held with managers, policy-makers and researchers related to the sewage system
management. For this study 19 interviews were conducted. These professionals were selected based on
their functions, which had to be directly connected to, or have a strong connection with, sewage
system management. Further, a search was made for variations in the type of professionals and the
type of authority they work for in selecting the interviewees. Moreover, snowballing was used, and
5

thus several interviewees were contacted through recommendations by other interviewees. A list of the
interviewees is attached in Appendix 2.
The interviews consisted only of open questions, which provided more in depth knowledge. Open
questions were chosen because the main goal was to let the experts talk and not to steer them in any
particular direction. Their thoughts on flexibility in sewage systems was paramount. For this study
semi-structured interviews were chosen, since it is valuable to have open conversations with the
experts, in which arguments and considerations are considered more important than the order in which
the questions are asked. The list with interview questions is attached in Appendix 1.
First one interview was held in order to understand the sewage system and also to test the direction of
the questions; this was done to assess whether the study was viable and potentially useful. After this
interview was held, the other interviews were planned.

2.3 Data analysis and methods
The interviews were recorded (on an Ipad with the app: Recordium version 3.2) and subsequently
transcribed (with Express Dictate Digital Dictation Software 5.82). The transcribed interviews were
analysed in Atlas.ti (version 7.5.10), in which the transcripts were coded and labelled for further use.
Atlas.ti is software for data analysis that is very useful when analysing, for instance, data sets
consisting of interviews, which was the case for this study.
After the transcripts were coded and labelled, different types of flexibility were found. These different
types were categorized into three different groups by using domain analysis. The categorizing was
performed in order to understand the relation between different types of flexibility in a meaningful
way; in other words relevant for sewage management.

2.4 Validity of the results
Flexibility is quite a novel concept in the sewage system domain, and professionals related to the
sewage systems comprise a relatively small group. For this reason there was not chosen for a case
study, because it was not the aim to compare diverse groups, locations or situations with each other;
the objective was to explore flexibility in sewage system management.
Other methods for data collection that could have been used include, for instance, a Delphi study and a
survey. Interviews were better suited to this study than a Delphi study, as the main goal was not to
reach a consensus but to explore the status of flexibility in sewage systems. Furthermore, the value of
conducting a survey was not considered very high, as flexibility is a rather novel concept in the
sewage domain, and it was already difficult for those being interviewed to express themselves on the
subject of flexibility.
For analyzing the results, Atlas.ti was chosen to enable an overview of the results, and to be able to
assess how the interviews had been analysed. The interview transcriptions and their coding and
labelling in Atlas.ti enabled a follow-up of how the study was performed and how the results and
conclusions were derived from the data. Furthermore, the domain analysis was valuable in
understanding the overview of different types of flexibility.
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2.5 Problems confronted
Several problems were confronted during this study. Some of the interviewees did not want their
voices recorded, so that notes had to be made during the interviews. It is possible that some nuance
was lost during this process. To overcome part of this problem, the written information was directly
worked out after the interviews were conducted and sent to the interviewees for feedback.
Furthermore, 19 interviews were conducted - more than expected - and planned for. The amount of
time for transcribing the interviews was underestimated; however, this was not a difficult task in itself.
This loss of time had a detrimental effect when coding with Atlas.ti; only one complete coding session
was undertaken due to lack of time. A second coding round of Atlas.ti would may have increased the
information, and likewise would have had a positive effect on conclusions that were drawn from the
interviews.
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3.

Theoretical framework

This theoretical framework outlines the concept of flexibility, resilience, adaptiveness and robustness,
which can allow scope for dealing with uncertainty. Furthermore, flexibility will be discussed in
depth, because the idea to apply flexibility to sewage systems is relatively new and is of particular
relevance in this complex and uncertain world. Additionally, different flexibility types that might be
applicable to sewage systems will also be elaborated upon.

3.1 Concepts for dealing with uncertainty in sewage systems
The world is becoming more complex due to globalisation, climate change and new technologies, all
of which increase the uncertainty for sewage system managers. We are all familiar with uncertainty.
However, the question for sewage system managers is how to cope with it. This consideration
emphasises the need to search for and apply concepts that are able to deal with uncertainty in an
attempt to make sewage infrastructures proof against an unknown future (Spiller et al., 2015).
Flexibility is a concept that is able to deal with or allow room for uncertainty, although the concepts of
robustness, adaptiveness and resilience also share this characteristic. Sometimes flexibility, robustness,
adaptiveness and resilience are seen as synonyms. There are however important differences between
them. De Haan et al. (2011, p.926) define them in relation to infrastructure:
“A flexible infrastructure constellation. . .
. . .can be employed differently to keep on meeting a societal need under changed circumstances
An adaptive infrastructure constellation. . .
. . .can be altered to keep on meeting a societal need under changed circumstances
A resilient infrastructure constellation. . .
. . .can resume meeting a societal need under changed circumstances
A robust infrastructure constellation. . .
. . .can keep on meeting a societal need under changed circumstances”
These definitions of the four concepts from de Haan et al. (2011) are very useful, as they are set
against each other. Flexibility in infrastructure makes it possible to alter infrastructure during its
lifetime: a flexible infrastructure only needs to be employed differently, as it is already pre-prepared
for potential change. Robust infrastructure differs from flexible infrastructure, as it is unable to
change; it has a fixed design. Resilient and adaptive infrastructure differs from flexible infrastructure,
as they are both associated with recovery. Another distinction between the concepts is whether they
are able to deal adequately with certain or uncertain changes. However, there is no consensus on this
distinction in literature. On one hand Spiller et al. (2015) argue that robustness and adaptiveness can
respond to a foreseeable future and that flexibility can respond to uncertain changes. On the other
hand, Golden & Powell (2000) state that robustness can respond to uncertain changes and Carlsson
(1989, in Golden & Powell, 2000) argues that flexibility can respond to familiar situations also.
Moreover, Cruz & Marques (2013) argue that flexibility is only needed in uncertain situations. And
Reeson et al. (2015) state that the greater the uncertainty faced the greater the value of flexibility.
Definitions of these four concepts show that some of their characteristics overlap. This overlap is
mainly discussed regarding flexibility and robustness, probably because out of the four concepts,
robustness is the most closely related, but also the most distinguishable, from flexibility (Golden &
8

Powell 2000). For instance, some (Neumann et al., 2015) argue that flexibility is a part of robustness,
and some argue for the contrary (Spiller et al., 2015; de Neufville & Scholtes, 2011; Golden & Powell,
2000).
The difference between robust and flexible design is in the fact that both concepts aim to perform well
in uncertain futures in their own ways. Robust infrastructures resist or cope with uncertain futures
without changing (Ryan et al., 2013, in Spiller et al., 2015). The disadvantages of robust and thus
fixed designs include the risk of overinvestment, the risk of increased vulnerability if the system needs
to cope with levels above the expected safety level (Wardekker et al., 2010), and the feasibility of
locking into an expansion plan that may not make sense (de Neufville & Scholtes, 2011). De Neufville
& Scholtes (2011, p.55) argue that the disadvantages of robust design can be compensated by flexible
design, as “flexible design permits but does not require expansion”. This has many benefits, as for
example during the lifetime of a project, managers will learn more about what is needed, and due to
flexibility in design they are further able to benefit from the additional knowledge.
It is not desirable and necessary to change completely from robust to flexible infrastructures (Spiller et
al. 2015). Fane and Fane & Shannon et al. (2005, in Spiller et al., 2015) stress the idea of combining
robustness and flexibility in technology and infrastructure to be able to cope with future change. If
applied in the right way and in the right balance, robust and flexible designs can strengthen each other.
For example, Avison et al. (1995, in Golden & Powell, 2000) argue that robustness makes it possible
to maintain flexible in an unforeseen future. And Jeuken (2015, p.16) claims that flexibility is the
“ability to increase the robustness of a system”.

3.2 Flexibility concept
This section will first offer some background on flexibility and show how it is used in different
professional fields. Though flexibility has different meanings in different fields, and even within one
professional area. For this reason its application in sewage management is discussed here.

3.2.1 Background
In the 1930s the idea of flexibility became of interest. Economics saw the first research into flexibility
at about that time, which arose due to the ever changing information and predictions in this field (Hart,
1937; Stigler, 1939, in Golden & Powell, 2000). One of the researchers, Hart (1937), discussed the
need for flexibility in the light of the Great Depression of 1929, but expressed the view that flexibility
had been needed before the Great Depression because economists always face uncertainty.
After some time flexibility was studied in other professional fields, for instance in planning, energy, IT
and engineering. An example in the field of IT is the birth of the internet. Countless network protocols
on how personal computers communicate with each other have been developed, often with backward
compatibility, so that older hardware or software can still communicate with more recent machines. In
the planning profession Friedmann (1973, in Tasan-Kok, 2008) drew attention in the 1970s to
something that can be seen as the beginning of planning flexibility by claiming that the role of a
planner is to guide rather than to control. However, it took until the beginning of 1980s before
flexibility in planning became a trend, with a loosening of the rigid rules (Healey & Williams, 1993, in
Tasan-Kok, 2008).
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For a few decades there has been an increase in research into flexibility in other professional fields.
Over recent decades flexibility has become relevant for the water domain and in specific sewage
systems, because professionals have recognized that with changing conditions such as climate change,
the traditional approach for water infrastructure, robustness, is no longer able to deal with the growing
uncertainty and complexity in the world (Tempels & Hartmann, 2014). However, there is still limited
information concerning flexibility in relation to the domain of water infrastructure and management
(DiFrancesco & Tullos, 2014).

3.2.2 Conceptualization for sewage systems
Golden & Powell (2000) argue that it is a problem defining flexibility. The concept is used in various
professional fields and has diverse interpretations. DiFrancesco & Tullos (2014) explain that
flexibility can be defined in different ways according to the context; for instance according to the
system chosen and the reason why it is applied. Moreover, Golden & Powell (2000) claim that
flexibility is difficult to define and is multi-dimensional, since different types of flexibility can exist.
Definitions from articles in professional fields related to sewage systems will be discussed in order to
gain an overview of the concept. In the field of architecture, Moses (2010) states that flexibility
enables systems to make relatively easy changes by adding a new alternative. In the field of planning,
Faludi (1987, p.206, in Tasan-Kok, 2008) argues that “flexibility helps in achieving as much certainty
as possible in a world in flux by accepting uncertainty and applying consideration to cope with it”. In
the field of management and IT, Golden & Powell (2000, p.373) say that “flexibility is the capacity to
adapt”.
As sewage systems comprise an infrastructure it is helpful to examine definitions related to
infrastructure. An explanation of flexible infrastructure already mentioned before is from de Haan et
al. (2011, p.926): “A flexible infrastructure constellation can be employed differently to keep on
meeting a societal need under changed circumstances”. Another description of flexible infrastructure is
that it enables changes in scale, functionality, structure or the operating objective of technology or
infrastructure after implementation (Fricke and Schulz, 2005, in Spiller et al., 2015).
DiFrancesco & Tullos (2014, p.1528) report that there is little information available on flexibility in
the water domain and in specific for sewage systems, only a few definitions of flexibility have been
found. A definition of flexibility in respect of water resources is “the inherent ability of the human and
physical elements of a system to cope with, or adapt to, uncertain and changing conditions, in a timely
and cost-effective manner”. Another definition of flexibility related to a water resources system is that:
“flexibility relates to the capability to adapt to new or changes in both demands and supply” (FAO,
1993, in DiFrancesco & Tullos, 2014, p.1528).

3.3 Flexibility types
There is no available list that sums up all possible flexibility types in general, let alone for sewage
systems. This section will outline the different types of flexibility that might be useful for sewage
systems. Knowledge about flexibility from articles arising from other professional fields, such as
management, IT and engineering, are used to explore various flexibility types for sewage systems.
Flexibility will be discussed and divided into a physical and human domain related to sewage systems,
based on the definition of DiFrancesco & Tullos (2014) mentioned before on this page. If a type
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belongs to both the physical and human domains, it will be discussed under a third group that offers
flexibility in the overlap between the physical and human domains. See Figure 3.1 for an overview of
categorization of flexibility types that may be applicable to sewage systems. Types of flexibility that
are strongly related to the physical domain of sewage systems include design flexibility, material
flexibility and innovation flexibility. Types of flexibility that are strongly associated with the human
domain include flexible management, flexibility in time, financial flexibility, process flexibility,
organizational flexibility and institutional flexibility. Flexibility types that have a strong link with both
the physical and human domains include system flexibility and managerial flexibility.

Figure 3.1 Flexibility types that may be applicable to sewage systems, categorized.

3.3.1 Flexibility types relating to the physical domain of sewage systems
Design flexibility, material flexibility and innovation flexibility are flexibility types that are strongly
related to the physical domain of sewage systems.
Design flexibility
De Neufville & Scholtes (2011) state that a flexible design enables system owners and managers to
respond easily and cost-effectively to changing circumstances, since flexible design allows for but
does not oblige expansion. Spiller et al. (2015) argue that flexibility in design involves the possibility
for changes in response to as yet unknown future developments. For sewage infrastructures, design
flexibility is valuable, as the gap between the long lifetimes of water infrastructures and uncertain
environmental changes such as climate change can be bridged (Neumann et al., 2015).
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Different definitions and categorizations of design flexibility do exist. De Neufville & Scholtes (2011)
are of the opinion that flexibility in design consists of three major categories: changes in size, changes
in function and protection against accidents. With changes in the size of sewage systems it may be
considered worthwhile adding a reservoir to the already existing sewage infrastructure pipes, enabling
them to cope with an increase of rain and or waste water. Changes in the function of a system enables
the adding or removing of those parts that have an influence on the function. For sewage systems, the
example may be considered in which the sewage system changes from a combined to a separate
system. First the sewage system processes both rain and waste water, but when it changes to another
system it only processes the waste or rain water. Design of protection against accidents facilitate in
diverse ways to protect against accidents. For sewage systems, colors may be considered at the end of
sewage infrastructure pipes so that it becomes clear which pipes, waste water to waste water and
rainwater to rainwater pipes, need to be connected to each other. However, accidents still occur, as not
every municipality in the Netherlands uses the same color for coding.
Fricke and Schulz (2005; Ross et al., 2008; Saleh et al., 2003, in Spiller et al., 2015) give a slightly
different description of design flexibility, namely that it arises from the possibility of changing
functionality, structure, scale and operating objectives after implementation. An example of changing
functionality or function was already described in the previous paragraph. An example of changing the
structure from a sewage infrastructure is, for example, the length of the pipes or how they are laid in
relation to each other. An example of flexibility in scale would be to leave options open either to
expand or scale down, which can be seen as the same as a change in size from the definition of de
Neufville & Scholtes (2011). An example of flexibility in operating objectives is that in which
objectives can be changed as, for instance, a switch for recovering of phosphate from waste water.
Spiller et al. (2015) outline additionally five sub-design flexibility types: modular design, phased
design, platform design, design for remanufacturing and robust design. Modular design can be
described as infrastructure design in which components can be added or removed. For this reason
modular design is closely related to changes in the size of the system and also with changes in its
function and structure. It offers the possibility of adding or removing several physical sewage
infrastructure components or tanks that can support and ease the burden on the sewage infrastructure
pipes and the waste water treatment plant when needed.
Phased design is also closely related to changes in scale size, as the infrastructure system can be
adapted step by step. The benefit of this type is that in most cases the cost of the infrastructure project
is reduced, since not all cases need the expected expansion (Spiller et al., 2015). Maurer (2009; Wang,
2014, in Spiller et al., 2015) gives the example of the staged development of a waste water treatment
plant. Furthermore, it is also worth considering the possibility of connecting extra sewage pipes to the
sewage infrastructure, when for instance a new neighbourhood is planned or when urbanization is
encroaching (Warenco, 2011). The specific design of the sewage pipes laid beforehand can make for
simpler and cost effective extension, and thus a phased expansion.
Platform design can be described as “components that are shared across technologies or infrastructure”
(Gu et al., 2004; Simpson et al., 2001, in Spiller et al., 2015). APWA (1997, in Spiller et al., 2015)
gives an example of platform design in water infrastructure: Multi Utility Tunnels (MUTs), which are
underground structures that contain several utility services, such as sewage infrastructure pipes,
electrical cables etc.
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Spiller et al. (2015) also consider a design for remanufacturing as a sub-design flexibility type.
Hatcher et al. (2011, in Spiller et al., 2015, p.274) describe design for remanufacturing as “a design
approach that enables the continuous reuse of materials in an ‘as new’ condition”. For sewage systems
there can be thought of recycling the materials of the infrastructure pipes. In the Netherlands concrete
is still the most commonly used material for sewage systems. However, concrete does not recycle at
all well compared to other materials, such as PVC and polyethylene.
Furthermore, Spiller et al. (2015) report that robust design is also a sub-type of flexible design. Robust
design in this context means that much thought has gone into the controllable variables and materials,
such as durability etc. For sewage systems, for instance, the use of polyethylene material for sewage
pipes is an important consideration, as waste water has less influence on it than it does on concrete
(Maas, 2013).
Material flexibility
Material flexibility means that the chosen material has benefits for the design, performance, cost and
or other relevant issues for creating flexibility in infrastructure.
An example of material flexibility is given by Maas (2013). He explains that a relatively new type of
material used in sewage systems, polyethylene, is very flexible due to the possibilities of shaping and
moulding it underground. As mentioned above, polyethylene sewage pipes are furthermore also
advantageous due to the reduced adverse effects of vapour and gasses compared to other materials,
such as concrete.
Innovation flexibility
Innovation flexibility means that innovation results in beneficial effects that increases the flexibility of
the sewage system.
An example of innovation flexibility in waste water is that energy can be generated from it. The
energy generated is mainly enough to provide the energy required for the process of waste water
treatment itself. Such innovation may lead to sewage systems becoming self-sufficient in energy, thus
adding flexibility to the system. As in the future energy may be very expensive and there is always the
possibility that at some point energy will be insufficiently available. The project comprising 32 houses
in Sneek in the Netherlands is an example that links the sewage system to energy production (Van
Santen, 2012).
Additional minerals recovered from waste water is also innovative. Waste water contains, for instance,
phosphate, which is a valuable resource as an artificial fertilizer that can be used to enrich soils for
food production. However, since phosphate reserves are situated in only a few countries it is also a
political issue. Furthermore, recovering phosphate is currently easier with a separate sewage system
than with a combined system, due to the greater concentration of waste water flow (Stowa, 2016).

3.3.2 Flexibility types relating to the human domain of sewage systems
Flexibility types that mainly relate to the human domain of sewage systems include flexible
management, time flexibility, financial flexibility, process flexibility, organizational flexibility and
institutional flexibility. These types will be discussed in this section.
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Flexible management
Flexible management can be described as an organic organisation structure that can take advantage of
beneficial situations and decrease the effects of negative influences. In de Neufville & Scholtes (2011,
p.134) this statement is underlined, and flexible management enables a company “to respond proactively to circumstances as they evolve”. It is important to note that good management is required for
flexibility, since applying it results in increasingly complex situations.
Reeson et al. (2015) claim that the larger the uncertainty faced, the higher the value of being able to
change to something else, for instance switching to growing different crops in agriculture. The value
of flexible management and the ability to change is even higher when there are more alternatives
available in one situation. For example, for an agricultural field this means that the value of flexible
management is higher with more alternative land uses, as it enables greater opportunity to gain higher
returns.
Since sewage infrastructure is affected by uncertainty, due to for instance climate change, management
flexibility is valuable (Short et al, 2012). An example of management flexibility in the sewage system
concerns projects that need flexible management due to other measures that may or may not need to be
taken in the future.
Time flexibility
Already from the roots of flexibility, flexibility in timing of decisions and interventions is discussed.
Hart (1937) wrote that for an entrepreneur a postponement of decisions until more information
becomes available is essential to be able to deal with uncertainty. Thus, flexibility in time means that
decisions can be postponed. It has value because over time more information will become available
and better decisions are likely to be made (Yeo & Qui, 2003).
Time flexibility for sewage systems is of great importance in deciding when to refurbish or create
infrastructure. Van der Vlist et al. (2014) stress that the timing of infrastructure replacement is
important. Replacing water infrastructure too early causes deficient use of invested capital, whereas
replacing too late causes problems. Van der Vlist et al. (2014) studied the replacement of seven weirs
in the river Meuse. Maintaining a high water level for shipping is the core function of the seven weirs
in the Meuse. In the article various solutions for the weirs are discussed. For instance, first a partial
renovation and repair of the infrastructure in order to postpone investments in a new infrastructure.
These solutions are considered because they allow opportunity to ‘buy time’ and as a result offer
flexibility through the possibility of postponing decisions about the full replacement of the weirs to a
later date when more information will become available.
Financial flexibility
According to Hart (1937), financial flexibility means that a company can take advantage of
opportunities that are beneficial, or can protect themselves against unfavourable events without
external financial help.
Real Option (RO) theory is linked to financial flexibility. The roots of RO theory are found in the
financial option theory (Myers 1977, in Short et al., 2012). RO theory means that management has the
capability to limit downside risk of loss but maintains relatively unlimited upside potential for profit
(Yeo & Qui, 2003). In other words, RO offers the “right, but not the obligation, to change a project in
the face of uncertainty” (Trigeorgis, 1996, in Deng et al., 2013, p. 7163).
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In recent years, RO has already found acceptance in mining, pharmaceuticals, petroleum, and life
science related domains. In these domains uncertainty, instability and irreversible investments are very
significant and benefit from the use of RO and flexibility (Yeo & Qui, 2003). In line with this Odening
et al. (2005, in Reeson et al., 2015) state that RO is of value when there is next to uncertainty,
flexibility in time and (partial) irreversibility of investment. As sewage infrastructures face
uncertainty, infrastructure investments are made for many decades and because high investment costs
are involved, RO offers an opportunity to hedge against associated risks for sewage systems.
The idea that RO is also beneficial in infrastructure projects is already established, as it has been
developed for the management of infrastructure systems since the 1990s (Dixit and Pindyck, 1994, in
Gersonius et al., 2015). Furthermore, RO analysis was recently also introduced into the design of
water infrastructure systems (Woodward et al., 2011, in Gersonius et al., 2015; van Rhee et al. 2008).
Gersonius et al. (2015) claim that RO can quantify the value of flexibility measures in sewage
infrastructure systems by using external drivers for the calculation of probability. Thus RO is a tool for
providing information about the costs and value of flexibility types in sewage infrastructure, which
allows opportunity to be flexible over whether or not to invest in measures, and where to invest in.
Process flexibility
Process flexibility means having the possibility to change things during a process. Gil & Thether
(2011) state that process flexibility is desirable, as situations change over time, and postponing
decisions can enable changes due to demand. Deng et al. (2013) confirm this and suggest that
integrating uncertainty and flexibility into the decision-making process is of value because process
flexibility can decrease initial capital expenditure, improve value for investment, and enable decisionmakers to acquire more information about the system requirements during the lifetime of the project.
An example of process flexibility arises when during the process of installing sewage systems it
becomes clear that, for instance, one part of the sewage infrastructure is needed first. This demand ask
to reconsider the order in which the sewage infrastructure pipes are planned to be installed.
Organizational flexibility
Organizational flexibility can be characterised by the flexibility of an organisation to change on
several fronts for different periods. For the sewage sector, organizational flexibility is of interest
because sewage system is also controlled by organisations and institutions.
Golden & Powell (2000) outline the possible change of organizations on several fronts. They make a
distinction between four dimensions of organizational flexibility. The first dimension considers the
time required for an organisation to change because of environmental changes. For changes over the
short term, operational flexibility is needed, and tactical flexibility is demanded for medium-term
changes, while strategic flexibility applies to long-term changes. The second dimension of
organisational flexibility is relevant to the deliberate adaptation to foreseeable and unforeseeable
changes. The third dimension is about whether an organisation adapts in an active or passive way to
changes. The fourth dimension discusses the internal and external flexibility of organisations.
Related to the fourth dimension, internal flexibility can be found in management, employees and
organisational structure. External flexibility can be found with suppliers, alliances and multinational
operations. Cooke (1988, in Golden & Powell, 2000) states that organisations that work together in a
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network achieve greater external flexibility than individual companies, as networking firms can be
added and dropped more easily and quickly than employees.
The sewage domain is mostly publicly managed. An example of organizational flexibility in sewage
systems may be the already ongoing trend towards more collaboration between public institutions and
public and private organizations.
Institutional flexibility
Davis (2010) argues that institutional flexibility enables or facilitates actions that benefit changing
situations, although institutional flexibility does not lead directly to a goal. An example is that in
which flexible economic institutions facilitate high levels of income, although these high levels of
income are not generated automatically.
Institutional flexibility can be of importance for sewage systems, as Davis (2010) argues that for
societies to gain benefit from, for instance, new technologies, institutional flexibility can play an
important role. Institutional flexibility is also valuable for sewage systems for enabling the application
and continuity of other flexible types. De Neufville & Scholtes (2011) explain this by saying that
institutional, regulatory, or political developments may easily prevent the implementation of flexible
measures. Keeping options open for the future for the realization of flexible measures is difficult.
However, such measures can be enabled or hindered by institutional measures.
An example of institutional flexibility in sewage systems may be found in the detaching plan of the
sewage system from Heino, in the Netherlands. With detaching the sewage system, the future is taken
into account, because possible future connections for the sewage infrastructure are taken into account.
Institutional flexibility is required to keep several options open for the future (Warenco, 2011).

3.3.3 Flexibility types relating to the human and physical domain of sewage systems
Managerial flexibility and system flexibility are strongly related to the physical domain of sewage
systems as well to its human domain.
Managerial flexibility
Managerial flexibility can be described as demand side management (Neumann et al., 2015). The
demand side for design and operation is often uncertain and volatile (Charles et al., 1999). For water
infrastructure the demand side consists of, for instance, the amount and heaviness of rainfall, which is
uncertain and volatile. For sewage systems in particular the demand side is the number of people that
is connected to the system and the way the people make use of it. These factors are for instance
influenced by, population growth or shrinkage and work-private patterns. Uncertain dynamics in
rainfall and the uncertainty about the people connected to the sewage system may also require changes
in the design and management of infrastructure.
System flexibility
System flexibility can be described as using the infrastructure system efficiently, as well as the
expansion of the system. De Neufville & Scholtes (2011) argue that flexibility can increase
performance by between 10% and 30% compared to standard designs.
Measures not directly related to sewage infrastructure can reduce the pressures on sewage
infrastructure. System flexibility, in the sense of expansion of the sewage system, can mean that the
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system needs to be recognized larger than merely the sewage pipes under the ground. Examples of
measures for sewage system expansion are infiltration methods for streets or gardens, green gardens,
green roofs and specially designed streets where the water flows into the middle of the street in a
channel. An example of one of these measures is the small pilot project in the Argonautenstraat in
Amsterdam that concerns a new street that has a built-in infiltration capacity to reduce the impact of
heavy rainfall and that is able to extract surface water in dry periods (Jongejeugd, 2015).
The category of measures that can enlarge the sewage system have been extensively described,
although less is known about their effectiveness (e.g. Broks & Van Luijtelaar, 2015). Broks & Van
Luijtelaar (2015) show with a study that the standard design of current green roofs, is not able to help
much when heavy rainfall occurs. They have set up new guidelines for green roofs in relation to water
management. However, it is not possible to design in practice for each extreme rainfall. For this reason
it should be noted that temporary water on streets is not only the problem, it could also be part of the
solution when heavy rainfall occurs (Gastkemper, 2014).
To sum up, the concept of flexibility is ambiguous and rather new in the water domain and
consequently in the sewage domain. Furthermore, various possible flexibility types that may be
applicable for sewage systems have been described. The next chapter will outline the position of
flexibility in the sewage system through interviews. This will include how the interviewees think
about flexibility and which types of flexibility they wish to discuss. This makes it possible to compare
flexibility in literature with the information gained from the interviews.
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4.

Results

This chapter outlines the results from the 19 interviews with sewage managers, policy-makers and
researchers in the domain of sewage systems. These results centre on the themes of the novelty and the
concept diversity of flexibility, a comparison between robustness and flexibility, flexibility types
applicable to sewage systems, factors that affect the applicability of flexibility in sewage systems and
trends in sewage systems in relation to flexibility.

4.1 Novelty and concept diversity of flexibility
This section discusses the novelty and the concept diversity of flexibility in the sewage domain and the
consequences that derive from it.

4.1.1 The concept of flexibility is novel and unclear
The interviewees addressed the novelty of flexibility in the sewage domain It is important to be aware
of the novelty of flexibility amongst the interviewees, as it affects the context of this chapter. Because
of this novelty the chapter initially focuses on what has been identified concerning flexibility in the
sewage domain, and also on its definition, in order to be able to understand and discuss possibilities
relevant to flexibility in sewage systems.
In the interviews the novelty of flexibility is made clear at several points. One interviewee said that
she had not heard of flexibility before her contribution to this study (Interviewee 4, 2016).
Furthermore, interviewees also experienced difficulty defining flexibility. This can be recognized in
the fact that 18 out of the 19 interviewees initially struggled and took some time to define flexibility.
Additionally, the first responses to this question stress as well the confusion of the concept. One
interviewee states:
“Yes, this morning I already asked myself, what does she mean with it [flexibility], she will ask that
question [how would you describe flexibility?] of course” (Interviewee 6, 2016), and another
interviewee: “So when are you flexible? That is a difficult question you ask to me, and for that reason
I was much triggered [to contribute to this interview]” (Interviewee 3, 2016).
It is remarkable that 18 out of 19 interviewees in the first instance responded consistently with the
above expressed answers. An exception is Interviewee 9 (2016), who was able to answer accurately
and quickly to the question on defining flexibility. This is not surprising due to his function as a
researcher, and also because he undertook some research on flexibility. Interviewee 9 (2016) identifies
flexibility as follows:
“Thus flexibility has two components, I think. Flexibility within a strategy where measures are
implemented step by step and flexibility in between strategies whereby you can switch from one
strategy to another.” Interviewee 9 (2016) notes as well: “You can have flexibility regarding standards
[this means that you do not have fixed standards; you will design for and thereby you are enabled to
adapt the sewage system over time]. You can have a more flexible solution, for instance a green space
which serves several goals. In this case you have flexibility in the amount of goals you serve. And you
may have flexibility in design, in the sense that a design for a specific location is adaptable.”
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These definitions of flexibility given by Interviewee 9 (2016) show that the concept can be explained
and understood in different ways. Besides Interviewee 9 (2016), also the other 18 interviewees
expressed what flexibility is according to their practice and their views after they took some time to
think about the concept.
Comparing the different definitions of flexibility, it becomes clear that the ideas expressed are very
diverse, with some being quite specific as to what it is and how it works. This strengthens the finding
that there is still a lot of confusion over the concept. The next section will map the diverse meanings of
diversity within the flexibility concept.

4.1.2 Indications of the concept diversity of flexibility
There is a large amount of diversity to be found in flexibility, according to the interviews. The
diversity of flexibility is derived from various factors, which will now be outlined.
Diversity is found for how the concept is operationalized. Interviewee 3 (2016) says that “The crux of
flexibility is that money and ambition from different professional fields will come together”.
Flexibility in this sense is linked to the “doelmatigheid” which is the ‘effectiveness’ of the ex-minister
of traffic and water management of the Netherlands, Karla Peijs. Interviewee 3 (2016) shows with the
following example that flexibility is demanded for the sewage system to enable more ‘effectiveness’:
sewage tax can only be spent on sewage management, so for instance if you talk about climate
adaptation it is understood that you are able to cope better with, for instance, heat stress, by using
water or greening measures. These measures however do not belong to sewage management, so they
cannot be taken. Interviewee 17 (2016) assumes that “Flexibility is to push boundaries”. He explains
that sometimes you have to deviate from design guidelines and for that reason flexibility is needed.
For instance, there is a guideline that trees need to be planted at a minimal distance of two meters from
any sewage infrastructure, due to their roots. This is because when digging to replace or renew the
sewage system, any trees closer than two meters will be adversely affected. However, Interviewee 17
(2016) notes that you can also be flexible and, for instance, apply ‘root barriers’, making it possible to
have trees closer than two meters to the sewage infrastructure. Interviewee 17 (2016) continues by
saying that applying ‘root barriers’ is more expensive. Thus we should not make it common practice,
but sometimes it helps to think and to act flexible. Moreover, Interviewee 13 (2016) encourages
flexibility due to climate change by saying “If you have extreme rain, you have to look at what
happens in a city. You must not want that [the effects that extreme rain has on a city]. So if we want
flexibility, and that [flexibility] is not by definition in the sewage system, we all need to take extra
measures together”. Interviewee 16 (2016) notices both the opportunities and requirements for coping
better with spatial pressure and the effects of climate change by being flexible. He clarifies the wish to
apply flexibility to sewage systems by stating “I am truly of the opinion that we have a task to find
[different types of] paving. Or a ground-level design that does not have to be superfluously paved, but
also that there is the opportunity to create more green spaces where it [rainwater] can infiltrate. And
we have to consider our free space under the ground [as we might can use that as storage place for
rainwater too].”
Next to the diversity that arose from the interviews concerning when flexibility should be
operationalized at core, some common characteristics also became clearer. In general the interviewees
characterised flexibility by fit for purpose (e.g. Interviewee 12, 2016; Interviewee 5, 2016), that it is
associated with the decentralization of the physical parts of sewage systems (e.g. Interviewee 11,
2016; Interviewee 7, 2016), and that it is often used for a specific problem (e.g. Interviewee 8, 2016;
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Interviewee 1, 2015). Interviewee 17 (2016) for instance discusses an example showing that flexibility
is needed because of a specific problem:
“But look, if there are urgent jobs we [still] start according to procedures. Permits and preparations
and so on, [which will take us] three months. But I think, come on guys, we have an urgent job. If
necessary, I can be ready to open this street in two weeks, if needed. If there is a hole in the road
tomorrow, we will also not say, ok fine in three weeks we are going to fix it. You know.”
Another specific example of an urgent job explained by Interviewee 17 (2016) is that of a sewage
infrastructure to be built near a school to be opened in three months. However, the school needs to be
clean and furnished before the opening, as it concerns small children and their safety. Therefore the
sewage infrastructure needs to be finished one month earlier. Here we face a problem if we work
according to procedures, and so we are forced to be flexible to speed up the work process. Interviewee
17 (2016) continues further, saying that the world is not that perfect that we cannot always follow the
rules. However, some planning and rules are also needed to be able to make all the planning work.
Therefore, he continues, some flexibility of thinking is required in the way of thinking, for you I can
make an exception… and for you I cannot…, is needed.
Diversity is also found when, time wisely seen, it is appropriate to apply flexibility to sewage systems.
All interviewees expressed the view that flexibility enables timely responses to possible future
developments (e.g. Interviewee 19, 2016; Interviewee 15, 2016). There was, however, some confusion
amongst interviewees whether such responses were to be made to uncertain or certain developments.
Even within interviews there was some confusion about when to apply flexibility. Interviewee 12
(2016) says at one moment that flexibility is best applied in situations of uncertainty, while he also
says at another moment that flexibility is about building for what you know, and thus for a certain
situation. Moreover, Interviewee 9 (2016) says that flexibility is most valuable when you know in time
that uncertainty will decrease. Furthermore, he continues that flexibility is best applied as natural
adjustments to the system. For example, investments in the maintenance of roads or greening spaces
are the most appropriate moments for flexibility adjustments in your sewage system. Use flexibility
where it already exists, he says.
There is also a diverse set of issues related to where flexibility can be applied. With as main difference
in the physical system in other words the sewage infrastructure, versus the more social, for instance
institutional and spatial side of sewage system management. In general interviewees underlined the
concept of flexibility being mainly concerned with the social side of the sewage system rather than
with its technological features. Technically, we can already achieve almost everything that we want
(Interviewee 3, 2016). In line with this, interviewees mainly see opportunities for applying flexibility
in the sewage system above the ground, for instance in relation to spatial planning measures, than in
the underground infrastructure (Interviewee 9, 2016). This is because the underground infrastructure
has a long lifetime and is related to high investments costs.
To sum up, the flexibility concept has been quite vague until now. Diversity exists about when, how
and for what purpose flexibility should be applied to sewage systems.
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4.1.3 Consequences deriving from the confusion and diversity of the flexibility concept
The lack of clarity about what flexibility is, and how and where it can be applied, has implications for
understanding and operationalizing the concept for sewage system management.
Operationalization is demanded due to the current ambiguity in communication amongst stakeholders.
The flexibility concept is ambiguous itself and it is quite novel in the sewage domain. At the moment
it is not clear what is meant when professionals discuss flexibility without providing further
explanations and details. This may result in misunderstandings. Therefore interviewees demand the
operationalization of the concept of flexibility in order to gain a better general idea of what they are
discussing (Interviewee 13, 2016; Interviewee 18, 2016).
Another consequence deriving from the confusion over the concept of the diversity of flexibility is that
it is unclear how to execute it in specific cases. For instance, Interviewee 13 (2016) notes a result of
the lack of clarity. He says that Waternet, the manager of the sewage system in Amsterdam, has
already faced the issue that arises when what they ask for is not made clear. A standard question asked
by individuals or organizations was ‘how can we, for instance, ensure that 60 mm of rainfall will be
contained in this area?’ People know what they wish to do, but not how to execute it. This is why
Waternet began offering design advice, to facilitate how these requests can be met.
Another consequence of the confusion over this issue is that legal difficulties are hard to change and to
cope with. The difficulty for the water and sewage domains is that there are few pieces of hard
legislation but many policies (Interviewee 19, 2016). For instance, in general it is yet not possible to
oblige a certain design for gardens of individuals. Furthermore, it is currently also not always possible
to oblige the innovative wishes of water boards and municipalities by designing new buildings
(Interviewee 13, 2016). It will be difficult to implement soft laws that are not documented by law; in
other words, policies that are requested. The difficulty of implementing soft laws is increased by the
confusion over the flexibility concept and because of its novelty.
To sum up, applying the flexibility concept in the sewage domain is novel, which means that there is
still a lot of confusion about it. Furthermore there exist conceptualization diversity about how, where
and when flexibility should be implemented. The novelty and the concept of diversity in flexibility has
several consequences. It is for this reason that the operationalization of flexibility is required.

4.2 Flexibility and robustness, a comparison
This section outlines a comparison between robustness and flexibility from the perspective of sewage
managers, policy-makers and researchers of sewage systems.

4.2.1 Differences and similarities between robustness and flexibility
The connection between flexibility and robustness and its key differences was often mentioned in the
interviews when discussing flexibility. To clarify the concept of flexibility more explicitly, and to set
it against robustness, this section will further discuss robustness in contrast with flexibility.
It was easier for the interviewees to explain robustness in a sewage system than it was to define
flexibility (e.g. Interviewee 11, 2016). Robustness is indeed easier to define than flexibility, as it is
already familiar in the sewage domain, and the concept is less ambiguous than flexibility. An
interviewee states that robustness is:
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“A relative fixed system with a well-defined capacity. If you design it well, you do not have to look
after it. That is robust” (Interviewee 12, 2016).
This quote shows a link between robustness and maintenance. It is remarkable that there is an overall
tendency to associate robustness with maintenance (e.g. Interviewee 5, 2016; Interviewee 8, 2016).
Furthermore, robust systems are often associated with a long lifetime in the sewage infrastructure (e.g.
Interviewee 17, 2016) and with a centralized physical sewage system (e.g. Interviewee 14, 2016).
Moreover, interviewees were of the opinion that robustness is mainly related to underground
infrastructures (e.g. Interviewee 8, 2016; Interviewee 6, 2016). They generally link robustness to oversized sewage infrastructures, enabling them to reach acceptable performance levels over time (e.g.
Interviewee 9, 2016).
While it was easier for the interviewees to define robustness rather than flexibility, explaining the
differences as well as the similarities between them posed greater difficulties. However, from the
information gained concerning flexibility and robustness, it is possible to identify evident similarities
and several differences.
Predictions about future circumstances, in which infrastructures need to function, diverge greatly, and
one similarity between flexibility and robustness is that they can both be used to design a system in
such a way as to leave room for uncertainty. This is attained by achieving acceptable performance
from the sewage system over time (Interviewee 9, 2016). Robustness and flexibility attain acceptable
performance over time and in their own ways; both concepts are unique and there are thus major
differences between them.
Several differences between flexibility and robustness are established. Interviewee 9 (2016) says that
robustness, in the sense of building overcapacity in the system to gain certainty has been used in
sewage systems for decades. Building for robustness and choosing a safety margin means that you
build for the worst either the middle scenario. However, such scenarios can turn out either more
positive or more negative than what expectations allowed for in the construction phase. Because of
this disadvantage, there is a current trend towards the development of adaptive systems. This is how
flexibility attains an acceptable performance over time. Thus, flexible systems are able to change over
time, whereas robust systems are fixed (Interviewee 12, 2016). Another distinction between robustness
and flexibility that was recognized by the interviewees is that flexibility is mainly associated with
decentralized physical sewage systems, while robustness is more related to centralized physical
sewage systems. Interviewees state that robust systems, and as a result centralized systems, need less
maintenance than decentralized flexible systems. Another difference is that many interviewees see
more possibilities for applying flexibility in the sewage system above the ground, whereas they
identify more possibilities for applying robustness in the infrastructure beneath the ground (e.g.
Interviewee 9, 2016).
To sum up, the concept of robustness was clearer to interviewees than was flexibility. This is a logical
consequence from the fact that robustness has already been used for decades in the sewage domain.
The similarity between robustness and flexibility is that they both try to attain an acceptable
performance level of the sewage system over time. However, they attain this in their own distinct
ways, which is one of the differences between the two concepts.
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4.2.2 The balance between robustness and flexibility
As flexibility is quite novel in the sewage domain it is important to consider the finest balance
between flexibility and robustness in sewage systems. Flexibility was introduced into the sewage
domain because of the disadvantages of robustness. While considering the finest balance between
these concepts it is important to discuss the benefits of both for the sewage system first.
Flexibility and robustness are both required in sewage systems, according to the interviewees, but for
different reasons. Interviewees stress the need for robustness as they link it to centralized physical
sewage systems that can be easier to document and maintain than decentralized, and thus smaller
systems the interviewees linked to flexibility. Furthermore, the interviewees underline the need for
flexibility next to robustness, due to some uncertain developments that sewage systems face, such as
climate change, as well as the fact that professionals in the sewage system management recognize that
it is not desirable to make increasingly larger sewage pipes (Interviewee 3, 2016; Interviewee 17,
2016). Interviewees favour applying extra measures above the ground as an extension of the sewage
infrastructure under the ground. An extension of the sewage infrastructure with spatial measures above
the ground would enlarge the system and decrease the amount of rainwater flowing into the sewage
infrastructure. These extra measures could result in a more flexible system.
The wish to apply flexibility and robustness in sewage systems seems to have an extra benefit. This is
that flexibility and robustness enhance each other, and it is demonstrated by the example of
Interviewee 19 (2016): “By building more stretch [flexibility] in your system with for instance a Wadi,
a green area with permeable soil in which the rainwater can infiltrate and thus store rainwater for some
time, you will gain more elasticity in your design. And that is robustness.” This same connection
between flexibility and robustness is also stressed by Interviewee 6 (2016), who says: “Without
robustness you cannot be flexible.” Furthermore, Interviewee 18 (2016) says: “Flexibility is often
concerned with robustness in your system.” These examples show that flexibility and robustness are
somehow intertwined, as they need each other to perform at their best.
The interviewees held different opinions on the finest balance between robustness and flexibility.
Sewage managers address the need and desire of robustness in the sewage systems (Interviewee 6,
2016) further than policy makers do. For example, Interviewee 5 (2016), a policy-maker and sewage
manager says: “I also try to advise for a robust system, which can be easily maintained. Because I also
do the maintenance, and it [the design of a sewage systems and the maintenance] is very much
connected with each other.” Interviewee 13 (2016), a policy-maker, says on one hand that the sewage
infrastructure needs to be robust, because in that way diseases are prevented, at least by the use of the
waste water infrastructure. On the other hand, Interviewee 13 (2016), stresses that all the things built
around the sewage infrastructure remain flexible, like an onion peel, and this can help reduce the
amount of rainwater flowing into your sewage infrastructure. Thus this flexible peel needs to be as
large as possible.
Thus, as sewage managers maintain the sewage systems, they wish for more robust, centralized
systems rather than flexible, decentralized systems because of the easier maintenance. Interviewee 19
(2016) cites an example of such robust design. The infrastructure was designed in such a way that it is
possible to throw, for instance, your shoes into the toilet, and the sewage pipes without trouble and
warning signals for the sewage system. The wisdom of using smaller infrastructure pipes is being
questioned, as the system does not work properly all the time and more maintenance is needed to
overcome blockages. However, Interviewees 19 (2016) and 12 (2016) disagree on this point. They are
of the opinion that it is ridiculous to throw a shoe into the toilet without the system getting a warning.
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If it is known that the toilet will be blocked, then why do it? Another reason why sewage managers
may favour robustness over flexibility is because, on average, sewage managers are more conservative
than policy-makers (Interviewee 6, 2016).
To sum up, robustness has already been used for decades in the sewage domain, while flexibility is a
new concept. Robustness and flexibility have both differences and similarities, although the concepts
enhance each other when they are both used in the sewage system. There were also differences in the
interviews about what balance between robustness and flexibility is preferred in sewage systems.
Sewage managers seem to be more in favour of mainly robustness in sewage systems, while policymakers favour flexibility, next to robustness in the system.

4.3 Flexibility types applicable to sewage systems
Various flexibility types are mentioned by interviewees or through examples given by the
interviewees. This section discusses the different flexibility types for sewage systems and also
discusses where the interviewees see the main possibilities of applying flexibility in sewage systems.

4.3.1 Possibilities for applying flexibility types in sewage systems
There arises from the data many different possibilities of applying flexibility. This section outlines
systematically the different types of flexibility mentioned by the interviewees. This is achieved by
dividing different types of flexibility into the following groups: flexibility measures related to sewage
infrastructure, flexibility measures related to water quantity, and flexibility measures related to the
social system of the sewage system, see figure 4.1, on page 25. Some flexibility types have diverse
outcomes and meanings and can thereby be categorized under more than one group. When a flexibility
type belongs to several groups, it is categorized under the group that is most closely related to that
flexibility type. Furthermore, examples from the interviews, used in order to clarify the different types,
often included several flexibility types. In this section therefore examples are carefully chosen in order
to try to give a clear illustration of what each type of flexibility means.
4.3.1.1 Flexibility types related to sewage infrastructure

Material flexibility, design flexibility, standard flexibility and innovative flexibility are the core types
related to sewage infrastructure.
Material flexibility
Material flexibility is the use of a different material for sewage infrastructure offering more
possibilities and/or a greater durability. Before conducting the interviews the balloon idea was
considered. Sewage infrastructure pipes are made from a material that can adapt its diameter size when
required. Interviewee 12 (2016) mentions that the balloon idea, or the blood vessel idea, as he calls it,
is already prevalent in the sewage domain. However, he explains that the idea is a really tough one and
almost impossible for use in a sewage system.
A relatively new type of material used for sewage pipes is polyethylene. Interviewee 10 (2016)
mentions that polyethylene creates very flexible sewage pipes. In Gouda polyethylene sewage pipes
have been laid in a loop beneath the railway and away from locations where explosives are located.
This new material creates flexibility in the route that the sewage system can take. Furthermore,
Interviewee 10 (2016) also says that the polyethylene pipes, in combination with the drilling method,
offer flexibility due to the fact that not the entire surface level needs to be uncovered in order to lay the
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Figure 4.1: Categorization of flexibility types applicable to the sewage system.

pipes. The combination of the drilling method and polyethylene sewage pipes enables pipes to be laid
faster, causing less hindrance to the neighbourhood than conventional materials and methods.
However, the factory preparation time is relatively longer for polyethylene pipes.
In sewage systems various materials are currently used for the infrastructure. Interviewee 17 (2016)
says that concrete is now less costly than PVC. Another difference between the materials is that PVC
pipes weight a lot less per meter than concrete pipes.
Design flexibility
Design flexibility includes designs that offer possibilities for future changes and/or cause better
functioning of the sewage infrastructure. In the literature diverse sub-design flexibility types are
discussed. Here some examples of design flexibility from the interviews are given.
Flexibility in the structure and design of sewage pipes can be found, for instance, in the chosen length
of the pipes. Interviewee 17 (2016) explains: “Yes, you can mull [what design you desire] if you have
a sewage [pipe] of 900 meters, which will sink in 30 years [due to soft soils]. [So] you would have to
replace the 900 meters [sewage pipes each last 30 years]. But you can also say, I will make shorter
sewage [pipes] which can stand a bit more settlement.” Shorter sewage pipes can stand more
settlement as shorter strengths increase the possibilities for height differences and thereby improve
slopes which create flexibility.
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Modular design enables various possible futures over the lifetime of the infrastructure of sewage
systems. Interviewee 11 (2016) discusses that some waste water plants are built with 10%
overcapacity, while other waste water plants are of a modular design. With a modular design they are
built for what they are thought to need concerning uncertain future changes. Interviewee 11 (2016)
illustrates modular design by saying: “That you can easily say, there is coming something [a new
company/ a new neighbourhood/ a new flat etcetera], I will take one module out [of the waste water
plant] and I will put another module in”.
The platform design is also a sub-category of design flexibility. Interviewee 7 (2016) says that in one
city in Switzerland Multi Utility Tunnels (MUTs) are already being applied, and the city of Antwerp
in Belgium is seriously considering them. MUTs are underground tunnels with several pipes or cables
in them. Interviewee 7 (2016) thinks that the Netherlands might change over to MUTs in the future.
He explains that the benefit of MUTs is that you can always gain direct access to the pipes without the
need for excavation. Thus changing to MUTs will result in less hindrance and lower costs if pipes
need to be replaced or repaired, though the investment costs of a tunnel are high.
Protection against accidents is also a sub-category of design flexibility. An example of this from the
interviews was given by Interviewee 15 (2016). He explains that their pumping engine was designed
to continue functioning even without available energy. Interviewee 12 (2016) also gave an example of
protection against accidents. Currently sewage systems are mainly designed for rainwater and only
marginally for waste water, which risks erroneous connections without warning. Interviewee 12
(2016) wants to change this by showing that with a dedicated waste water system erroneous
connections would decrease. Such a dedicated waste water system could be made by designing small
waste water sewage pipes that cannot deal with a large amount of rainwater. A warning would then
ensue when rainwater flows into the system.
Another sub-category of design flexibility is phased design. Phased design means that the
infrastructure can be adapted step by step. It requires front end strategizing to be able to research what
possible changes could be needed in the future. Interviewee 10 (2016) gives an example of a design
for a new sewage system in which future possibilities are taken into account through knowing where
the critique points in the system are located and building pumping engines there. Thus if the system
ever had to be rebuilt those critique points would function as working guides.
Interviewee 19 (2016) mentions that changes to new sewage infrastructure types, and thus to the
designs, would be difficult. The waste water treatment plant and the sewage infrastructure comprise
one system. Difficulties are faced when changing the system completely, as the entire infrastructure of
a city or neighbourhood are never changed at once. When sewage pipes need replacing, the waste
water treatment plant would still be functioning, and the converse also holds. For this reason the
current system is more easily sustained than changed, and so it is not very flexible. Interviewee 17
(2016) mentions that replacing and restructuring sewage infrastructure in a neighbourhood already
requires good planning concerning which pipes should be replaced first. This is an important
consideration regarding a properly functioning system.
Standard flexibility
Standard flexibility is a core concept related to the design of infrastructure. Standard flexibility in
design means that you do not design for a particular standard.
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Interviewee 9 (2016) shows with an example that flexibility in standards is desirable when designing a
system to cope with climate changes and water extremes. It is not desirable to design the sewage
system for the most extreme rainfall to be expected, as this will cost too much.
Interviewee 17 (2016) gives another example related to flexibility standards. Why is there a standard
that a sewage pipe is not allowed to be longer than 200 meters? Why not 300 meters? At some places a
sewage pipe of 300 meters would be quite feasible. The question of when sewage systems should be
cleaned and inspected also arose. Interviewee 14 (2016) explains that at Waternet they no longer
inspect and clean periodically, but remain flexible to make such decisions as and when appropriate.
Interviewee 16 (2016) illustrates a different example. He mentions that in a certain park it was
desirable to have an as much of an independent water system as possible. This means that they wish to
have less water from outside flowing into the park system. To enable as much independence from
external water sources as possible flexible water level management was introduced. This means that
water can be sustained longer in the park and therefore less water is required externally.
Innovative flexibility
Innovative flexibility implies means that new ideas are sought for and applied, enhancing the sewage
system. Interviewee 18 (2016) recognizes that we currently still use sewage innovations that are 200
years old. He claims that there must be better ways to organize sewage systems, and that they will
probably be less costly also. Innovative flexibility is closely linked to infrastructure and to water
quantity. However, innovative flexibility is more closely related to infrastructure or to innovations of
the sewage infrastructure.
Polyethylene is highly innovative, as it is very flexible in how it can be shaped (Interviewee 10, 2016).
The Multi Utility Tunnels (MUTs) is also an innovative design, as it allows infrastructure pipes to be
organised, replaced and repaired underground.
Furthermore, resource and energy recovery regarding waste water is also innovative. Interviewee 19
(2016) explains that these innovative possibilities are hindered by the design of the present sewage
systems. For recovering resources and energy, waste water flows alone need to be processed at the
treatment plant rather than both rainwater and waste water, which has often been the case until now, as
most sewage infrastructures are combined systems.
Interviewee 16 (2016) states that several possibilities for reducing the effects of water extremes can be
seen as flexible and innovative measures. An example is the infiltration of rainfall with “spuitlansen”
as providing the best permeable means of replenishing the ground water level. Another example given
by Interviewee 17 (2016) concerns another type of sewage infrastructure pipe that offers the
possibility of coping better with water extremes. This innovative infrastructure is a drainage
infiltration system (DIT), which can infiltrate rainwater on one hand and also extract water from the
surface in times of drought.
4.3.1.2 Flexibility types related to water quantities

Steering flexibility, system flexibility, inhabitant flexibility, managerial flexibility and integral
flexibility are closely related to water quantities. Another similarity of these flexibility types is that
they are all more or less related to spatial planning measures.
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Steering flexibility
Steering flexibility is associated with steering rainwater or waste water in a specific direction in order
to avoid damage.
Interviewee 7 (2016) says that it would be a good idea to steer rainwater over the surface level
towards, for instance, a park or a location where it could do very little harm. He explains that the water
square in Rotterdam is a perfect example of this. Interviewee 16 (2016) mentions that it is important to
steer rainwater in a way that distributes it through a neighbourhood, preventing it from flowing to the
lowest point in the neighbourhood, where it could cause “nuisance-hassles-damage”.
Interviewee 10 (2016) gives another example of steering wastewater in a specific direction. He says
that in Gouda the walls were made to steer waste water in the right direction when the pumps at the
engine station stop working for some reason, or if they cannot handle the amount of water in the
sewage pipe. Sewage systems often fail in this way when they are combined systems because with
extreme rainfall a lot of rainwater will flow into a combined sewage system.
Every interviewee mentioned an example of steering flexibility. Furthermore, steering flexibility is
closely related to system flexibility, most examples included both types of flexibility at the same time.
System flexibility
System flexibility operates by dealing in a smart way with the sewage system. For instance, extra
measures can be added to the system, or waste and rainwater can be first steered to a specific place
where it can be stored. This shows the strong connection between system and steering flexibility.
The type and thereby design of the sewage system chosen can enhance or decrease system flexibility.
Interviewee 16 (2016) mentions that a separate sewage system allows opportunity to let rainfall flow
out of the system on to the surface level into, for instance, a Wadi, a green strip, or into other places of
suitable storage. This creates flexibility in the system, which is hardly possible with a combined
system. Connecting a combined sewage system to the surface water is undesirable because of the
waste water that will flow into the streets, and also for reasons of hygiene and the environment.
Real time control (RTC) creates flexibility in the sewage system. Interviewee 10 (2016) explains that
RTC is a computing tool that can steer water into sewage pipes. This is performed by determining the
points in the system and adding bandwidths to those points on which the computer will respond. RTC
is mainly applied to combined sewage systems as it tries to decrease the ‘overspill’ of combined
systems to the surface water at times of heavy rainfall. By inserting different numbers for the
bandwidth at the different points in the RTC system, it is possible to protect certain neighbourhoods
more than others. This creates some flexibility in the system, as it becomes possible to choose which
neighbourhood or even city to protect, due to for instance economic or historical reasons.
System flexibility is also created by adding extra measures above the surface level next to the sewage
infrastructure pipes under the ground. For instance, Interviewee 2 (2016) says that it is wise to keep
green spaces green. As rainwater falls on to green spaces, it will be retained, hence it does nearly run
off. Interviewees 16 (2016) and 7 (2016) mention that sewage systems can create system flexibility by
allowing rainwater to flow between the kerbstones. Interviewee 16 (2016) explains that kerbstones
were historically built as an extension of the sewage system to retain rainwater between them. They
are currently used to enable people to walk safely on the pavement alongside cars and cycles. Another
example of flexibility was discussed by Interviewee 13 (2016) and is the Polderdak at the Zuidas in
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Amsterdam. The Polderdak can be compared to the RTC system; the difference is that the Polderdak is
only concerned with rainwater. The Polderdak collects rainwater on the roofs of offices and thus
enlarges the total sewage system, creating flexibility.
Managerial flexibility
Managerial flexibility means having some influence over rainwater and/or waste water. It concerns the
flattening out of rain and waste water peaks.
Interviewee 13 (2016) gives the example of the Polderdak at the Zuidas in Amsterdam. This concept
concerns several roofs on offices in the Zuidas that are connected to each other and are able to retain
rainwater, releasing it back to the system at a later date, as discussed above. This can be seen as
managerial flexibility.
Interviewee 11 (2016) also gives an example of managerial flexibility. He says that normally peaks of
waste water flows occur in the mornings and evenings and that the sewage system is designed for
those peaks. However, Interviewee 11 (2016) mentions that building a smaller pipe designed for the
average flow of waste water with a tank that can store some of it temporarily would allow better
regulation of the amount of waste water flowing to the plant. This would be better for the treatment
plant and it is generally beneficial, as smaller sewage pipes can be constructed underground.
Integral flexibility
Integral flexibility concerns several different aspects. In the interviews integral flexibility was seen as
a balance between too much and too little water, and as collaboration between different professional
fields.
Interviewee 13 (2016) gives an example of this kind of integral flexibility. The Polderdak at the
Zuidas in Amsterdam retains rainwater, storing it on the roof during dry periods. Thus the office staff
can benefit from this by, for example, watering their plants. Interviewee 17 (2016) also shows an
example of too much and too little water. He discusses the drainage infiltration system (DIT), which
can infiltrate rainwater into the ground and subtract surface water in dry periods.
Interviewee 19 (2016) says that collaboration between different professional fields is of great
importance and probably the most flexible extant solution. For instance, traffic islands need to be
discussed by traffic professionals as well as by sewage and water professionals. As Interviewee 16
(2016) explains, traffic islands can block the main rainwater flow routes, spreading rainwater equally
across a neighbourhood. The reverse situation can also occur; in some cases traffic islands are located
in such a way that they steer rainwater in the wrong direction.
Inhabitant flexibility
Inhabitant flexibility is about how flexible people are. For instance, when there is water in their street,
what is their reaction to new measures applied by actors involved in sewage system management?
Interviewee 12 (2016) says that flexibility is dependent on the expectations of inhabitants. In line with
this, Interviewee 12 (2016) explains: “You can have situations where a lot of nuisance is tolerated,
because it is clear that the alternative [situation] is even worse.” An example discussed by several
interviewees is the flexibility of people regarding flooded streets. Interviewee 12 (2016) says that
inhabitants need to accept that streets will be flooded sometimes. Perhaps the inhabitants should also
accept that there is water flowing into their basement when they are warned about it. Interviewee 3
(2016) adds on this that flexibility is relevant over the question of whether it is acceptable to have a
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flooded local street or a main road that needs to be used by ambulances, etc. Currently even flooded
local streets are not tolerated by the inhabitants. They immediately call the municipality and complain.
Interviewee 12 (2016) explains that the people using the sewage network should be informed that
there is a finite service of water and of sewage professionals, in order to be better prepared. Flexibility
in this case means that the inhabitants accept flooded streets and sometimes even water in their
basements.
Interviewees stressed that inhabitant flexibility is required. Interviewee 16 (2016) says that the
flexibility of the inhabitants is needed, as it is not possible to raise the sewage tax very much, and that
all measures should be taken to help the inhabitants. Interviewee 3 (2016) says that the inhabitants’
flexibility is easier to manage in ongoing situations than in already established areas. In established
neighbourhoods people are already accustomed to how things are. It is thus more difficult to
implement a Wadi, a green strip, in existing than in developing neighbourhoods. Inhabitant flexibility
can also differ because of financial reasons. Interviewee 12 (2016) said that people are more flexible
towards flooding in their street or garden if they know that they pay less sewage tax, or if they have
chosen to pay less sewage tax, especially in economically poor times.
4.3.1.3 Flexibility types related to the social system of the sewage system

Organizational flexibility, institutional flexibility and management flexibility are core issues related to
the social system of sewage systems. Management flexibility includes time, financial and process
flexibility.
Organization flexibility
Tasan-Kok (2008) argues that organization flexibility consists of creating more relations or
interactions between public and private institutions, as well as between different public institutions.
The increased collaboration between the sewage managers of municipalities and water boards is an
example of organizational flexibility. Interviewee 15 (2016) mentioned that all municipalities and
water boards in the Netherlands are in a cooperative alliance. Furthermore, the increased collaboration
between various professional fields is also an example of organizational flexibility. Interviewee 17
(2016) says that because of more integral work, private institutions are more often involved in
processes related to sewage management.
In literature Golden & Powell (2000) explain that the first initiative in flexibility in organizations
considers operational flexibility, tactical flexibility and strategic flexibility. In line with this,
Interviewee 18 (2016) also mentions that flexibility in the organization can be found in the following
steps: in the execution of plans, in making plans and in considering developments for the long term.
Institutional flexibility
Institutional flexibility has two interpretations. It can mean dealing with one or several organizations.
It can also mean being related to institutions or the law.
Workforce flexibility is an example of institutional flexibility dealing with one or several
organizations. Interviewee 11 (2016) explains the option for enabling an exchange of sewage
managers between governments. The possibility of exchanging managers is desirable when, for
instance, a sewage manager is ill or wants a vacation. Well-ordered maintenance systems are required
for this to be successful.
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Flexibility in the laws relating to sewage systems are an example of institutional flexibility associated
with the law. Interviewee 11 (2016) explains that municipalities are required by law to collect and
transport waste water and that water boards are required to transport and purify it. Elaborating on this,
Interviewee 18 (2016) gives an example of institutional flexibility, mentioning that the water board of
Zuiderzeeland took over the sewage management of the municipality of Zeewolde in the Netherlands
in order to increase efficiency. Interviewee 19 (2016) gives another example of institutional flexibility;
there is a current trend towards community management of rainwater and waste water processing.
However, the question arises as to how this is to be performed properly. Some uniformity in the
system is desirable for the sake of economies of scale and because the sewage system is closely
associated with public health.
Interviewee 3 (2016) says: “Due to the present organizational structure of law and the regulations in
the Netherlands, it is very difficult to deal with themes that are integral”. This means that due to laws
and policies it is difficult to execute certain ideas. Currently it is impossible to use money from sewage
taxes for measures that fight heat stress and at the same time to increase the possibility of coping better
with rainfall extremes. However, as heat stress is not imbedded in sewage management, the sewage
taxes cannot be used for it, and so this is not a flexible option. However, with the new municipality
sewage plan (GRP) it is possible to work more integrally and to initiate some heat stress measures too.
Management flexibility
Flexible management means how a process or organization is managed. Time flexibility, financial
flexibility and process flexibility are included in management flexibility.
Time flexibility and financial flexibility
Flexibility in time means that actions related to the sewage system can be postponed. The postponing
of actions can have several benefits, for instance more knowledge may become available in time and
projects could be executed more integrally. Financial flexibility means flexibility to decide which
actions to take and when to take them with possible financial benefits as a guide. Financial and time
flexibility often occur together.
Interviewee 5 (2016) mentions that “risk driven management” is a trend in the sewage domain related
to time and financial flexibility. It means that in some cases the sewage system could function for a
longer time than normal. Based on financial analysis, it is decided when a sewage systems is to be
replaced. Interviewee 10 (2016) explained that one of the points on which the decision is based is that
of classification numbers that reveal the condition of sewage infrastructure. Interviewee 5 (2016) says
that the kind of road above the sewage infrastructure is also taken into account. Flexibility is found
here in the fact that when a sewage system collapses, the road will also collapse. This could be
affordable for local but not for major roads.
Another example of time and financial flexibility is related to the integral aspect. An example was
given by Interviewee 10 (2016). He explains that integral aspects such as the renovation of the
neighbourhood and the conditions of the road above the sewage pipes are taken into consideration
when a pipe is deteriorating. Repairing measures or relining is a method of renovation by giving the
pipes a new inside without digging into the ground; time can thus be saved, making it possible to
perform work in a street or neighbourhood efficiently and quickly. This causes less hindrance for the
inhabitants and it can also result in lower costs. For this reason integral work is also associated with
financial flexibility.
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Process flexibility
Process flexibility means the possibility of changing between strategies and options during the process
when it is deemed appropriate for the challenges faced.
Reeson et al. (2015) mention that flexibility increases when there are more alternatives available.
Interviewee 9 (2016) says that flexibility means the ability to switch from one strategy to another. And
Interviewee 11 (2016) mentions that it is important to consider how flexible sewage systems need to
be changed from physically centralized to decentralized systems.
An example of process flexibility was given by interviewee 17 (2016). He mentions that in cases of
urgent jobs flexibility is paramount.
To sum up, the examples the interviewees gave show that there are many different flexibility types
that are applied or can be applied to the sewage system. To structure these different types in order to
gain better understanding of them, three groups have been formed. Flexibility measures are associated
with the sewage infrastructure, water quantity measures, and with the social system.

4.3.2 Where are most possibilities for applying flexibility in the sewage system?
The examples outlined in the previous section are quite diverse. However, numerous examples of
flexibility types discussed by the interviewees show some coherence between the sewage
infrastructure under the ground and flexible measures above the ground.
Many interviewees stress that they see more opportunities for applying flexibility above than under the
(e.g. Interviewee 11, 2016). For example, Interviewee 9 (2016) states: “Yes, often measures above
ground are flexible. Because measures underground regularly have a lifetime of sixty years. And you
will only truly adapt your sewage system at the moment of the end of the physical lifetime [of the
infrastructure].” In line with this, Interviewee 9 (2016) also mentions: “Utilize flexibility there where
it exists”. In other words, use and actively search for flexibility options above the ground. Moreover,
flexibility in this context is location dependent, and thus sewage managers should consider local
characteristics before they decide which flexible measures to apply.
The coherence between flexible measures above ground and the sewage infrastructure under the
ground is found particularly in the physical measures above the ground. For instance, Interviewee 16
(2016) states very clearly that there is a coherence between physical measures above ground and the
functioning of the sewage system: “I think that by involving the surface level, the sewage system will
be relieved.” This means that possible physical measures above the surface level can help the sewage
system to cope better with water extremes through enhancing flexibility and by storing water at more
and different locations.
Interviewee 7 (2016) discusses specifically the connection between measures on the surface level and
rainfall extremes. He says: “Rainwater drainage systems are designed for a certain storm, for instance
for a storm with the chance of occurring once in two years. When it is raining more heavily, water will
flow out of the sewage infrastructure towards the surface level. For these reasons you have to design
your surface level in such a way that it will not cause damage when a storm of once in 100 years
occurs.” This shows that flexibility measures above the ground are needed in addition to the sewage
infrastructure under the ground.
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Data from the interviews and from the examples above show that many physical measures above the
ground are associated with spatial planning. Examples of system and steering flexibility, which both
have a strong link with spatial planning, are for instance mentioned in all the interviews. Interviewee
16 (2016) gave an example related to system flexibility. He explains that the design of streets with
kerbstones was initially intended for water storage. Currently however kerbstones are primarily used
to create a safer place for pedestrians to walk. Some interviewees says that it would be a good idea to
include kerbstones and streets in the sewage system again to create additional storage space for water
(e.g. Interviewee 12, 2016; Interviewee 11, 2016).
Interviewees mentioned most examples of flexibility types in the category related to water quantity
that was discussed in paragraph 4.3.1. This might because the flexibility types under water quantity
show a strong link to physical and planning measures above the ground.
To sum up, there are many different types of flexibility that can be applied to sewage systems.
However, interviewees see more possibilities above the ground than under it. Flexibility measures
above the ground are often associated with physical spatial planning measures. Examples of these
various physical flexibility types are mainly categorized under measures related to water quantity.

4.4 Factors that affect the application of flexibility in sewage systems
Applying flexibility to sewage systems is influenced by several factors, such as benefits,
disadvantages, tensions and resistance. These four points will be discussed in this section.

4.4.1

Benefits, disadvantages, tensions and resistance

This section gives an overview of the possible benefits, drawbacks, tensions and resistance that can
arise when flexibility is applied in sewage systems. It also considers how disadvantages, tensions and
resistance can be minimised.
4.4.1.1 Benefits

The benefits of flexibility are more noticeable than the disadvantages. This is because the benefits of
flexibility are the reason why there is an increasing demand for applying flexibility. Consequently, the
benefits of applying flexibility in sewage system will be discussed shortly here.
One of the benefits is that flexibility creates freedom (of management choices, etcetera) in creating
multiple solutions. Interviewee 14 (2016) mentions that an advantage of flexibility is that a wider
range of possible solutions becomes available, unlike a robust system. As in robust systems, a decision
is made to allow for overcapacity, while in a flexible system a phased design can be chosen and
adjusted step by step if desirable.
Another benefit of flexibility is that it opens up possibilities for the system to become more dynamic
(Interviewee 13, 2016). The dynamic properties of the system increase because when more solutions
become available it is easier to adapt to uncertain future changes. This vision corresponds to the
statement made by Interviewee 8 (2016). He says: “You have the possibility…you can always go in
multiple directions.”
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An additional benefit of flexibility in sewage systems is that you have many possibilities for directing
the system. Flexibility allows opportunities to steer the system, ensuring that it works more precisely
due to the fact that flexibility is associated with location specific measures (Interviewee 6, 2016).
These specific measures, together with the operation management, are connected. This is why it can be
more precisely steered than overdesigned ‘static’ systems.
Interviewees also list lower costs as a benefit of flexibility. For example, Interviewee 5 (2016) states:
“The benefit of being flexible and able to work on a local scale, is that it can be cheaper…” Flexible
measures can be cheaper than inflexible measures, when designing for possible future changes, for that
specific place are bear in mind. The moment the predicted changes occur, it becomes less costly to
adapt to them as they were already calculated for in the initial design phase.
4.4.1.2 Disadvantages

The disadvantages of applying flexibility are here outlined.
Costs can next to a benefit also be seen as a disadvantage of flexibility. This is because of costs rising
due to the fact that an investment is being made in something that may not even be used (Interviewee
8, 2016).
Another disadvantage of flexibility is that professionals are required to have more knowledge. For
instance, a higher chance of calamities, such as wrong connections between pipes, can occur due to a
lack of knowledge. A main characteristic of flexibility is that different solutions, in different places,
for different systems are used and therefore specific knowledge is required. Interviewee 17 (2016)
gives an example. He says that with flexibility it is possible to differ, for instance in standards at
specific locations, but knowledge is required to understand which variation in the standards is
appropriate.
The higher complexity in operation and maintenance of sewage systems is also a disadvantage of
flexibility. There is a risk that sewage systems will be maintained incorrectly due to this higher
complexity (Interviewee 2, 2016). Sometimes the inhabitants become responsible for part of the
system when applying flexibility, which could in some instances cause a risk for the whole system
(Interviewee 5, 2016). Another disadvantage for the maintenance is that information on the system
needs to be described and mapped even more precisely when using flexibility (Interviewee 14, 2016).
In line with this, Interviewee 14 (2016) states: “Because how do you record that you have made up
something in a certain way and designed some specific flexibilities in your design?” This drawback of
flexibility was also indicated by Interviewee 7 (2016) in relation to the integral atmosphere of projects.
When traffic islands are located in ways that steer water in the right direction, this reason is not
recorded. As a result traffic islands are often dismantled some years later by professionals oblivious to
this particular purpose. This example shows that flexibility increases complexity.
Vague ownership of additional measures next to sewage infrastructure is another disadvantage of
applying flexibility. Interviewee 13 (2016) explains this by several examples. He explains that one
disadvantage is that parts of a system relevant for a [x type of] project do not always belong to the
executer. This disadvantage arises for instance with projects that are partly or completely executed on
private areas. Because these measures are partly on private areas they cannot be guaranteed to be built
or used. Furthermore, it is not always clear who owns some of the components. For instance, there
exist uncertainty about the ownership of the dam in the project “Polderdak”, located at the Zuidas in
Amsterdam (see page 28 and 29). If the dam breaks, it is unclear who will pay the bill.
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Vague and changing responsibilities are also a disadvantage of applying flexibility. When applying
flexibility to sewage systems, one possibility is a shift towards the more integral execution of projects.
This often means that there will be a shift in responsibility, for example in the different maintenance
tasks. When these changes happen, it is not always clear who becomes responsible for what
(Interviewee 13, 2016; Interviewee 10, 2016). One clear trend seen in the discussions concerning
responsibility is that responsibilities are to a greater extent assigned to the inhabitants of a
municipality.
4.4.1.3 Resistance and tensions

Applying flexibility in sewage systems can also cause resistance and tensions, which will be discussed
here.
Tensions and resistance can arise from financial issues associated with integral projects. Interviewee 3
(2016) explains that sometimes an integral project is not executed when one organization has to pay
more than before, often that organization then turns against the plan, and while eventually the overall
price of the project is lower. So due to resistance because of higher prices for one organization, less
room is allowed for flexible measures.
Tensions and resistance can be initiated by developments that appear new to employees. Interviewee
17 (2016) mentions that some people resist everything that is new, and every change that occurs. Thus
resistance is often due to people shunning new responsibilities. In a few cases, however, resistance
arises because people genuinely cannot deal with new responsibilities due to the different tasks and
knowledge required.
Interviewee 17 (2016) discusses the tensions that may arise between market-based initiatives and nonprofit initiatives. Tensions can arise as market-based organizations, for instance, choose solutions
other than non-profit organizations.
To sum up, benefits are more noticeable than disadvantages by the interviewees as the benefits are the
reason why to implement flexibility. The benefits often confer a greater sense of choice, as the system
is flexible and not fixed. The disadvantages tend to occur in the following domains: costs, knowledge,
maintenance, ownership and responsibilities. Furthermore, tensions and resistance can also arise when
flexibility is applied to sewage systems. These can in general be associated with changing situations.

4.4.2 Decreasing disadvantages, tensions and resistance
This section will discuss how to overcome or decrease the effects of disadvantages, tensions and
resistances.
4.4.2.1 Decreasing the disadvantages of applying flexibility in sewage systems

The disadvantages of flexibility listed by the interviewees can be categorized into the following
domains: costs, knowledge, maintenance, ownership and responsibilities. In this section each domain
will be discussed regarding the possibilities of reducing the disadvantages.
Cost issues can be both positive and negative regarding flexibility. However, several things associated
with higher costs can reduce the possible disadvantages. The cost of flexible sewage systems are
related to which types of uncertainty are anticipated in their design. Interviewee 9 (2016) explains that
it is best to apply flexibility in uncertain situations that will become more certain. For instance, in a
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situation that is highly uncertain there is a higher risk of investing in something that will not be used.
In some situations real option analysis can offer insight into smart investments regarding flexibility.
Furthermore, Interviewee 19 (2016) mentions that aside from the costs it is also important to consider
the benefits. Currently, benefits are not often considered because they are difficult to calculate and as a
result cannot easily be compared to costs. Additionally, the benefits mainly become clear only after
some time, when the system is already implemented. This makes it more difficult to assess the costs
against the benefits. Interviewee 18 (2016) states a different point related to costs: the Dutch are no
longer familiar wherefore they pay sewage taxes and other water related taxes. For this reason it is
important to make clear to the population where their taxes go, and what would happen without
sewage related measures being undertaken. People would then understand better why they need to pay
their taxes and would probably take more personal accountability in doing so.
Applying flexibility in sewage systems demands additional and more specific kinds of knowledge.
However, not every professional either wishes to or is able to gain such knowledge (Interviewee 6,
2016; Interviewee 17, 2016). Therefore Interviewee 17 (2016) mentions that if professionals are
unable to cope with a new idea then they should be delegated special projects requiring less
specialised knowledge. Interviewee 17 (2016) says that some things should not be flexible in a system
because they increase the complexity to the point where professionals can no longer make the right
decisions. For instance, flexibility can be related to the standards of how deep sewage pipes can be
laid in the ground. This increases complexity a great deal because of the infrastructure of the other
pipes in the ground. If all pipes are to be flexible in their standards then matters of depths for laying
them become extremely complex.
Several points can be considered in reducing the disadvantages of maintenance. Many interviewees
said that it is very important that each detail of the system is written down, and that it is not just in the
minds of the sewage managers how the system works. If flexibility is applied, resulting in greater
complexity, it will demand even more precise documentation (Interviewee 14, 2016). Interviewee 19
(2016) made a further point, namely that of keeping the sewage system in good maintenance.
Sometimes this is not done, and the result is that in many municipalities separated sewage systems
have become double combined systems. In this way, changing from a combined to a separated system
will only cost money rather than earning money. Interviewee 19 (2016) also confirms this, especially
if pilot projects are not well maintained. The pilots in these cases have not been fully executed and
they do not bring the anticipated knowledge. Interviewee 7 (2016) mentions a specific idea to
communicate better about the maintenance of objects, as traffic islands, between different professional
fields. The idea is that traffic islands should be located for retention purposes instead of for traffic
purposes. They will have a special tile depicting a raindrop to alert traffic professionals of their
purpose.
Difficulties concerning ownership need to be taken into account when applying flexibility. However,
several factors can be considered when attempting to reduce disadvantages due to ownership.
Interviewee 13 (2016) says that the conflict of ownership of objects on private areas can be reduced if
there are many objects, as for instance little ‘dams’, on many roofs. When there are many little ‘dams’
they can become interchangeable. With more objects there are more opportunities for exchange, and
flexibility is gained.
Unknown and not well defined responsibilities of organizations, companies, institutes and
professionals should be avoided. Interviewee 18 (2016) mentions that unknown and not well defined
responsibilities can be dealt with by making the responsibilities clear for all those who contribute to a
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project. If responsibilities are made clear from the start then this will help to handle problems quickly
and efficiently. Furthermore, there are important questions for professionals in the water and sewage
domains related to their responsibilities, which ought to be reflected upon. One of these is the question
of what responsibilities the inhabitants want (Interviewee 18, 2016). Interviewee 18 (2016) discuss
this issue, saying that society is becoming more individualistic and in response people demand more
responsibility, yet they also wish be unburden by just paying bills. Hence, to find the best balance of
responsibilities for the inhabitants is a question for the future. Another question that needs to be
considered is what the responsibility of sewage managers is when a problem is solved but relocated to
a new place (Interviewee 18, 2016). Moreover, how could it be determined how far responsibilities for
water and sewage professionals should extend? How is and should be dealt with cases wherefrom it is
known, thanks to advancements in computing and software technologies, that it will be flooded in
certain circumstances (Interviewee 12, 2016)? Coping with water extremes is not only a task of the
government. Governments need to examine, with the inhabitants and organizations for example for the
water storage solutions in existing building areas (Interviewee 3, 2016).
4.4.2.2 Decreasing tensions and resistance that may arise when applying flexibility in sewage systems

At the core it is really important to try to decrease resistance and tensions when implementing
something as novel as flexibility in a system. Otherwise it could become cancelled before even being
implemented. The interviewees had several ideas that may help to cope with resistance and tensions.
The most important guidance gained from the interviewees was that communication is the key to
reducing the negative effects in general. Interviewee 16 (2016) explains that communication is of
prime importance. He says: “I think you will always find a way, if the right questions are asked in the
right way, it is about the motivation and how you steer people to look to the problem.” Because of
good communication, differences in outcomes can be huge and hence this is worth bearing in mind.
Interviewee 5 (2016) underlines this communication priority as he offered the following idea: “When
you are working in a project and if time passes and it seems that another idea suits the project better, it
is your task to talk as soon as possible with the project leader about this.”
Interviewee 3 (2016) states that to overcome resistance and tensions in projects due to money, it
might be an idea to integrate the funds from different professional fields. The taxpayers finally
pays the bill, so they will benefit if the project overall costs are less but the same quality is retained.
If professionals are unable to cope with the new knowledge required, then tensions and resistance can
arise. To reduce this the professionals could be delegated special projects that require less rather than
additional or specialised knowledge (Interviewee 17, 2016).
Interviewee 17 (2016) explains that there are specific examples related to communication on how to
cope with tensions arising due to differences between market-based and non-profit projects. With the
trend of working integrally, which is stimulated by flexibility, projects can be outsourced. Interviewee
17 (2016) expresses that when this happens it could help to frame beforehand the requirements of the
project in order to cope better with these issues.
To sum up, applying flexibility to sewage systems has benefits as well as disadvantages. For instance,
changing responsibilities, the necessity for better communication and the need for specialized
knowledge, as well as maintenance of the systems and the surrounding areas. Furthermore, tensions
and resistance can arise when flexibility is applied. Several factors, such as good communication, can
be instrumental in reducing these disadvantages.
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4.5 Trends in the sewage domain
There are many internal trends in the sewage domain. There are also some external trends that affect
the sewage domain. The relation between these trends when applying or enhancing flexibility will be
discussed in this section. First, internal trends will be discussed, followed by a discussion on external
trends.

4.5.1 Internal trends in the sewage system domain
Several internal trends are taking place in the sewage domain: The separation of rainwater from waste
water offers opportunities for recovering resources, as well as for decentralization; more collaboration
in the water domain is also required, as well as collaboration between the sewage domain and other
professional fields; and ‘risk driven management’ is also relevant.
4.5.1.1 Separating of rain and waste water and as result opportunities for recovering of resources and
decentralization

Many interviewees addressed the trend of separating rain from waste water (e.g. Interviewee 11,
2016). All interviewees were in favour as it has several benefits: relatively clean rain water will stay
clean and rarely needs treatment; the change of overflows, including that of waste water, decreases;
waste water can also be treated more efficiently; sewage pipes do not have to be made increasingly
larger, and there are more possibilities for working integrally to cope with droughts, thus creating
integral flexibility.
Separating rain from waste water can be performed in different ways; by changing from a combined
sewage system to a separated system, or by detaching rainfall from the combined sewage system.
Some locations do not have a choice and need a separate sewage system, due to the type of ground at
that location which cannot infiltrate water. Other locations however, with a different ground type, can
choose between separating rainfall from the sewage infrastructure and switching to a separate system.
Separating rain from and waste water creates system flexibility, as it enables the rainwater to be easily
distributed over the surface level if required.
Interviewee 19 (2016) explains that in the sewage domain there is no consensus about what should be
preferred; rainfall separated from the sewage infrastructure or switching to a combined system. There
is simply not enough understood concerning the consequences. Interviewee 5 (2016) says that separate
sewage systems sometimes turn into double combined systems, which makes the change to a separated
system quite useless. Interviewee 12 (2016) mentions that separating rainfall from the system is not
the best solution for an improved sewage system, as this produces a big flow of little polluted water.
And you cannot do anything with the big flow of little polluted water.
Recovering resources and energy is also an ongoing concern in the sewage domain made possible by
separating rain from waste water (Interviewee 11, 2016; Interviewee 3, 2016). Interviewee 3 (2016)
explains that a really concentrated and more constant stream of waste water is optimal for processing
and recovering resources such as phosphate from waste water at a purification plant. The concentrated
stream is also optimal for recovering energy from resources in the waste water. As result, concentrated
waste water streams offer innovative flexibility because resources are thereby recovered. Financial
flexibility can also be attained in this way.
Decentralized sanitation is also an ongoing trend. Interviewee 11 (2016) express curiosity over
whether this would become a major trend. At one time there were special faecal barrels, he said.
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However, Interviewee 19 (2016) says that we must not go back to the 19th century, but forwards. A
decentralized sanitation systems needs to be safe and attractive for people to use.
The trend for separating rain from waste water is a long-term one, claims Interviewee 11 (2016). He
explains that at a new system the separating of the two streams is standard. But for those already
operating the separation of rainfall from waste water is most likely to take place at the natural time of
replacing the system, which can be associated with time flexibility. Therefore new buildings are more
flexible about what type of system can be chosen.
By separating rainfall from waste water, many different types of flexibility can be applied. For
instance, integral, system, innovative, financial and time flexibility, all of which are discussed above.
4.5.1.2 More collaboration in the water sector and also more integral collaboration between the sewage
domain and other professional fields

Collaboration between municipalities and water boards concerning the sewage system is a trend.
Interviewee 15 (2016) mentions that the government of the Netherlands forced the municipalities and
water boards to cooperate. Thus all municipalities and water boards are in an alliance in order to
consider what can be done. One possibility is to collect measurements and investigate whether they
can do something collectively. For this reason alliances enhance the available knowledge and make
pilot schemes possible, resulting in more innovative flexibility.
Interviewee 11 (2016) states that better collaboration between professionals in the water domain could
enhance flexibility regarding the possibilities for exchanging sewage managers of different
municipalities. This could be of use when professionals are on vacation or on sick leave. The
possibility to exchange sewage managers between municipalities enhances institutional flexibility.
From the interviews some examples of special collaboration related to the sewage system arose.
Waternet is a unique cooperation between two institutions: the executive organization from the
municipality of Amsterdam and the water board Amstel, Gooi and Vecht. Waternet executes all tasks
for the whole water domain (Interviewee 13, 2016). Interviewee 18 (2016) explains that the water
board of Zuiderzeeland took over sewage management of the municipality of Zeewolde. This was
done because they thought that it would be more efficient and ‘effective’ to have all the management
concerning rain and waste water under one executive organization. These changes in the relations
between institutions can also be associated with institutional flexibility.
‘Effectiveness’ is a concept in the sewage domain introduced by Karla Peijs; it is about better
collaboration and the reduction of costs (Interviewee 11, 2016). Interviewee 11 (2016) mentions that
municipalities and water boards really need to work together and not against each other, as the
taxpayer has to pay the bill. Interviewee 3 (2016) says that collaboration is a good idea, leading to
more ‘effectiveness’, and resulting in a saving of 350 million Euro for the Netherlands. Thus this can
be linked to financial flexibility. Furthermore, the increased collaboration can be associated to integral
flexibility.
Another internal change in the sewage domain offering options for more collaboration is that the
municipality sewage plan (GRP) will soon no longer be compulsory, according to Interviewee 8
(2016). He says that it would be beneficial to have a sort of GRP that adjust sewage systems together
with, for instance, environmental measures and road management in mind. Because, for these integral
collaboration factors there is no room in the current GRP. For this reason it benefits the sewage
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domain that the GRP is no longer compulsory. However, some plan for the GRP is still required.
Though the ‘new GRP’ enables municipalities to work more integrally and thereby more effectively,
which shows a link towards integral flexibility.
‘Effectiveness’ then is not only attained by collaboration in the water and sewage domain, but also
with collaboration between the sewage domain and other disciplines, and by a reduction of their bills
(Interviewee 11, 2016). This goes hand in hand with the trend of more integral collaboration
(Interviewee 8, 2016). Interviewee 11 (2016) states that one reason to work more integrally is, for
instance, water extremes. Working integrally is required in order to decrease the nuisance for
inhabitants in a neighbourhood over the years, which would be less likely to happen if an organization
worked by itself to serve their own interests.
One result of extra collaboration is that sometimes tasks are outsourced. Interviewee 5 (2016)
considers, however, that outsourcing will not really become a trend. The risk of outsourcing is that
minimal knowledge is always required to be able to steer projects in the right direction. Interviewee 12
(2016) wants more than collaboration; he wants small municipalities to merge their sewage
management systems. Merging sewage management systems is important in creating one specialized
professional body with more knowledge than the current sewage managers of small municipalities.
Furthermore, Interviewee 5 (2016) says that another drawback of outsourcing is that it will make it
more difficult to work integrally with, for instance, the department of spatial planning at the
municipality. However, solutions could be found for this. Interviewee 13 (2016), an employee of
Waternet, explains that to close the gap between the spatial planning of the municipality of
Amsterdam and Waternet, the Rainproof program is initiated.
Thus collaboration in the sewage domain enhances opportunities for applying financial, innovative,
institutional and integral flexibility.
4.5.1.3 Risk driven management

A trend that interviewees also mentioned is ‘risk driven management’. Interviewee 5 (2016) explains
that this relates to the expansion of the lifetime of sewage systems. In line with this, Interviewee 8
(2016) mentions that the trend for ‘risk driven management’ is associated with replacing sewage
systems only when this is really needed. Previous sewage management schemes had fixed lifetimes for
sewage systems. Those built on a sandy soil had, for instance, a lifetime time of 60 years, mentions
Interviewee 6 (2016). However it seems that sometimes it is possible for them to function for more
than 60 years, or even for 90 or 100 years. Extension of the lifetime of sewage systems can be mainly
linked to time flexibility.
Interviewee 5 (2016) says that ‘risk driven management’ is specifically about differentiation in the
maintenance of the sewage system. This shows that there is a link with “nuisance-hassles-damage”.
For example, on main roads less risks are taken than on residential streets. This is because by taking a
risk some money can be saved. For instance, risk-taking could cost perhaps 10,000 Euro in road
repairs, buy will also save about a million Euro per year. This example can be linked to financial
flexibility. Calamities are indeed undesirable with ‘risk driven management’. In line with this,
Interviewee 14 (2016) mentions that in asset management it is the rule to replace something the day
before it fails or is broken.
Interviewee 14 (2016) says that at Waternet the trend for ‘risk driven management’ continues in the
inspection and cleaning of sewage systems. Inspection and cleaning are performed periodically, for
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instance once every five years. However, differentiation in the inspection and cleaning of sewage
infrastructure is currently ongoing. Thus it is expected that inspection of newly constructed sewage
systems after only five years is not needed. Furthermore Interviewee 7 (2016) mentions that in the
municipality of Bergen, in the Netherlands, a test was carried out with the cleaning of the sewage
system. The result was remarkable; the municipality said that cleaning the sewage system is not
required at all.
Interviewee 6 (2016) states that with ‘risk driven management’ sewage systems can remain in the
ground for longer. However, it is not generally believed that the infrastructure above ground will also
have a lifetime of 100 years. Sometimes neighbourhoods can be totally renovated in 100 years, and it
is possible that sewage systems need to be laid differently under the ground. This is an example of
integral flexibility.
To sum up, there exist several trends in the sewage domain and they all seem to have links with
flexibility types. The internal trend of ‘risk driven management’ causes a lengthening of the lifetime of
sewage systems and is associated with “nuisance-hassles-damage”. For this reason ‘risk driven
management’ has a strong link with time, financial and integral flexibility. The internal trend of
separating rain from waste water show strong links with integral, system, innovative, financial and
time flexibility. And additional collaboration in the sewage domain and with professionals from other
fields, show strong links with financial, innovative, institutional and integral flexibility.

4.5.2 External trends that affect the sewage system domain
External trends that affect the sewage domain include climate change, the development of IT and the
use of big data.
4.5.2.1 Climate change

Many interviewees mentioned climate change and how it will affect the functioning and design of
sewage systems (e.g. Interviewee 13, 2016). Interviewee 7 (2016) gives the example of the
municipality of Bergen in the Netherlands, which twice faced heavy clouds in one month, an event
statistically likely only once in 100 years. This extreme rainfall flooded the centre of Bergen. The first
instance is explainable, but the second is more difficult to explain. In this case some inhabitant’
flexibility is desirable. Interviewee 7 (2016) recognizes that last year’s heavy rainfall resulted in
flooded streets and often flooded houses. He says it is remarkable that when something like this
happens, the municipality and the inhabitants take action. Before the flooding the issue of climate
change was a little vague and not of the highest priority for the municipalities. In line with this
Interviewee 9 (2016) mentions that many municipalities discuss the possible effects of climate change.
However, it is to be questioned what they are actually doing. There are huge differences between
municipalities in how they react to and prepare for climate change.
Furthermore, Interviewee 9 (2016) says that it is difficult to set a norm for extreme rainfall, as it is not
possible to know quite what to expect and plan for. If it is decided to cope with statistically unlikely
rainfall then the costs of and the responsibility for such a project would be very high. And it will be
quite a responsibility that you have to deal with. For this reason it is not desirable to set a norm. It
would be a huge challenge to try with limited resources to confine the effects of extreme rainfall. For
instance with “no regrets” and “quick win” measures.
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In general, responding to flooding or considering climate change forecasts, including more and heavier
rainfall, results in using more space above the ground (Interviewee 6, 2016). Sewage infrastructure
pipes and drains had been made ever larger but this is no longer desirable (Interviewee 17, 2016). An
important reason for separating the water streams is that climate change causes serious droughts and
many interviewees saw possibilities of coping better by measures that combine solutions for too much
and too less water with each other (Interviewee 2, 2016; Interviewee 11, 2016). The relation between
the water extremes shows a strong link to integral flexibility.
Due to how sewage managers cope with climate change, such as spatial planning, integral flexibility
and standard flexibility are closely associated with sewage design. This has an effect on the local
population, and thus inhabitant flexibility is required.
4.5.2.2 Development of IT applying and use of big data

From the interviewees it became clear that applying IT and the use of big data is developing, and is
expected to continue (Interviewee 13, 2016). Much progress has been made in developing many IT
programs for the sewage domain, such as 3Di, Iview, H20 and Infoworks.
Interviewee 8 (2016) mentions that a benefit of these new IT programmes is that they can calculate
what happens both under and above the ground in cases of extreme rainfall. Hence it is possible to
pinpoint vulnerable places in public and private spaces. Thus the following question was asked by
Interviewee 12 (2016): what are we going to do with this information?
Another IT development in the sewage domain is real time control (RTC). Interviewee 10 (2016)
explains that the principle of RTC is about regulating the system. For example, if it is raining heavily
in one part of the city, or even over the whole city, and part of the city is more vulnerable to rainfall, it
would be possible to close down some parts of the system. Thus part of the system would have more
capacity to process the rain and waste water through the sewage infrastructure. Closing down and
reactivating can be performed automatically with pre calculated ranges. Interviewee 13 (2016) said
that RTC is associated with making optimal use of the sewage system, which in his view is always
beneficial. However, this would not stand extreme rainfall. Therefore RTC used on a larger scale, and
with measures taken above the ground, would be a better solution. The Polderdak project is an
example of RTC on a larger scale, and has already been discussed.
Developments in the IT sector enhance flexibility in sewage systems in several ways. To start with, all
future plans and reports in the neighbourhood can be recorded at one central point (Interviewee 16,
2016). This enhances the integral aspect, as well as time and financial flexibility, as there will be more
collaboration. Additionally, with the new programs it would be possible to control the sewage
infrastructure with a computer, for instance with RTC. It would even be possible to login from home
to steer the system (Interviewee 15, 2016).
Interviewee 11 (2016) explains that new developments in the IT sector gave more flexibility to sewage
systems, although this is not always beneficial. For example, if the sewage manager’s login code were
to be hacked, the whole sewage system could be brought to a standstill. In the event of extreme rainfall
the hacker could cause immense damage, such as flooding. It is therefore crucial to consider the
security aspects of IT at great length.
To sum up, internal trends in the sewage domain and the external trends affecting it show strong links
with different types of flexibility. The internal trend of separating rain from waste water enhances
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mainly integral, system, innovative, financial and time flexibility. Moreover, the internal trend of
increasing collaboration shows a relation with financial, innovative, institutional and integral
flexibility. In addition, the internal trend of ‘risk driven management’ mainly relates to time, financial
and integral flexibility. The external trend of climate change enhances mainly integral, standard, and
inhabitant flexibility. Furthermore, the external trend of IT and big data enhances integral, time and
financial flexibility. Internal and external trends alike have considerable influence on the application
of various types of flexibility.
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5.

Discussion

This study has addressed flexibility in sewage systems, as its main objective is to investigate which
concepts of flexibility are applicable for sewage systems. The research question was: what sort of
flexibility is recognized and seen as applicable in sewage systems? In this discussion the findings from
the results chapter and the literature from the theoretical framework, as well as other relevant
literature, are discussed, to enable to answer the question.
This section addresses the following topics: the flexibility concept; flexibility or robustness?; the
balance between flexibility and robustness; flexibility types; the most beneficial flexibility types; the
relation between flexibility types; the applicability of flexibility in sewage systems and trends in the
sewage domain. The discussion ends with a separate section that reflects the limitations of this study.
The flexibility concept
The application of flexibility is still rather novel in the sewage domain, which means that there is still
some confusion amongst sewage managers, policy-makers and researchers. Due to this novelty and
diversity, sewage managers, researchers and policy-makers seek for useful applications of flexibility in
their specific contexts. As mentioned in the literature review, flexibility in theory is also described as
an ambiguous and multi-dimensional concept for which multiple applications exist. There are diverse
definitions and descriptions of flexibility in different fields, in the literature, also within one specific
field, which corroborates the findings of the Dutch sewage domain. Thus, clear operationalization of
flexibility is still needed, according to both researchers and practitioners. This thesis started with the
operationalization of the flexibility concept for the sewage domain by structurally organizing the
flexibility types that are applicable to sewage systems. Furthermore, the flexibility types are discussed
in the context of sewage systems with examples.
Remarkably, it is found that it differs how ambiguous and diffuse each flexibility type is. Design
flexibility is for example less diffuse, although it can be explained in several ways. One reason might
be the fact that design flexibility has already been further operationalized in literature, with several
sub-design flexibility types (de Neufville & Scholtes, 2011; Spiller et al., 2015). Another reason why
design flexibility is less ambiguous might be that it is more concrete, due to its physical applicability,
than other flexibility types, as for instance institutional flexibility.
Another finding is that there is diversity about when flexibility can be implemented. Two major issues
were found which structure when flexibility can be applied to sewage systems. The first issue is that
flexibility can best be applied during moments of change in the lifecycle, although as sewage
infrastructures have long lifetimes it might be possible that an earlier demand is made. Involved costs
may influence when flexibility is applied in the lifecycle of sewage systems. Furthermore, the second
issue is that flexibility is essentially an useful concept for allowing room for uncertain situations.
However, among sewage managers, policy-makers and researchers, and also in the literature, there is
some confusion about whether flexibility is essentially an useful concept for uncertain situations, as it
is often said that flexibility can be applied to certain situations as well (Avison et al., 1995, in Golden
& Powell, 2000; Spiller et al., 2015). A reason for the confusion about whether flexibility can be best
applied to certain or uncertain situations may also be linked to the involved costs. It might be that a
certain level of uncertainty, for example situations that are currently partly uncertain but that will
become more definite, are best suited for applying flexibility.
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Another important finding is that there is also diversity where flexibility may be implemented, as this
can be done in different parts of the sewage system. It was found that more opportunities exist for
applying flexibility above than under the ground. This finding may be explained by the fact that more
opportunities for applying flexibility are seen in the social side rather than in the technical part of the
system. Moreover, it may be that these opportunities for above and under the ground differ in specific
cases. The part of the sewage system above and under the ground consists of many elements as well.
As a result it is quite likely that it also differs according to the situation which parts above or under the
ground are favoured. An explanation for the differences in situation about where to apply flexibility in
sewage systems may also partly be explained by the involved costs. Thus it seems that costs play an
important role in decisions over if, when and where flexibility will be applied.
Flexibility or robustness?
It was found that flexibility and robustness are closely related concepts, but strongly differ from each
other. This is also discussed in the theoretical framework (Golden & Powell, 2000).
In the relation between robustness and flexibility, an interesting finding is that sewage managers
favour robustness over flexibility, while policy-makers seem enthusiastic for applying flexibility in the
sewage system, in addition to robustness, which is already used. This finding is confirmed by
literature, since it is stressed that robust design is the traditional approach for engineers in the water
domain (de Neufville & Scholtes, 2011).
There are several possible reasons why sewage managers favour robustness over flexibility. One
explanation may be that sewage managers, policy-makers and researchers often link robust systems
with relatively effortless maintenance. Another possible explanation is that flexible systems are
primarily associated with decentralized systems, while robustness is mainly associated with
centralized systems. A third reason may be that robustness is primarily linked to the sewage system
under the ground, while flexibility is more associated with the parts of the system that lay above
ground. The third reason might be explained by, or might be the result of the fact that sewage
managers are primarily concerned with underground sewage infrastructures, while policy-makers are
as well concerned with the part of the sewage system above the ground. Furthermore, because
flexibility in sewage systems is quite novel, it could be that sewage managers do not know how to
apply flexibility, or do not see the benefits of it as long as the sewage system works properly. Besides,
the involved costs for projects with flexibility are more uncertain than the costs involved in robust
projects, which may also be a cause that sewage managers favour robustness over flexibility.
The balance between flexibility and robustness
It was found that both flexibility and robustness are required in sewage systems. Sewage managers,
policy-makers and researchers all see something beneficial in adding flexibility to the system, though
in different intensities as discussed above. The finding that both flexibility and robustness are
desirable in sewage systems is confirmed by the literature review in the theoretical framework (Spiller
et al. 2015). Furthermore, it was found that the combination of flexibility and robustness in sewage
systems is beneficial, as both concepts strengthen each other, which is also consistent with the
literature review in the theoretical framework (Avison et al., 1995, in Golden & Powell, 2000).
The question arises as to how to balance flexibility and robustness. It is conceivable that the desirable
balance varies with each case. It could be that the shift from mainly robust systems to robust and
flexible systems occurs, when the system no longer functions properly. This may be understood by the
fact of flexibility being often applied to problems. Moreover, flexibility measures are usually
45

considered in municipalities, but are often not implemented until disasters strike, because by then the
damage has occurred. Literature confirms that there is much talked about climate change and diverse
measures that may fall under the flexibility concept, but less action is taken yet (WaterForum, 2015).
Flexibility types
It was found that four flexibility types - standard flexibility, steering flexibility, inhabitants flexibility
and integral flexibility - emerged during the interviews, but were not mentioned in the theoretical
framework. This difference may be explained by the fact that the list of possible flexibility types for
sewage systems is based on articles from other professional domains than that of sewage systems,
whereas the interviews conducted were with professionals related to the sewage domain. Furthermore,
this difference may also be explained by the absence of any general list of possible flexibility types.
Different categorizations exist for separating sewage systems in different parts, and thereby different
ways in structuring applicable flexibility types exist in this thesis. One categorization for sewage
systems is between above and under the ground. However, it can be assumed that this distinction is not
favoured, as for example sewage infrastructure is established mainly under the ground and partly
above the ground, for instance the sewage water treatment plant. The question arises over how
flexibility types related to infrastructure should be categorized in this case. Moreover, in the
theoretical framework DiFrancesco & Tullos (2014) make a distinction between the human and
physical domains of sewage systems, however as can be seen in figure 3.1 on page 11, some flexibility
types belong strongly to both. So in order to categorize the diverse applicable flexibility types in a
meaningful and understandable way in the results chapter, a domain analysis was used to categorize
them into three groups; those related to the infrastructure domain, those related to the water quantity
domain, and those related to the social domain. These three groups and the applicable flexibility types
discussed below them provide new insights and knowledge regarding flexibility in sewage systems.
Figure 4.1 on page 25 shows what such a categorization looks like.
The most beneficial flexibility types
Sewage managers, policy-makers and researches mentioned many possibilities of flexibility measures
that are discussed under the water quantity group. This may be understood as these measures mainly
relate to the flexibility measures above ground; which is where the interviewees also indicated the
most possibilities. However, flexibility types related to the social domain also belong mainly to
measures above the ground, however they are recognized less concrete than those categorized under
the water quantity group, since this group is stronger related to physical measures. Hence, it may be
easier to discuss flexibility measures related to water quantity than those of the social domain of
systems. Furthermore flexibility types of the water quantity group may be of great value and may offer
the most opportunities for the sewage system to deal with the increasing water extremes and
uncertainty in climate change, due to the strong connection of these flexibility types with spatial
planning measures and water quantity.
System flexibility, which is categorized under the water quantity group, seems to be of great value
when applying flexibility to sewage systems. System flexibility in specific for sewage systems can be
explained in two ways. First, as flexibility in the system, as for instance real time control (RTC), and
second as stretching the system to enlarge its boundaries, for instance by spatial planning measures
above ground. The classic RTC system mainly prevents sewage overflows and does not help much
when extreme rainfall take place. For that reason, it may be assumed that flexibility in systems is most
beneficial in the sort that enlarges the system by stretching it, to unburden the sewage infrastructure
pipes that are designed to last for many decades.
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The relation between flexibility types
It was found that there exist relations between flexibility types: various flexibility types often occur
together in one situation, and some types seem to be sub-types of others.
The finding that flexibility types often occur together in projects may be explained by the fact that
different types have strong relations with each other. Thus if one type is to be flexible, for instance the
design, then other types also need to be somewhat flexible to enable design flexibility to be fully
applied. Several flexibility types may thus need to be applied or are automatically applied when
applying one type in the sewage system. Surprisingly, literature also shows that some flexibility types
occur together, for instance, time flexibility and design flexibility (de Neufville & Scholtes, 2011).
The finding that some flexibility types can be seen as sub-categories of others may be explained by the
fact that they are very dependent on each other. A finding is that steering flexibility may be recognized
as a sub-system flexibility type. This is because it can be assumed that steering flexibility is dependent
on system flexibility. It is conceivable that if water is steered in a certain direction there need to be
place in the system to guide it to a certain direction and to store it. Another finding is that time and
financial flexibility are sub-types of management flexibility, for instance regarding “risk driven
management”. Literature confirms this last finding (Dreyer & Grønhaug, 2004).
Applicability of flexibility in sewage systems
A finding is that there is an increasing need for specialized knowledge about sewage systems when
applying flexibility. This may be explained by the fact that applying flexibility creates increasingly
complex systems, as flexibility is found to be more closely related to decentralized physical sewage
systems and to specific cases. Because of this need for increasingly specialized knowledge, which not
everyone is able to work with, it might be an idea in certain specific situations to adapt the knowledge
of employees and the degree of flexibility to each other, and thus to reduce the potential mistakes and
calamities. If flexibility is applied to sewage systems when professionals do not know how to deal
with it, this will affect the sewage system negatively rather than positively.
A further finding is that it is not possible to claim an advantage in costs when applying flexibility
compared to, for instance, robust systems. This is because the costs depend on whether the built-in
potential for flexibility is finally used or not. Literature corroborates this finding (de Neufville &
Scholtes, 2011). It was also found that the benefits of flexibility are difficult to assess in financial
terms and are often not taken into account next to the costs. Taking into account benefits next to the
costs, may result in an increase of opportunities for applying flexibility in sewage systems.
Another finding is the existence of vague ownership when flexibility is applied. This may be explained
by the fact that flexible measures, compared to robust measures, relate more to specific cases and these
measures may be executed on private land areas too. Moreover, it may be that vague ownership can
prevent institutions, organizations or private initiatives from contributing to plans. To partly overcome
this aspect, it is suggested to have more objects of something, so that they become interchangeable.
Vague and changing responsibilities are also found to affect the applicability of flexibility in sewage
systems. A reason for vague and changing responsibilities could be that responsibilities are more often
assigned to inhabitants, which is indeed supported by Homan (2016). Another reason for vague and
changing responsibilities could be that since it is assumed that flexibility increases the integral level of
projects, it is not clear who has responsibility for solving the associated problems. It is recommended
to make the responsibilities of persons clear from the start of a project.
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Another finding is an increase in complexity of maintenance and operation of sewage system. For that
reason, it is even more important than before, to write the information about the sewage systems
down. This will be a more difficult task if flexibility is applied to the system.
Trends in the sewage domain
A finding is that current trends can be linked to flexibility types, and to the enhancement or increase of
flexibility in sewage system management. This reflects the increasing demand for flexibility.
It was also found that trends, and thereby the enhancement of flexibility, may also be risky. An
example of this is the IT sector, which enables sewage managers to login with a code from multiple
locations, such as for instance from home, in order to control the sewage system using a program.
However, this could be dangerous if the code were to be hacked into.

5.1 Limitations of the study
In this paragraph the limitations are outlined, in relation to reliability and validity, to increase the
understanding of how the study is executed and thereby improve the value of it.
The first limitation is about the number of interviews, 19 interviews were conducted. Information from
these interviews revealed similar points. However, due to the explorative nature of this study some
answers were quite numerous amongst the interviewees. Because of the available time for the study it
was not possible to conduct additional interviews, even though doing so could have resulted in slightly
different findings and consequently different conclusions.
The second limitation that surfaced in this study was the researcher and interviewer bias. The choice of
the research topic lead to inevitable bias during the interviews by having either certain knowledge or a
particular opinion. To circumvent this, open and neutral questions were asked to limit biases from
personal opinions during interviewing. Furthermore, labelling of the flexibility gathered from the
interviews, also requires interpreting the results and thus may also have led to some biases.
The third limitation is about the domain analysis. The domain analysis is executed based on the
flexibility types created for this study, with knowledge about flexibility gathered from the theoretical
framework together with the examples gained from the interviewees. By trying out different names
and categorizations of the flexibility types, the final categorization of the flexibility types was
established. Each flexibility type showed a strong relation with one of the three groups. However, it
might be possible that this is also the case for a different classification. This brings up the following
point, namely that there is a lack of an assessment tool for the categorization for the applicable
flexibility types made in this study.
The fourth limitation relates to the fact that due to time and accessibility constraints, not all
professional fields have been taken into account when searching in literature for possible flexibility
types for sewage systems. This may have influenced the differences that were found between
flexibility types for sewage systems, discussed in the theoretical framework and in the results chapter.
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6.

Conclusions

The main research question for this study was: what sort of flexibility is recognized and seen as
applicable in sewage systems? In this chapter, the research question will be answered and three
conclusions are drawn. This chapter ends with a separate paragraph in which recommendations for
further research and for actors involved at sewage system management are considered.
The first conclusion is that flexibility is a novel concept in the sewage domain and that it is an
ambiguous and multi-interpretable concept, as many different descriptions and definitions exist.
Diverse flexibility types are found to be applicable to sewage systems. In this study, the applicable
flexibility types have systematically been categorized under three groups, by executing a domain
analysis. This categorization provides an overview of applicable flexibility types for sewage systems,
discusses examples of the flexibility types in the sewage context and thereby gives sewage managers
insight in how flexibility can be thought of in sewage systems.
The second conclusion is that flexibility was recognized beneficial by actors involved at sewage
system management. Diverse intensities of flexibility in sewage systems were recognized valuable by
actor groups involved at sewage system management and some flexibility types were recognized more
beneficial than others. Flexibility types that are categorized under the water quantity group, and thus
strongly relates to water quantity and spatial planning measures, were seen as highly beneficial for the
sewage systems in the light of increasing water extremes and the uncertainty caused by climate
change. System flexibility, in the sense of stretching the boundaries of the system, is for this reason
greatly advantageous for sewage systems.
The third conclusion is that negative aspects can arise when applying flexibility to sewage systems.
The costs of applying flexibility are negative when the built-in flexibility is not used at the end, in
relation to this, it was found that partly uncertain situations that become more certain in the near future
are beneficial for applying flexibility. For that reason costs have a decisive impact on if, when and
where flexibility may be applicable to sewage systems. Other negative aspects that can arise when
applying flexibility are: the demand for increasing specialized knowledge, vague ownership, vague
and changing responsibilities and an increase in complexity of maintenance and operation of the
system. However, these negative aspects can be limited or even coped with, if the following boundary
conditions are taken into account. Considering the involved costs, a change of attitude towards the
(non-)financially based benefits that may arise when applying flexibility is of importance. And for the
other negative aspects are the following boundary conditions of importance, consecutively: people
with specialized knowledge, to work with many identical objects at the same time in a project, to
clarify the responsibilities of persons in projects and information about the sewage system need to be
written down precisely. Furthermore, proper communication is of importance for all points listed
above and for the possible tensions and resistance that may arise when applying flexibility.
Considering the points above, this study contributes to clearly identifying the applicable flexibility
types for sewage systems and the existing boundary conditions that comes with it. Sewage managers
and the broader spectrum of water infrastructure planning and management actors, can as a result
better cope with the quantity and the peculiarities of the diverse flexibility types, to manage
uncertainty in their planning and systems.
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6.1 Recommendations
Various recommendations for further research and for the actors involved in sewage system
management are listed below.
Recommendations for further research
Several main recommendations for further research came about during this study. First, the concept of
flexibility needs to be further operationalized for the sewage domain, as well as the potentially suitable
flexibility types. This thesis started with the operationalization of flexibility for sewage systems by
systematically structuring flexibility types under three groups. Also the possible flexibility types were
discussed and examples related to the sewage system are given. Extra attention for further
operationalization should be paid to the flexibility types mentioned under the water quantity group in
the results chapter, such as system flexibility, because they are recognized the most beneficial for the
sewage system. Second, further research in the direction of (non-)financially based benefits that may
arise when applying flexibility to sewage systems could be of interest. Thirdly, an interesting point for
further research is how the vague responsibilities and ownership as effect of applying flexibility to the
sewage system can be dealt with. So a research in the direction of how to deal with the demand for a
new way of working is recommend here. Specific questions that need to be researched further for this
point are: what is the best balance of responsibilities between inhabitants and government
organisations? And what is the responsibility of sewage managers when a problem is locally solved
but relocated to a new place?
Recommendations for actors involved at sewage system management
Two main recommendations can be offered to the actors involved in sewage system management.
First, it is important to consider for each project, situation and sewage system separately, which
flexibility types would be beneficial to apply. From the results in this thesis it became clear that
flexibility types indicated under the water quantity group are recognized most beneficial. System
flexibility, in the sense of stretching the boundaries of the sewage system, is recognized highly
favourable for sewage systems with regard to the uncertainty around and the increase of water
extremes. Moreover, some flexibility types are already further operationalized. Hence it may be a good
idea to start implementing the more operationalized flexibility types deemed desirable for the system,
such as design flexibility. Second, it is important to consider the possible negative consequences that
may arise when applying flexibility and the corresponding boundary conditions. As costs seem to have
a decisive impact on if, when and where flexibility will be applied, it is of high importance to change
the current attitude of actors involved in sewage system management and include the (non-)financially
based benefits that may arise when applying flexibility. In general, proper communication before and
during the project about the changes and tasks is of importance to limit possible negative factors that
arise when applying flexibility.
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Appendices
Appendix 1: Interview question
Inleidend
1. Wat doet u dagelijks voor uw functie? / Wat houdt uw functie in?
A: Rioolsysteem + verantwoordelijkheden
1. Wat zijn volgens u belangrijke ontwikkelingen in de rioolwereld?
2. Hoe beheren jullie het rioolsysteem? Of hoe ziet u dat het riool beheert wordt?
3. Welke verantwoordelijkheden brengen (advies, beheer & onderzoek) ten aanzien van het
rioleringssysteem met zich mee?

B: Hoe kijken professionals in de water en rioolwereld tegen flexibiliteit aan?
1. Wat verstaat u onder flexibiliteit?
2. Hoe ziet u flexibiliteit in relatie met bijvoorbeeld robuustheid, veerkrachtigheid & adaptief?
3. In welke omstandigheden/condities/scenario’s zou u flexibiliteit toepassen? Wat ziet u als het nut
ervan voor het rioolsysteem?
4. Wat vindt u nadelen en voordelen van flexibiliteit (in het rioolsysteem)?

C: Aan welke typen flexibiliteit wordt er gedacht door professionals?
1. Kunt u voorbeelden noemen van flexibiliteit in het huidige (beheer en ontwerp van het)
rioolsysteem?
2. Welke lessen, valkuilen, mogelijkheden en gevaren kunnen er uit dit/deze flexibiliteit voorbeelden
gehaald worden?
3. Over welke typen flexibiliteit gaat het bij de net genoemde voorbeelden?
4. Welke typen flexibiliteit kunt u verder onderscheiden die toepasbaar kunnen zijn voor een
rioolsysteem?

D: Hoe flexibiliteit in het rioolsysteem toepassen en wat kan het teweeg brengen?
1. Waar in uw organisatie/rioolsysteem zou u (meer) flexibiliteit willen toepassen?
2. Welke verantwoordelijkheden vraagt flexibiliteit in het rioolsysteem van u/uw organisatie/ van
andere medewerkers van uw organisatie?
3. Zou implementatie van flexibiliteit weerstand op kunnen leveren? (Ja, wat voor?)/ Wat voor
spanningen zou het toepassen van flexibiliteit in uw/een organisatie teweeg kunnen brengen?
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Appendix 2: List of interviewees
Datum

Naam
(overheids)instelling /
bedrijf

Geïnterviewde

Functie geïnterviewde

16-11-2015

RIONED

1

Senior project manager

06-01-2016

Gemeente Wageningen

2

Projectleider water &
riolering

07-01-2016

RoyalhaskoningDHV

3

Senior project manager
integraal water beheer

07-01-2016

Gemeente West Maas en
Waal

4

Projectleider riolering

08-01-2016

Gemeente Deventer

5

Senior adviseur water en
riolering

08-01-2016

Gemeente Raalte

6

Projectleider civiele
techniek

11-01-2016

Tauw (Amsterdam)

7

Adviseur water en energie

11-01-2016

Witteveen+Bos
(Amsterdam)

8

Adviseur stedelijk water en
riolering

12-01-2016

IHE-unesco (& gemeente
Dordrecht)

9

Lecturer Urban Flood
Resilience
Advisor Urban storm water
+ flood risk at municipality
Dordrecht

13-01-2016

Gemeente Gouda

10

Projectleider projecten
openbare ruimte

13-01-2016

Waterschap Aa en Maas

11

Gebiedsadviseur

15-01-2016

Universiteit Wageningen
& Watercycle research
institute (KWR)

12

Principal researcher KWR
& Associate professor
Urban Environmental
Technology and
Management at
Wageningen University
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29-01-2016

Waternet

13

Policy advisor &
programma manager
klimaat adaptatie

29-01-2016

Waternet

14

Asset manager riool

01-02-2016

Gemeente Arnhem

15

Afdeling Productbeheer,
Cluster Openbare Ruimte

03-02-2016

Gemeente Amsterdam

16

Ontwerper (hemelwater)

16-02-2016

Waternet

17

Objectbeheerder

07-03-2016

Waterschap Zuiderzeeland

18

Afdelingsmanager strategie
en ontwikkeling

23-03-2016

Stowa

19

Onderzoekscoördinator
waterketen stedelijk gebied
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