The future of Waste Water Treatment: a Delphi-based approach

1. Introduction'

The Organization for Cooperation and Development (OECD) attested European countries such as
Germany, Austria, Denmark, Finland, Netherlands, Sweden and Switzerland a very high rate of
coverage by advanced sanitation services and especially by tertiary treatment. [OECD, 2009]* The
reliability of this infrastructure is of crucial importance for our society, as the OECD [2007] underlines:
“The long-term future performance of OECD economies, and of the global economy, will depend to an
important extent on the availability of adequate infrastructures to sustain growth and social
development.” This high level is financed in OECD and BRIC (Brazil, Russia, India and China)
countries by current expenditures on water and wastewater services summing up to 405 billion
US-Dollars ($bn) each year. Germany spends 17.932 $bn each year, corresponding to 0.75 % of its gross
domestic product (GDP). [OECD, 2009] The recent report of the OECD expanded this work to the
strategic transport infrastructure need and stressed the growing pressure to “balance long-term needs and
the economic advantages of investing in infrastructure against short-term pressures and the costs and
consequences of not investing.” [OECD, 2013]

At the global level the water and sanitation sector is confronted by manifold challenges as identified by
the World Water Development Report of the United Nations World Water Assessment Programme
(UNWWAP) [2009] and the United Nations world water development report 4 [UN-Water and
UNESCO, 2012]. Among the most important challenges are population dynamics such as growing or
shrinking populations, changing age distributions, urbanization and mitigation, economic challenges
such as globalization, food and energy scarcity, as well as social challenges and technological changes.
The fourth Global Environmental Outlook of the United Nations Environment Programme (UNEP)
[2007] describes the challenges with respect to water as follows: “The quantity and quality of surface-
and groundwater resources, and life-supporting ecosystem services are being jeopardized by the impacts
of population growth, rural to urban migration, and rising wealth and resource consumption, as well as
by climate change.“ [UNEP, 2007] The Bonn Declaration on Global Water Security [GWSP, 2013] even
states “In the short span of one or two generations, the majority of the 9 billion people on Earth will be
living under the handicap of severe pressure on fresh water, an absolutely essential natural resource for
which there is no substitute.” [GWSP, 2013]

1 This article was mostly inspired by three papers, Dominguez et al. [2006; 2009] and von der Gracht
and Darkow [2010].

2 Most of the developing countries, especially in Sub-Sahara Africa, are not on track to meet the
Millennium Development Goal to halve by 2015, the proportion of people without sustainable access to
basic sanitation. Whereas rapid progress can be observed in domestic water supply in almost all regions
of the world, sanitation still lags. That’s why the UN General Assembly declared 2008 the International
Year of Sanitation. [WHO and UNICEF, 2008]



In order to adapt to these dynamics, but also to maintain and replace the existing infrastructure,
significant investments will be required. In the decade 2020-2030 the yearly expenditures in the OECD
and BRIC countries for infrastructure networks expenses for the water and sanitation sector are expected
to be the highest in the world among road, rail, telecoms and electricity. [OECD, 2009] In all OECD and
BRIC countries it is predicted that the yearly expenses will increase from 405 $bn to 6,212 $bn by 2015
and to 9,003 $bn in 2025. In Germany the expenditures are expected to increase from 17.932 $bn to
23.38 $bn in 2015 and 35.84 $bn in 2025. For the specific expectations of the expenses per GDP share
see Figure 1 [OECD, 2009]
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Figure 1. Share of current expenditures of gross domestic product (GDP) in OECD and BRIC countries for road, rail, telecoms, electricity,
and water and sanitation infrastructures

The major challenge “capital intensity” of the current status of the sanitation sector involves a high
degree of fixed costs and low rates of return. [OECD, 2009] In combination with the long useful life
especially of the sewer system of more than 80 years and in some cases of even more than 100 years
[Baur and Herz, 2002; Kaempfer and Berndt, 1999; Lemer, 1996] the sanitation sector is especially
vulnerable to path dependency [Pierson, 2000] and sunk costs [Kirkpatrick et al., 2006; Rees, 1998] as
discussed by Hiessel and Toussant [1999], Huitema and Meijerink [2007] as well as by Ingram and
Fraser [2006].

In view of the long term impacts that go along with infrastructure investments, strategic planning
approaches that can deal with such determining, long range decisions and the involved uncertainty
caused by changing environmental conditions seem to be indispensable. But as Dominguez and Guyer
[2009] underline, decision-makers in the sanitation sector are not aware of the long-term dynamics of
the system and mostly rely on forecasts and the assumption that the future can be predicted based on



extrapolations of past trends. This “capability gap” [Dominguez et al., 2009] to deal with long range
challenges has also been identified by the OECD [2007], which recommends the strengthening of
strategic planning capacities by supporting long range planning approaches to infrastructure planning.
The OECD Environmental Outlook 2050 stresses the importance of planning in water management, too
[OECD, 2012].

In Germany the planning deficit has become obvious in the context of demographic changes. Whereas in
most regions of the world demographic change implicates a growth of the population [ UNDESA, 2007],
in Germany the population is shrinking and ageing. [Federal Statistical Office of Germany, 2010] In
East Germany, demographic change was reinforced by structural and economic changes initiated by the
reunification process. Additionally, important parts of the East German sanitation system needed to be
modernized to the high standards of the Federal Republic. At the time the newly installed infrastructure
was designed for growing populations and “blooming landscapes”, a term used by the former chancellor
Helmut Kohl. But the contrary turned out to be true in most of the East German regions, leading to
oversized wastewater systems and, as a consequence, rising wastewater fees due to the high degree of
fixed costs. [Hillenbrand et al., 2010; Hummel and Lux, 2007; Nowack et al., 2010; Schlor et al., 2009]

Scenario planning is one of the most promising long range planning approaches that support
decision-makers to bridge this gap and overcome the difficulties of traditional planning instruments.
[Miller and Waller, 2003; Phelps et al., 2001; Schnaars, 1987, 2001; Schoemaker, 1991, 1993, 1995;
Schwartz, 1998; Slaughter, 2002a; Slaughter, 2002b] Originally developed for military purposes such as
possible causes for a nuclear war by the RAND Corporation in the United States during the Cold War it
was later adopted by the civil sector. [Bradfield et al., 2005; Wack, 1985; Cornelius et al., 2005; Royal
Dutch Shell, 2005; Shell International, 2010] Since then, scenarios have been used by multiple planners,
researchers and practitioners and adopted to their specific needs, which has resulted in a
“methodological chaos.” [Martelli, 2001] Several authors place emphasis on systematizing and
structuring the existing body of methodological scenario literature and applications. [Bishop et al., 2007,
Bradfield et al., 2005; Borjeson et al., 2006; Chermack et al., 2001; Godet, 2000; Lempert et al., 2009;
Malaska et al., 1984; Mietzner and Reger, 2005; Nowack et al., 2011; van Notten et al., 2003; Varum
and Melo, 2010]
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In this article we consider a scenario as “““storylines” or narratives that describe conceivable future
developments of the world water situation” and adopt thereby the definition of Alcamo et al. [2000].
Very often the term scenario is used as a synonym for a set of specific values of different assumptions,
especially in more natural scientific oriented studies. Often these studies are much closer to predictions
than to strategic planning scenarios in the sense of Wack [1985]. Scenario planning is consequently the
entire decision-making process that develops and analyzes scenarios and derives the necessary
consequences for today’s decision. [Bishop et al., 2007, Chermack et al., 2001] We follow Bishop’s
approach that consists of two phases which are characteristic for a complete scenario planning study: in
the first phase a set of possible futures states of the future is developed. In the second phase the
scenarios are analyzed and the consequences for today’s decisions are drawn. The development phase is
cut into three sub-steps: scenario framing, scanning, and forecasting, and another three steps in the
transfer phase: visioning, implementing and controlling. In this article we focus on the development

phase.



Beside the study design, another differentiating factor is the scenario goal. Bdrjeson et al. [2006]
differentiate between predictive and explorative scenarios. Predictive scenarios answer the question:
What will happen? They focus on specific drivers and their impacts on the analyzed system. Further
characteristics are a short time horizon, foreseeable challenges and a more quantitative study design. In
contrast, explorative scenarios provide an answer to the question: What can happen? Thus the focus lies
on strategic issues [van der Heijden et al., 2002], the identification of the drivers or challenges and a
long time horizon. They tend to apply a more qualitative oriented study design. In the water research
context, scenarios are often used in a predictive way. [ Chenoweth and Wehrmeyer, 2006; Mahmoud et
al., 2011; Soboll et al., 2011; Straatsma et al., 2009] In Europe, the water framework directive and its
call for more participation pushes studies that analyze the possibilities of scenario planning as a tool for
stakeholder participation. [Caille et al., 2007; Hatzilacou et al., 2007; Jessel and Jacobs, 2005; Kok et
al., 2011; Valkering et al., 2010] (For an overview on scenario planning in the water and sanitation
sector see Table 1 and Table 2).

A prominent use of scenarios is the use in global environmental outlooks. Besides the water related
work of the /PCC [2008], water plays an important role, among others, in the Environmental Outlook of
the OECD [2012], in the Global Environmental Outlook of the United Nations Environmental
Programme (UNEP) [2012] as well as in the Millennium Ecosystem Assessment coordinated as well by
the UNEP [2005].

Water plays the key role in the Global International Waters Assessment [ UNEP, 2006] as well as in the
scenario study of the World Business Council on Sustainable Development [ WBCSD, 2006] “Business
in the World of Water - Water Scenarios to 2025”. Further global scenario studies with a focus on water
can be found in the following Table 1.

Table 1. Global Water Scenario Studies

Reference Title Description
World Water Council, 2000] World Water Vision analysis of the state of the global water resources

International Food Policy  World water and food to 2025 water as a determining resource for food safety

Research Institute, 2002]

[UNEP, 2006] Global International Waters  systematic assessment of the environmental conditions
Assessment (GIWA) and problems in transboundary waters

T[WBCSD, 2006] Business in the World of Water - water  analysis and awareness raising of potential water risks for

Scenarios to 2025 companies

[International Water Management — Water for Food, Water for Life efficient water management in agriculture for a safe food

Institute, 2007] . supply =

[UNESCO, 2012] Global Environmental Outlook 5 — Water-efficiency and sanitation are vital for global health
Chapter 4

Very few studies have a comparable local focus and the same explorative scenario goal as the study
presented in this article. One of the closest studies is the study of Hiessel et al. [2002]. They evaluate
three different future urban water systems for Germany in which they integrate different technological,
organizational and institutional innovations. They also describe three possible states of the infrastructure
system, mostly varying the degree of separation of the various water and wastewater streams. But they
do not assess which possible drivers or challenges might lead to this outcome. Nevertheless, the three
system scenarios describe possible technological developments of the infrastructure system and one of
their scenarios will be reflected in one of our scenarios. The scholars of the Eidgendssische Technische
Hochschule Ziirich [Lienert et al., 2006; Stormer et al., 2009] as well as Dominguez et al. [2009]



develop explorative scenarios for Switzerland. Nevertheless, so far no explorative scenario study exists
for the German sanitation sector, which focuses on the identification of possible future challenges. Even
though global and national trends from other scenario studies are partially applicable to Germany, the
particularity of the German sanitation sector as described in Kraemer and Hansen [2004] requires the
development of customized scenarios.

Therefore the two research questions we want to answer are:

1. What are possible future challenges that the sanitation sector in Germany has to face in the
future?

2. What are possible future scenarios for the year 20507

Besides the case-specific research interest, we develop and test a new Delphi-based scenario
methodology based on a compilation of prior studies [Nowack et al., 2011]. Moreover, we emphasize
the possibilities of the Delphi technique within scenario development to identify weak signals [Rossel,
2009] as an important prerequisite to identify and prepare for discontinuities or shocks [Saritas and
Smith, 2011; van Notten et al., 2005]

The scenarios are developed primarily for decision-makers at the executive and management levels, but
can be used as well on regional and national levels by politicians and governments for developing long
range strategies to facilitate the incorporation of possible future challenges. Consequently, we decided
for an explorative scenario study. The purpose of this scenario study is therefore to enhance
organizational adaptation and learning by recognizing and interpreting external signals of a changing
environment. [Berkhout et al., 2006; Chermack and Van Der Merwe, 2003; Galer and van der Heijden,
2001; Phelps et al., 2001] Therefore we included a wide arrange of sanitation professionals,
administrative authorities, as well as academic experts into the Delphi studies and organized workshops
to which we invited relevant stakeholders. The target time horizon is the year 2050, but this is rather a
symbolic value as we intended to develop scenarios for a time period that allows not only incremental
adjustments but also structural changes. [Kindler, 1979; Miller and Friesen, 1982; Wright et al., 2008]

The remainder of this paper is organized as follows: after having deducted the research question, the
research background and research methodology will be described. Subsequently, the findings with
respect to the Delphi survey, the Fuzzy Cognitive Map analysis, the business-as-usual scenario and the
final explorative scenarios are presented. Finally, we discuss the results and the methodology and
conclude by giving recommendations on how decision-makers might use the results for future foresight
studies.



Table 2. Overview of explorative scenario studies in the water and sanitation sector?

Study Title Purpose Region Time
frame
|Straton et al., 2010) Exploring and Evaluating Scenarios for a River identification of future challenges and  Australia 20 years
Catchment in Northern Australia Using Scenario  stakeholders interests
Development, Multi-criteria Analysis and a
Deliberative Process as a Tool for Water Planning
[0'Connor et al., 2005] The Avon River Basin in 2050: Scenario planning in  strategic regional planning Australia 2050
the Western Australian Wheatbelt
|Christoph et al., 2008 IMPETUS: Implementing HELP in the upper analysis of the impacts of different Benin and 2050
QOuémé basin economic, demographic, and climate  Morocco
developments on water resources
|Kok et al., 2011] Combining  participative  backcasting  and identification of important trends, Europe 2050
exploratory scenario development: Experiences development of stakeholder-based
from the SCENES project scenarios, used as input for
hydrological modeling
[Jessel and Jacobs, 2005] | 454 yse scenario development and stakeholder ~development of land use scenarios Germany 2015
involvement as tools for watershed management based on stakeholder interviews, used
within the Havel River Basin as input for hydrological modeling
|Hiessl et al., 2002] Design and sustainability assessment of scenarios of  analysis of different technological, Germany 2050
urban water infrastructure systems organizational  and institutional
innovations in three prepared scenarios
|Hatzilacou et al., 2007] Scenario workshops: A useful method for discussion of prepared scenarios, Greece 2020
participatory water resources planning? identification of preferred future,
derivation of action needs
|Valkering et al., 2010] Scenario analysis of perspective change to support  stakeholder participation Netherlands “toward
climate adaptation: lessons from a pilot study on the
Dutch river management future”
|De Jong et al., 1989] Scenario planning for water resources: a Saudi modeling based on business-as-usual  Saudi Arabia 2000
Arabian case study and most probable policy scenarios
|Caille et al., 2007) Participatory scenario development for integrated identification and analysis of external  Spain 2030
assessment of nutrient flows in a Catalan river drivers that impinge on nutrient
catchment emissions
|Lienert et al., 2006] Future Scenarios for a Sustainable Sector: A Case expert-based scenario development for ~ Switzerland 20-30
Study from Switzerland the Swiss (waste)water sector years
|Stirmer et al., 2009] The exploratory analysis of trade-offs in strategic  strategic planning in the sanitation Switzerland 25 years
planning: Lessons from Regional Infrastructure sector on management level
Foresight
|Means et al., 2005b] and  Scenario planning: A tool to manage future water strategic planning for water utilities USA 2025

[Means et al., 2005a|

utility uncertainty

3 The overview is result of a literature search using the scopus database. The search resulted in 75 hits
from which pure modelling and predictive scenario studies were excluded. The scopus search string
was: (TITLE-ABS-KEY (wastewater AND "scenario planning") OR TITLE-ABS-KEY (sanitation AND
"scenario  planning") OR  TITLE-ABS-KEY(sewer @ AND  '"scenario  planning") OR
TITLE-ABS-KEY(wastewater AND "scenario development") OR TITLE-ABS-KEY (sanitation AND
"scenario development") OR TITLE-ABS-KEY(sewer AND '"scenario development") OR
TITLE-ABS-KEY(wwtp AND "scenario development") OR TITLE-ABS-KEY(wwtp AND "scenario
planning") OR TITLE-ABS-KEY(water AND "scenario development") OR TITLE-ABS-KEY (water
AND "scenario planning")).



2. Method

To gather the necessary input from a broad array of experts for the scenarios we chose the
Delphi technique and integrated sanitation professionals, researchers and specialists from the

authorities.
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Figure 2. Research Design

2.1 Delphi technique

The Delphi technique itself is defined as “a method for structuring a group communication
process so that the process is effective in allowing a group of individuals as a whole, to deal
with a complex problem.” [Linstone and Turoff, 1975] The key elements of the method
[Landeta, 2006; Linstone and Turoff, 1975; Rowe and Wright, 1999; Nowack et al., 2011] are
anonymity to avoid a “Bandwagon effect” [Leibenstein, 1950], iteration to compile the
viewpoints [Hill and Fowles, 1975; Linstone, 1975; Turoff, 1975; Tapio, 2002; Kuusi and
Meye,r 2002; Rikkonen and Tapio, 2009], controlled feedback in terms of quotes, summaries,
median and mean statistics and participating experts via procedures such as Real Time Delphi
[Steinert, 2009; Gordon and Pease, 2006] which allows immediate feedback and almost
infinite iteration. If the Delphi technique is integrated in a scenario study, it can support the
scenarist mainly by three functions [Nowack et al., 2011]: idea generation making use of
experts for the scanning phase, consolidation by evaluating or ranking the drivers during
forecasting, and judgment for deriving consequences in the visioning phase. For this case
study we integrated the Delphi technique in the scanning as well as in the forecasting step.

2.1.1 First Delphi Round: Expert Interviews

The main purpose in the beginning was to identify possible future challenges and rely on the
experts to generate ideas on how the future may unfold. The Delphi process started with 21



semi-structured expert interviews. We invited the authors of pertinent publications,
cooperating industry partners (mostly operators of wastewater utilities), important
stakeholders as representatives of the administrative bodies on state level as well as of the
Federal Government and from non-governmental organizations. Nearly half of the interviews
were conducted face-to-face, whereas the other half was conducted as telephone interviews.
During the semi-structured interviews we used an interview guideline that was developed
based upon the PESTEL framework and the stakeholder model [Fassin, 2009; Freeman,
2010] in combination with Porter’s Five Forces [ Porter, 1985, 2008]. We asked the experts in
open-ended questions to designate possible future political, economic, societal, technological
and ecological challenges that might affect the sanitation sector in the year 2050 in Germany.
The experts were also asked to nominate possible demands on and of the employees, the
owner, the public or the creditors that might play a role in the future and to assess how the
five forces that shape competition (suppliers, clients, substitutes, new market entrants, and the
competition within the sector) might evolve in the future. We also encouraged the experts to
think about possible weak signals. The interviews took in average 49.9 minutes; some of them
even took more than one and a half hours. The 21 interviews resulted in 17 hours and 28
minutes of recorded interviews. These records were transcribed into 254 pages of text, or
112,706 words. The interview and transcription phases were supported by a team of young
scientists. After a training period they conducted a few interviews on their own and were
responsible for the entire transcription. The transcription was then used for a summarizing
content analysis supported by the content-analysis software MAXQDA. Applicable text
passages were marked and assigned to the categories of the interview guideline. The
following quote illustrated how the inputs from the interviews were processed:

“We have the unsolved problem of prions. These proteins cause the mad cow disease,
and scrapie as well as the Creutzfeldt-Jakob disease. They are accumulating in the
sewage sludge. This is not problematic if the sludge is burned, but it is problematic if
the sludge is used for agricultural purposes. [...] This is a highly problematic topic
and you should discuss if you want to include it in your study because it might start a
heated debate”

This statement was coded as “accumulation of new so far unknown substances” (POLI) as
one possible challenge in the scenario study. In the following runs, redundancies were
removed and some of the categories were combined. We concluded that the stakeholder
categories were mostly covered by the PESTE categories and therefore this set of categories
was removed. In the end we could identify 46 possible future challenges that we assigned to
10 major categories. See also Error: Reference source not found.

2.1.2 Feedback Round: Online Discussion

The results of the first Delphi round were fed into an online discussion board. Two external
experts were asked to review the board and to comment on the results in order to start the
conversation. Each participating expert was assigned an anonymous access to the board and
was invited to review and comment on the results. The anonymity of the answers as well as of
the experts was maintained during the whole Delphi procedure. A short online video
explained the basic functions of the discussion board to facilitate the use. The experts were



also asked to co-nominate [Loveridge, 1999; Nedeva et al., 1996] further experts. In total, 11
of the 28 experts that had access to the anonymous discussion board visited the board. In
general, no new challenges were added, but the probability of occurrence of some items was
discussed.

2.1.3 Second Delphi round: Online Expert Survey

The reviewed results of the first Delphi round were then fed into an online survey. In this step,
we used the consolidation function of the Delphi technique in order to identify the most
relevant future challenges. We invited all experts that had participated so far, as well as some
additional sanitation professionals. We asked the experts to answer ten questions with 46
items. The experts were asked to evaluate the relevance of the future challenges in the year
2050 on a Likert-type scale from 1 (very low relevance) to 5 (very high relevance). For a high
response rate the questionnaire was kept as simple as possible and integrated a lottery as an
incentive to participate. The survey took about ten minutes time to be completed. 27 from 39
invited experts responded to the questionnaire. The feedback to this second Delphi, the
statistical group response, and the top ranked challenges were presented at the beginning of
the expert workshop in the next Delphi round.

2.1.4 Third Delphi Round: FCM Expert Workshop

Based on the top 15 future challenges, identified in the second Delphi round, a Fuzzy
Cognitive Map was developed and consequently analyzed based on graph theory [Kosko,
1986; Papageorgiou et al., 2003], specifically social network analysis [Grienitz et al., 2010,
Ozesmi and Ozesmi, 2004]. Fuzzy Cognitive Maps (FCM) are causal cognitive maps that
capture the mental models, they were used for the first time in context with scenario planning
by Jetter and Schweinfort [2011], Kok [2011] and van Vliet [2010].

We invited all experts to a workshop of which 19 experts participated, among them were eight
operators, one representative of the federal state ministry on environment, and three external
scientists and the moderating team. Anonymity was assured until the workshop in order to
allow the experts also to mention non-mainstream topics. Only during the workshop the
participants were introduced to each other, the statements that were given in the preceding
steps are still not attributable to any expert. After an introduction to the topic and an
explanation of the methodology, we asked the participants of the expert workshop to illustrate
how the top 15 future challenges are affecting the sustainability of the sanitation sector. In
order to facilitate the discussion we started with three target variables in the FCM, economic
sustainability (cost-covering wastewater fees), ecological-technical sustainability (good status
of the receiving water bodies) and social sustainability (social acceptance and satisfaction
with the service). [European Parliament and European Council, 2000; German Advisory
Council on Global Change, 1997] In order to facilitate the communication the group was split
into two sub-groups. In a first step the two groups drew the Fuzzy Cognitive Map without
conducting the weighting of the relationships. Then the two moderators compared the two
Fuzzy Cognitive Maps and observed a very high degree of concordance. Very few arrows
varied, which was a result of different interpretations of some terms. The moderator team



could quickly combine the two maps into one map. Finally, in a last step the entire workshop
group evaluated the strengths of the relationships.

2.2 Scenario building

The results of the second Delphi round, the online survey, are summarized in a
Business-as-Usual scenario. The challenges identified in the first Delphi round and evaluated
in the second round are analyzed using Fuzzy Cognitive Maps. This work builds upon the
precedent of the methodological work of Jetter and Schweinfort [2011], Kok [2009], and van
Vliet [2010]. Fuzzy Cognitive Maps capture the mental models of experts by drawing loop
and weighted arrows [Jetter and Schweinfort, 2011]. The Fuzzy Cognitive Map can be
transformed to a square adjacency matrix. We used the coding steps + = 0.25, ++ = 0.5 and ++
+ = 0.75 for positive relationships between the variables and vice versa for negative
relationships. There are three types of variables: transmitter, receiver, and ordinary variables.
The distinguishing features between these are the indegree and the outdegree. The outdegree
(od) is defined as the sum of the absolute values of a row of a variable. The outdegree stands
for the active influencing impact of a variable, whereas the indegree (id) is a measure on how
much it is driven by other variables. Transmitter variables have a positive outdegree and zero
indegree. Receiver variables are characterized by a zero outdegree and a positive indegree.
Ordinary variables have a positive in- and outdegree. [Ozesmi and Ozesmi, 2004] The overall
influence of a variable in a matrix can be measured by calculating its centrality. The centrality
(ci) is the sum of the outdegree and indegree of a variable.This can be an important indication
for a key driver of the analyzed system. [Grienitz and Schmidt, 2010] Finally the system can
be simulated: As described in Ozesmi and Ozesmi [2004], an initial state vector is multiplied
by the adjacency matrix. This auto-associative neural network method is used to calculate the
steady state and repeated until the new state vector is stable. [Reimann, 1998] In the
following, additional policy simulations can be run and compared with the steady state
outcome.

We use Fuzzy Cognitive Maps primarily to illustrate the complexity and the dynamics of the
sanitation system. Often the Cross-Impact Analysis is chosen for the same purpose. [ Bariuls
and Turoff, 2011; Gordon and Pease, 2006; Phelps et al., 2001; Tversky and Kahneman,
1974] But the high degree of complexity makes this technique less attractive for a
participatory scenario study and handicaps starting a learning process. As illustrated in the
precedent combinations of Fuzzy Cognitive Maps and scenarios, Fuzzy Cognitive Maps are
especially well suited for a participatory approach. The Fuzzy Cognitive Maps developed in
the expert workshop are basis for further analysis based on the graph theory [Kosko, 1986;
Papageorgiou et al., 2003]. We used the software FCMappers, which implements the
methodology proposed in Ozesmi and Ozesmi [2004].

In order to overcome traditional mind models and to stimulate creative thinking about
alternative futures we completed the Business-as-Usual scenario based on the Fuzzy
Cognitive Map with three visionary explorative scenarios. They are not based on the average
group response but on the most visionary ideas of some of the experts in the interviews. The
three explorative scenarios highlight different aspects of a possible future sanitation sector.
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Whereas the “Watershed-First” scenario focuses on an alternative regulatory regime, the
“Recycling-First” scenario illustrates a different technological development, as does the
“Mega-City” scenario.

3. Results

3.1 First and Second Delphi Round

This chapter will provide an answer to research question 1 “What are possible future
challenges that the sanitation sector in Germany has to face in the future?”. Error: Reference
source not found summarizes the results of the first and second Delphi round. The future
challenges together with the corresponding categories represent the summarized results of the
first Delphi round. Each variable (Var) is assigned to a category and a superordinated
PESTEL category. The mean and the standard deviation (SD) in Error: Reference source not
found are the results of the second Delphi round. The top 15 challenges with the highest
relevance are marked by an asterisk and also illustrated in figure SError: Reference source not
found in the Appendix. In average the experts evaluated “sewer remediation needs” (1.) as the
most relevant challenge, followed by “drug residues” (2.) and “short public budgets™ (3.).
Furthermore, the results show that among the top 15 challenges the consensus in terms of a
relatively low standard deviation is high. The standard deviation among the top 15 challenges
varies between 0.64 and 1.01, whereas it varies between 0.82 and 1.23 among the remaining
variables. The consensus is especially high for “4th treatment stage” (15.) and the first ranked
“sewer remediation needs”. A very high degree of consensus between the experts exists also
about the relevance of “drug residues” (2.), “phosphorus recycling” (9.) the “precautionary
principle” (6.) and “heavy rainfalls” (4.). The opinion of the experts varies the most
concerning the importance of “nanoparticles” (30.) and “reduction of subsidies” (17.).
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Table 3. Results of the first and second Delphi round

Category Var Name Description Mean SD
= | STA1 Precautionary principle Avoidance of new pollutants at the source. i.e. approval of medicine only if ~ 4.04*  0.73
£ the medicine is degradable in water
S E STA2 Watershed-regulation Enlargement of the area of responsibility to watershed level 317 105
o STA3 Regulation of agriculture Regulation of agricultural pollutions. i.e. excessive discharge of nutrients 3.88* 088
E STA4 Receiving water-dependent  Purnfication standards vary depending on the status of the receiving waters ~ 3.50  0.98
standards
STAS Classical standards Increase of classical purmcation standards 3.84* 085
e  wox _SECL Public relations Enhancing of the public relation in an open and activating way 3.20 1.15
E § g SEC2 Formal privatization Continuation of the trend towards formal organizational privatization. i.e. 296  0.82
§ 28 private partners are called in up to a co-ownership of 49 per cent
i § g SEC3 Cooperation intensity lnqler-city. inter-communal and inter-sectoral cooperation of the wastewater ~ 3.56 0.96
2o utility
0 SEC4 Indirect competition Competition takes only place between Specilic SUDSEIVICES e.g. Sewer  3.25 115
cleaning
SECH Direct competition Central sanitation services are in direct competition with decentral 330  0.97
i solutions. starting at large properties £
. FINL Allowing of provisions Legal allowing of provisions (saving funds) for future investment needs e.g.  3.33 1.09
g remediation of the sewer system ik
E FIN2 Coordinated charging Charging in cooperation with water utilities for an optimal water demand ~ 3.13 0.97
management
FIN2 Fix cost-depending ~ Charging of a basic rate in the amount of the fix costs 3627 142
charging
FINg Pollution-depending Charging of wastewater rates that are depending on the degree of the 3.22 1.09
charging pollution and installation of a corresponding measuring system
FINS Short public budgets Short financial resources of public budgets limit the local government's  4.12*  1.01
room for maneuver
“FING Reduction of subsidies Considerable reduction of subsidies as important source of investments 371 1.23
FIN7 Revision of rates Revision of wastewater rates by an independent third party 300 098
“FINg Sustainability checks Introduction of sustainability or demography checks for iInvestments e.g.as _ 3.33 _ 0.82
part of appropriations
= DEML Population decrease Decrease of the population due to demographic and structural changes 404 080
é 5 & DEM2 Rise in average age Rise in the average age of the population due to declining birth rates and ~ 3.28 1.10
a5 rising life expectancy
DEM3 Skills shortage Due to demographic change qualified employees are increasingly difficult  3.20 1.04
to find
5T WAD1 gecre]asing water demand Decreasing domestic water demand 385 002
] om.
= § WAD2 Decreasing water demand  Decreasing industrial water demand 385 092

(ind.)
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= £ TCS1 Storage capacities Real time contromng and management of the storage capacities ofthe  3.63  0.92
g 2 sewer system for a better management of heavy rainfalls
-E é;: TCS2 Trenchless restructuring Use of trenchless restructing methods for the remediation of the sewer 3.40 0.91
5 | g system
= (j%, TCS3 Stormwater infiltration Decentral collection. storage and infiltration of stormwater 4.00* 085
TCS4 Sewer remediation needs Remediation needs of sewer system 446* 071
TCSH Separate sewers Continuation of the separation of the drain and sewer system 4,08 093
TCS6 Infrastructure tunnels Installation of combined infrastructure tunnels (walkable) for better 2.63 0.92
maintenance possibilities. possibility to pull in additional infrastructure pipes
i (e.g. telecommunication) by winches il
e TCW1 4th treatment stage Fourth advanced treatment stage to remove new pollutants. e.g. membrane  3.83*  0.64
23 — fechnglogy :
i TCW2 Disinfection Disinfection of wastewater before it leaves the wwip 323 092
= TCW3 Renewable energies Use of renewable energy sources at the wwip. e.g. solar power. 3.80 0.87
g fermentation gas efc.
2 TCW4 Hydropower plants Installation of wastewater hydropower plants on the wwtp as a standard 3.13 1.03
o TCW5 Sludge hygienisation Hygienisation of sewage sludge for a better recycling 3.52 0.85
= TCW6 _ Phosphor recycling Recycling of phosphor at the wwip 3.96* 068
TCW7 Heat recovery Use of heat from wastewater 338 085
5> DEC1 Household level reuse Reuse of water and recycling of nutrients (phosphorus) on household level.  3.08 1.10
E= cascade use of water
g DEC2 Decentral sanitaion Profuse installation of decentral sanitation systems. in urban as well asin ~ 3.42 0.99
rural areas
¥ 2 CLI1 Heavy rainfalls Increased frequency of heavy rainfall 412" 082
1]
E g g CLI2 Heat periods Increased frequency of drought and heat periods 388~ 095
§ CLI3 \Weather phenomena Increasing vulnerability to unusual weather phenomena 3.27 1.08
IE @ POL1 Unknown substances Accumulation of new so far unknown substances 355 106
8 POL? Nanoparticles Accumulation of nanoparticles in sewage 3.32 1.17
= POL3 Heavy metals Accumulation of heavy metals in sewage 304 098
& POL4 Bacteria and viruses Accumulation of bacteria and viruses in sewage 3.56 1.00
POLS Drug residues Accumulation of drug residues and hormones sewage 412 067

3.2 Third Delphi Round

The top 15 ranked challenges were analyzed by developing a Fuzzy Cognitive Map during the

expert workshop. An illustration of the resulting Fuzzy Cognitive Map is given in figure 3.
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Figure 3. Fuzzy Cognitive Map developed in the expert workshop

The Fuzzy Cognitive Map is characterized by a total of 17 variables®, 45 connections, 4
transmitters, 1 receiver, and 12 ordinary variables and by a density of 0.1557. The transmitter
variables are “heat periods”, “heavy rainfalls”, “population decrease”, and “precautionary
principle”, thus they influence other variables but are not affected by others. Except for
“population decrease”, these four variables are also characterized by the highest outdegree,
1.e. they have the highest impact on other variables.

4 The two water demand variables WAD1 and WAD?2 were integrated in one variable WAD
during the FCM workshop.
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Table 4. Adjacency Matrix and their graph theoretical indicators

TCS3 0.25 -0.25 | -0.25 0.50 1.25
CLI2 -0.25 -0.50 -0.25 0.25 1.25
WAD 0.25 -0.25 0.25 0.75
TCS5 0.75 0.25] 1.00
TCS4 -0.75 0.75
CLI1 0.50 0.50 [ 0.25 -0.50 [ -0.25 | -0.50 0.25 2.75
FIN5 -0.25 -0.25 0.50
ECONS 0.75 | 0.75 1.50
SOCIS 0.25 0.25
ECOLS 0.00
DEM1 0.25 0.25 0.50
STAL 0.25| 0.25| 0.25 -0.25 | -0.75 | -0.25 2.00
STA3 -0.25 -0.25 0.50
TCW1 -0.25 0.5