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‘When a truth is necessary, the reason for it can be found by analysis, that is, by resolving it
into simpler ideas and truths until the primary ones are reached.”

Gottfried Leibniz

Martin Nowack
Email: martin.nowack@tu-dresden.de
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Summary

The sanitation sector in Germany is chal-
lenged by an increasingly turbulent envi-
ronment. Due to the long use-life of the
infrastructure and its capital intensity, the
sector is characterized by low rates of re-
turn, high fixed-costs and vulnerability to
path dependency. This became particularly
obvious in the last years within the con-
text of demographic change, when a de-
creasing population led to the loss of fee
payers, and was intensified by a consider-
able decline in the water demand per capi-
ta, which caused increasing wastewater
fees. The traditional planning instruments
in the sanitation sector rely mainly on
forecasts and forward projections, while
disregarding key dynamics of the sur-
rounding political-legal, economic, societal,
technological and environmental frame-
work conditions.

Therefore, this dissertation assesses if the
low adaptive capacity of the sanitation
sector, which became obvious with de-
mographic change, can be enhanced by
strengthening the long range planning
competencies by means of scenario plan-
ning. The dissertation evaluates the possi-
bilities of scenario planning as alternative
planning instrument and explores the pre-
dictive as well as the explorative possibili-
ties in two separate research streams.
The predictive research stream analyzes
the specific impacts of demographic
change on wastewater fees. The focus
lies on a short time horizon and one spe-
cific trend. The latter explorative research
stream is addressed by a Delphi-based
scenario study, in which the most relevant
future challenges of the sanitation sector
are identified and summarized in four sce-
narios.

[5/112]

Zusammenfassung

Der Abwassersektor in Deutschland sieht
sich mit zunehmend dynamischen Rah-
menbedingungen konfrontiert. Auf Grund
der langen Nutzungsdauer ihrer Infrastruk-
tur und ihrer Kapitalintensitat ist die Ab-
wasserwirtschaft durch hohe Fixkosten
und durch ihre Anfalligkeit gegeniber
Pfadabhangigkeiten charakterisiert. Dies
zeigt sich besonders im Zusammenhang
mit den Auswirkungen des demografi-
schen Wandels in den letzten Jahren, in
Folge dessen abnehmende Bevdlkerungs-
zahlen zu einem Verlust von Gebihrenzah-
lern geflhrt haben. Zuséatzlich wurde die-
ser Effekt durch einen betrachtlichen
Rickgang der Wassernachfrage pro Kopf
verstarkt. Die herkdmmlichen Planungs-
ansatze in der Siedlungsentwaésserung ba-
sieren hauptsachlich auf Prognosen und
Trendfortschreibungen und bertcksichti-
gen somit nur unzureichend sich d&ndernde
Rahmenbedingungen.

Aus diesem Grund untersucht diese Dis-
sertation inwiefern die geringe Anpas-
sungsfahigkeit, die im Zusammenhang mit
dem demografischen Wandel offensicht-
lich wurde, durch eine Starkung der stra-
tegischen  Planungskompetenzen, und
speziell durch die Anwendung der
Szenarioplanung, erhoéht werden kann.
Hierflr werden sowohl die prediktiven als
auch die explorative Maoglichkeiten der
Szenarioplanung bewertet. Im  ersten
prediktiven Ansatz liegt der Fokus auf den
spezifischen Auswirkungen des demogra-
fischen Wandels auf die Abwassergebiih-
ren. Der zweite explorative Ansatz basiert
auf einer Kombination der Delphi-Technik
mit der Szenarioplanung, in der die bedeu-
tendsten zuklnftigen Herausforderungen
identifiziert und in vier Szenarien zusam-
mengefasst werden.
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1 Framework of the Cumulative Dissertation

In this cumulative dissertation the possibilities of scenario planning for urban drainage organ-
izations facing demographic change are analyzed. Demographic change is dealt with in this
dissertation mainly from two perspectives: as a cause and as an effect. Demographic
change in terms of a decreasing population is the cause of overcapacities and has a conse-
guence of rising wastewater fees. But the demographic change complexity is also an indica-
tor of the low long range planning capacities of the sanitation sector that made the sector
vulnerable to changing framework conditions such as demographic change. From this latter
perspective, demographic change is only one of a multitude of potential future challenges,
albeit the main motive for this dissertation.

Based on several published journal articles the issue is analyzed from multiple perspectives.
These first overview chapters (1.1 - 1.4) explain the framework of the dissertation and intro-
duce the methodological background of scenario planning; Chapter 1.5 presents the overall
research design and the abstracts of the individual journal articles. The individual journal ar-
ticles can be found in chapters 2 to 7. In chapter 8 some concluding remarks are made.

1.1 Scenario planning as alternative planning instrument®

In recent publications [Beuhler, 2003; Dominguez et al., 2006; Dominguez and Gujer, 2006;
Hiessl, 2003; Hillenbrand et al., 2010; Means et al., 2005; Phelps et al., 2001], scenario plan-
ning is proposed as an appropriate instrument to handle uncertainty in the wastewater sec-
tor. Dominguez et al. [2006] support the use of scenario planning in the urban drainage sec-
tor. They are calling for change in the current practice of capacity planning of a wastewater
treatment plant (WWTP). The methods calculating the capacity of a wastewater treatment
plant which are currently in use often disregard key dynamics of the system. Unforeseeable
economic, social, or legal changes lead to over- or undercapacities.

“An unfulfilled forecast will lead to an over- or undersized plant. While the former
produces unnecessary capital and operational costs, the latter can require expensive
upgrades of the plant in order to meet environmental standards. These environmental
standards, on the other hand, can also change over time, posing new demands on
the WWTP. The long planning phase and the long operational lifespan of wastewater
structures only add to this dilemma.” [Dominguez and Gujer, 2006]

‘Scenario planning is one of the most promising long range planning approaches that sup-
ports decision-makers bridging this gap and to overcome the difficulties of traditional plan-
ning instruments. [Miller and Waller, 2003; Phelps et al., 2001; Schnaars, 1987; 2001;
Schoemaker, 1991; 1993; 1995; Schwartz, 1998; Slaughter, 2002a; Slaughter, 2002b]"*

% This introduction is based in parts on a further developed paper that was presented at the IHDP Open Meet-

ing 2009, 7th International Science Conference on the Human Dimensions of Global Environmental Change in
Bonn [Nowack and Guenther, 2009]. A more developed version was published in the anthology on the occa-
sion of the Waterday workshop in Berlin [Nowack and Gunether, 2010].

4 Extract from journal article ES3.

[7/112]



[Cumulative dissertation of Martin Nowack: Possibilities of scenario planning for sanitation organizations facing demographic change]

1.2 Looking back in history

The first ancestors of scenarios are identified by Bradfield et al. [2005] in Plato’s description
of his ideal “Republic” as well as in the works of Thomas More and George Orwell. Scenario
planning was first mentioned by military strategists in Prussia in the 19th century by Clau-
sewitz and Moltke. Early scenario techniques were developed during the Cold War by the
Rand Corporation as a spin-off of the US Airforce and the Douglas Aircraft Company. At the
Rand Company Herman Kahn developed scenarios for the Air Defense System Missile
Command. Herman Kahn is often seen as the father of modern scenario planning. Pierre
Wack, who used Kahn's method at Royal Dutch Shell, realized the first well documented
business application of scenario planning. At the same time General Electric also experi-
mented with scenarios, but did not discuss it as openly as Royal Dutch Shell did. [Wack,
1985]

1.3 Definitions

As scenario methods were mainly driven and developed in very different disciplines and
adopted by many different practitioners terms are not clearly defined. They are used in very
different ways and therefore it is necessary to be precise in its terminology.

In this dissertation | define a scenario as a “description of a possible future state [of the ana-
lyzed system]” and adopt thereby the definition of the Intergovernmental Panel on Climate
Change (IPCC) [2000]. Scenario planning describes the entire process of developing scena-
rios. An important part of scenario planning is the scenario approach, e.g. the number of
steps that are necessary to undertake a scenario planning project. “ The [scenariol approach
consists of an ordered series of steps to accomplish the objectives of the [scenario planning]
project.” [Bishop et al., 2007] Scenario technigues are different instruments used in scenario
planning in order to facilitate the process and to ameliorate the outcome. In my dissertation,
| relied mostly on the generic foresight approach of Bishop et al. [Bishop et al., 20071, who
use six steps for a complete scenario planning study and include the two main phases of
scenario planning: scenario development (step 1-3) and scenario transfer (steps 4-6). In the
scenario development phase, the scenarist visualizes different states of the future; in the
scenario transfer phase, the consequences for today’s decisions are derived (see also Figure
1).

[8/112]
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Scenario
development

2. Scanning 3. Building range of

possible

1. Framing futures
Presence Future

vl scenarios

Scenario
transfer

5. Implementing

6. Controlling

4. Visioning

Figure 1: The Generic Scenario Approach

(Adopted from [Bishop et al., 2007; Chermack et al., 2001; Geschka and Hammer, 1997])

The generic scenario process consists of the following steps:
Scenario development

1. Framing: The purpose of this step is to shape the project according to the attitude of the
audience, the work environment, the rationale, the purpose, the objectives, and the
teams. The outcome of this step is a project plan.

2. Scanning: Here all relevant information about the system, history and context of the is-
sue is collected. The product, at the end of this step, is information about trends and
drivers.

3. Forecasting: This step identifies the key drivers and uncertainties and integrates them in
a systematic manner into the scenarios. The scenarios clarify the implications and out-
comes of the trends and drivers.

Scenario transfer

4. Visioning: In the visioning phase, a strategy has to be worked out with respect to how
to deal with future challenges. Based on the scenarios, the consequences for today's
decisions have to be drawn.

5. Implementing: The necessary resources must be organized, and the plan must be im-
plemented and communicated.

6. Controlling:® Once the plan is implemented, fulfillment of the goals must be evaluated
continuously. Furthermore, this process should be iterative; if new information about the
future becomes available or new challenges arise, the scenario development should be
repeated.

°  This step differs from the generic scenario approach of Bishop et al. [2007]. The original name of this step

was “acting”.
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1.4 Methodological Introduction

Like the origins of scenario planning, there is also confusion over the different methods of
scenario planning which have been used over the years. The reason is, once again, that
practitioners of different disciplines adapted the scenario idea to their specific needs and did
not apply a certain standard methodology. The result is a vast number of different methods.
One reason might be the dualism of the futurists and the scientific scenario planners. Even
in one of the most cited scenario studies throughout the world, the reports of the Intergo-
vernmental Panel on Climate Change (IPCC), the theory of scenario planning seems to be
neglected. Nordlund [2008] attests a lack of integration of “foresight research” in IPCC re-
ports.

Martelli [2001] describes the situation as “methodological chaos.” Current research at-
tempts to categorize and systemize the different scenario typologies and techniques. [Bi-
shop et al., 2007; Bradfield et al., 2005; Bdrjeson 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]

Van Notten et al. [2005] propose an updated scenario typology, which categorizes scenarios
by using overarching themes. The overarching themes describe the key aspects of scena-
rios, the project goal (why?), process design (how?) and the scenario content (what?).

The categorization of Borjeson et al. [2006] distinguishes between a predictive scenario goal
(what will happen?), an explorative goal (what can happen?) and a normative scenario goal
(how can a specific target be reached?).

Predictive (probable) scenario projects are dealing with the most likely events. A specific de-
velopment is expected to occur, and the predictive scenario project aims at assessing the
impacts. Estimated challenges and opportunities are highlighted and prepared for the deci-
sion-maker. Essential for predictive scenarios is the focus on analyzing and calculating the
impacts of a small number of trends. [Bdrjeson et al., 2006]

Explorative (possible) scenarios, on the other hand, are more long-term oriented. The main
focus is the identification and analysis of possible future challenges. Explorative scenarios try
to find out what the future could look like. [Bdrjeson et al., 2006]

Normative (preferable) scenarios focus on a certain objective. For example, a watershed
agency is concerned about how to achieve the goal of a good watershed status by 2015 as
demanded by the EU Water Framework Directive. [European Parliament and European
Council, 2000] Normative scenarios investigate if and how this goal can be realized if impor-
tant elements of the current situation change. | argue that this categorization is inconsistent
because normative aspects can be integrated either in predictive or in explorative scenarios
in the scenario transfer phase of scenario planning (see Figure 1). Therefore, | exclude nor-
mative scenarios as a category from my further analysis.

Bishop et al. [2007] categorize scenario projects using different groups of scenario tech-
niques. Their categories, explained below (see Box 1), are: judgment, baseline, elaboration
of fixed scenarios, event sequences, dimension of uncertainty, cross-impact analysis and
modelling.

[10/112]
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Box 1: Groups of Scenario Techniques [Bishop et al., 2007]

Elaboration of fixed scenarios: A small number of scenarios is prepared ahead of time, for
example a green future scenario, a high tech scenario and a depression scenario, etc. Af-
terwards, the logic of the scenarios is discussed and the impacts on specific domains (law,
politics, family life, mobility, public services, etc.) have to be discussed. This method helps
to focus on the implications and its consequences and avoids struggling with future uncer-
tainties.

Event sequences: This technique is based on the idea that the future is a sequence of
events. An event might happen with a certain probability and leads to further specific
events with specific probabilities which are followed by other specific events and so on.
Plotted in a probability tree, the most likely future can even be computed.

Backcasting: The starting point of backcasting techniques is a specific image of the future
or a vision. For example, every person on earth has access to safe drinking water. Decom-
posing this goal in its components helps to identify the steps that are necessary to realize
this goal.

Dimensions of uncertainty: The starting point for scenario development is the uncertain-
ties of key drivers. Based on these uncertainties, alternative scenarios are constructed. The
most famous representative of this technique is Schwartz (1998). The technique is also
known as the GBN matrix, which considers two key uncertainties. The morphological analy-
sis and field anomaly relaxation are extensions of the GBN matrix and include more than
two key uncertainties.

Cross-impact analysis: The main idea of the cross-impact analysis is that the occurrence
of an event will change the probabilities of the occurrence of other events. In the column of
a matrix a list of possible events is enumerated. Each event has its starting probability. In
the line of event 1, to each of the other events [2,..,n] is assigned a probability, assuming
that event 1 has occurred. The same procedure is continued for each event. Afterwards, a
random probability between 0 and 1 is chosen. Each event with a probability higher than
this random probability is assumed to occur. A distribution of probabilities results by repeat-
ing this procedure several times. This can be used to estimate the probability of an event,
given that the possible occurrence of the other events is known [Huss and Honton, 1987].

Modelling: The bases for these techniques are mathematical models or equations. Each
model consists of a set of assumptions. A certain set of different assumptions of the model
constitutes one scenario. This can be done in order to promote the complex illustration of
the result. The trend impact analysis (TIA) is one of the representatives of this category of
techniques. It was developed by Ted Gordon [1994] and considers the effects of perturbing
events. Generally, modelling techniques are used to identify baseline scenarios.

Courtney [2003] makes an important contribution by underlining that the scenario design,
and thus, the used techniques should be chosen up depending on the type of uncertainty. If
uncertainty can be operationalized and the time horizon is not too long, more predictive
oriented designs such as modelling in combination with sensitivity analysis, might be more
appropriate than more qualitative oriented scenario workshops. The latter option might be
more appropriate if the time horizon is more long-term oriented and uncertainty is much
more abstract.

In the following the core characteristics are synthesized. It can be stated that an important
characteristic of a scenario project is its goal, design and content. [van Notten et al., 2003]
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The goal can be explorative or a predictive. [Bdrjeson et al., 2006; van Notten et al., 2003]
The scenario design is determined by the scenario techniques that are used. [Geschka and
Hammer, 1997, Huss and Honton, 1987; Mietzner and Reger, 2004] Obviously, not every
technique might be appropriate for every scenario goal. Using the technique typology of Bi-
shop et al. [2007], baseline, modelling and event sequences are clearly more predictive
oriented, whereas judgement techniques, elaboration of fixed scenarios and backcasting are
more of an explorative nature. These techniques are goal-dependent; or in the terms of
Borjeson et al. [2006] generating or integrating techniques. Some techniques have an addi-
tional function. They are not necessary but can help to deal with some methodological prob-
lems. For example, a high degree of driver independency can be evaluated using the cross-
impact analysis. The dimension of uncertainty techniques are especially advantageous if a
large number of drivers have to be weighed. These techniques are content-dependent.
Borjeson et al. [2006] designate these techniques as consistency techniques.

1.5 Research Design

In this part | explain the research design of my dissertation by which | assess the possibili-
ties of scenario planning for urban drainage organizations facing demographic change. After
a short introductory research stream the possibilities are analyzed in a predictive as well an
explorative research stream as illustrated in Figure 2.

Introductory
Research Stream

eOverview
Article 1 (11):
"Szenarioplanung"
(WISU)

eOverview
Article 2 (12):
“Szenarioplanung im
integrierten
Wasserressourcen-
management”
(UWF)

Predictive
Research Stream

ePredictive Article (P1):
“Demographic Change as
Driver of Wastewater fees in
Urban Drainage Systems"
(GWE)

Figure 2: The Overall Research Design
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Explorative
Research Stream

eIntroductionary Article
(E1): "Nachhaltige
Unternehmensfiihrung mit
der Delphi-Methode”
(WISU)

eMethodological Article
(E2): “Review of Delphi-
based scenario studies"
(TFS)

eExplorative Scenario
Article (E3):“Scenarios for
the sanitation sector in
Germany: a Delphi-based
approach”
(WRR)



[Cumulative dissertation of Martin Nowack: Possibilities of scenario planning for sanitation organizations facing demographic change]

1.5.1 Introductory Research Stream

In the first part of the dissertation two articles give a short overview of the general possibili-
ties of scenario planning in the sanitation sector and in the context of Integrated \Water Re-

source Management. Journal article 11:

“Szenarioplanung”

published in “Das Wirt-

schaftsstudium” (WISU), Vol. 38 (2009), No. 3/09, p. 340-341 and journal article P2: “Szena-
rioplanung im integrierten Wasserressourcenmanagement” published in “"UWF — Umwelt-
WirtschaftsForum”, Vol. 17, (2009), No. 3, p. 251-255 belong to this research stream.

1.5.1.1 Journal Article 11: Scenario Plan-
ning
Glnther, Edeltraud / Nowack, Martin,

published in: Das Wirtschaftsstudium, Vol.
38 (2009), No. 3, p. 340-341.

Energy crises, globalized world markets and
deregulation, as well as demographic and
climate change are new arising challenges
that companies have to face. Decision-
makers in private companies as well as in
public organizations must evaluate the im-
pacts of these trends but also manage risks,
and seize business opportunities. lllustrated
by the example of the sanitation sector the
possibilities of scenario planning are out-
lined.

6
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Szenarioplanung*®

Glinther, Edeltraud, Nowack, Martin, verof-
fentlicht in: Das Wirtschaftsstudium, Jg. 38
(2009), Heft 3, S. 340-341.

Energiekrisen, globalisierte Weltmarkte und
Deregulierung, aber auch demografischer
Wandel und Klimawandel stellen Unterneh-
men vor neue Herausforderungen. Fir Ent-
scheidungstrager in privaten Unternehmen
und offentlichen Einrichtungen stellt sich die
Frage, wie einerseits die Konsequenzen die-
ser Trends zu bewerten sind und wie ande-
rerseits Risiken vermindert und sich erge-
bende Geschaftsmaglichkeiten wahrnehmen
kénnen. An Hand der Abwasserwirtschaft
werden die Maglichkeiten der
Szenarioplanung skizziert.

The original title of the journal article is marked by an asterisk.
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1.5.1.2 Journal Article 12: Scenario Plan-
ning in the Context of Integrated
Water Resources Management

Nowack, Martin / Glnther, Edeltraud,
published in: uwf - UmweltWirtschaftsFo-
rum, Vol. 17 (2009), No. 3, p. 251-255.

Climate, demographic and technological
change and their impacts, as well as chang-
ing environmental framework conditions will
confront Integrated Water Resources Man-
agement in the future with major challenges.
Scenario planning captures future develop-
ments and trends and illustrates them in
scenarios, i.e. in possible future pictures
with the aim of deriving consequences for
today's decisions. The objective of this ar-
ticle is to evaluate the possibilities of scena-
rio planning for Integrated \Water Resources
Management.

Szenarioplanung im Integrierten Wasser-
ressourcenmanagement*

Nowack, Martin / Glinther, Edeltraud, verof-
fentlicht in: uwf - UmweltWirtschaftsForum,
Jg. 17 (2009), Heft 3, S. 251-255.

Klimawandel, demografischer und technolo-
gischer Wandel und deren Folgen, aber auch
andere sich dndernde Rahmenbedingungen
werden das Integrierte Wasserressourcen-
management (IWRM) in Zukunft vor groRRe
Herausforderungen stellen. Die
Szenarioplanung erfasst zuklnftige Entwick-
lungen und Trends und illustriert sie in Sze-
narien bzw. Zukunftsbildern mit dem Ziel,
daraus die Konsequenzen flr heutige Ent-
scheidungen abzuleiten. Ziel dieses Artikels
ist es daher, die Maoglichkeiten der
Szenarioplanung als integrierende Methode
insbesondere im Hinblick auf das Integrierte
Wasserressourcenmanagement zu untersu-
chen.
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1.5.2 Predictive Research Stream

In the next research stream the possibilities of scenario planning in a predictive context are
analyzed. The research question (RQ) in this research stream is:

RQ1: What are the possibilities of predictive scenario planning?

In this predictive research stream | focus on one specific trend, namely demographic
change. More precisely | analyze the economic impacts of demographic change on the sani-
tation sector. Thus, | deal with demographic change as a cause. The content is rather com-
plex, the focus lies on one trend but also must be compared with other effects. The re-
search design relies on modelling techniques; more precisely a ceteris paribus analysis will
be combined with a sensitivity analysis. This research stream is dealt with in the journal ar-
ticle P1: “Demographic Change as Driver of Wastewater fees in Urban Drainage Systems —
A Comparison of Demography, Water Saving, Maintenance Cost, Operating Cost and Indus-
try Effects” published in gwf Wasser/Abwasser, Vol. 11 (2010), No. 151, p. 1076 -1085.

[15/112]
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1.5.2.1 Journal Article P1: Demographic
Change as Driver of Wastewater
Fees in Urban Drainage Systems:

A Comparison of Demography, Water Sav-
ing, Maintenance Cost, Operating Cost and
Industry Effects

Nowack, Martin / John, Sebastian /
Trdnckner, Jens / Glinther, Edeltraud, pub-
lished in: gwf Wasser/Abwasser, Vol.
11/2010, No. 151, p. 1076 -1085.

Decision-makers in the wastewater industry
face demographic changes in terms of a de-
creasing population and a declining quantity
of wastewater. This results in technical hur-
dles and economic challenges. The econom-
ic challenges are caused by the durable and
capital intensive infrastructure that can only
be adapted to a very limited extent to the
changing environment. The fixed costs add
up to 75 — 85 % of the total costs and they
have to be covered by a reduced number of
fee-payers, causing an increase of the
wastewater fees per capita. This article ana-
lyzes three case studies for the following
questions: how strong a wastewater com-
pany is affected by demographic change?
How will their wastewater fees increase
due to demographic change? What is the
impact of other effects? Therefore a tool to
predict the wastewater fees was developed
that considers the population decrease, the
wastewater quantity, as well as the devel-
opment of the costs and the specific tariff
system.

Der demografische Wandel als Gebiihren-
treiber in der Siedlungsentwasserung:

Ein Vergleich des Demografieeffektes mit
Spar-, Betriebskosten-, Kapitalkosten- und
Industrieffekten*

Nowack, Martin / John, Sebastian /
Trdanckner, Jens / Glinther, Edeltraud, er-
schienen in: gwf Wasser/Abwasser, Jg.
11/2010, Heft 151, S. 1076 -1085.

Der demografische Wandel in Form einer
sinkenden Bevdlkerungszahl und eines rick-
laufigen Abwasseranfalls stellt die Abwas-
serentsorger neben technischen Aspekten
vor eine groRe wirtschaftliche Herausforde-
rung. Die langlebige und kapitalintensive Inf-
rastruktur kann nur in begrenztem Male an
den demografischen Wandel angepasst
werden. Der hohe Fixkostenanteil von 75 —
85 %, der auf eine verringerte Geblhrenba-
sis umgelegt werden muss, droht die Ge-
bihren entsprechend zu erhohen. Dieser
Beitrag untersucht an Hand von drei Fallstu-
dien, wie stark die Abwasserentsorger vom
demografischen Wandel betroffen sind und
wie sich ihre Abwassergebihren auf Grund
des demografischen Wandels oder anderer
Effekte zu erhdhen drohen. Hierzu wurde ein
GebUhrenprognose-Tool entwickelt, das so-
wohl die Bevolkerungsentwicklung, den
Schmutzwasseranfall als auch die Kosten-
entwicklung und das spezifische Gebihren-
erhebungsverfahren bericksichtigt.
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1.5.3 Explorative Research Stream

In the third research stream, the explorative one, the possibilities of scenario planning in an
explorative background are evaluated. The research question that will be answered in this
research stream is:

RQ2: What are the possibilities of explorative scenario planning?

Demographic change is dealt with in this research stream as an indicator of low long range
planning capacities. It is one possible effect of changing environmental conditions and one
challenge among a multitude of others. The focus lies on the identification of possible future
challenges or drivers of the development. The content will be rather complex, since in addi-
tion a multitude of drivers, driver interdependencies are also to be expected. Therefore, the
integration of expert knowledge is assessed as an appropriate method to deal with this
complexity. | do so by integrating the Delphi technique into my research design. The Delphi
technigue itself is shortly introduced in journal article E1: “Nachhaltige Unterneh-
mensfihrung mit der Delphi-Methode” published in ,,Das Wirtschaftsstudium”, Vol. 40
(2011), No. 4/11, p. 510-611.

An important part of this explorative research stream is the development of a new scenario
methodology that is well suited for the high degree complexity of the sanitation system and
at the same time capable of assuring a high degree of stakeholder participation. Therefore,
journal article E2 “Review of Delphi-based scenario studies: Quality and design considera-
tions,” published in “Technological Forecasting and Social Change” (article in press, cor-
rected proof) systematically reviews scenario studies that combined the Delphi technique
and scenario planning.

Based on this systematic research review | could derive a tailor-made scenario design for
the development of explorative scenarios for the sanitation sector in the year 2050, which |
present in journal article E3 “Scenarios for the sanitation sector in Germany: a Delphi-based
approach” that is prepared for submission to the journal “\Water Resources Research.”

1.5.3.1 Journal Article E1: Sustainable
Corporate Management by Means
of the Delphi-technique

Nowack, Martin / Glnther, Edeltraud,
published in: Das Wirtschaftsstudium, Vol.
40 (2011), No. 4/11, p. 510-511.

In this article the Delphi-technique as in-
strument for a sustainable corporate man-
agement is presented and illustrated.
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E1: Nachhaltige Unternehmensfiihrung
mit der Delphi-Methode*

Nowack, Martin / Glnther, Edeltraud, er-
schienen in: Das Wirtschaftsstudium, Jg. 40
(2011), Heft 4/11, S. 510-511.

In diesem Artikel wird die Delphi-Methode
zur UnterstUtzung einer nachhaltigen Unter-
nehmensflihrung am Beispiel der Abwas-
serwirtschaft vorgestellt.
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1.5.3.2 Journal Article E2: Review of Del-
phi-based Scenario Studies: Quali-
ty and Design Considerations*

Nowack, Martin / Endrikat, Jan / Glinther,
Edeltraud, published in: Technological Fore-
casting and Social Change (2011), article in

press, corrected proof,
doi:10.1016/j.techfore.2011.03.006.
For meaningful scenarios, creative input

concerning possible future trends is crucial.
Herman Kahn, the father of modern scenario
planning, underlined the importance of
“thinking the unthinkable” in a significant
scenario study. “Blessed with high intelli-
gence, an assertive personality and the re-
search capabilities of the RAND Corpora-
tion,” he could rely on genius forecasting.
But how can this foresight be creative as
well as simultaneously credible and objec-
tive if one does not possess Kahn's genius?
In this article, we assess the incorporation of
expert knowledge via the Delphi technique
into scenario planning as a promising option.
We discuss possible combinations and iden-
tify the span of design alternatives in the ex-
isting body of Delphi-based scenario studies
through a systematic research review and
provide recommendations on how a Delphi-
based scenario study should be designed to
ensure quality. We recommend focusing on
the integration of the Delphi technique only
in one phase of the scenario approach. In
this way, the design options can be inten-
tionally adjusted to the particular function.
We further offer recommendations on how
to accomplish this.

Review Delphi-basierter Szenariostudien:
Qualitats- und Designbetrachtungen

Nowack, Martin / Endrikat, Jan / Glnther,
Edeltraud, verdéffentlicht in: Technological
Forecasting and Social Change (2011), Arti-
kel in Druck, korrigiert und angenommen,
doi:10.1016/].techfore.2011.03.006.

FUr ausdrucksféhige Szenarien sind kreative
Ideen zu mdoglichen zuklnftigen Herausfor-
derungen von entscheidender Bedeutung.
Herman Kahn, der Vater der modernen
Szenarioplanung, betonte wie wichtig es ist
in solchen Szenarien ,das Undenkbare zu
denken”. , Gesegnet mit einer hohen Intelli-
genz, einer durchsetzungsfahigen Person-
lichkeit und den Ressourcen der RAND Cor-
poration” konnte er auf sein Genie als maf-
gebliches Foresight-Instrument zurlickgrei-
fen. Aber wie kann ein Foresight-Prozess
kreativ und gleichzeitig glaubwdirdig und ob-
jektiv sein, wenn ein Zukunftsforscher nicht
Uber Kahns Genie und Ressourcen verflgt?
In diesem Artikel bewerten wir die Einbet-
tung von Expertenwissen in die
Szenarioplanung auf Basis der Delphi-
Methode als eine vielversprechende Ant-
wort auf diese Frage. Wir diskutieren ver-
schiedene Kombinationsmaoglichkeiten und
zeigen auf Basis einer systematischen Lite-
raturrecherche die in der Literatur verwende-
te Spannbreite moglicher Designalternativen
auf. Wir leiten Empfehlungen ab, wie eine
Delphi-basierte  Szenariostudie  gestaltet
werden sollte, um ein hohes Mal an Quali-
tat sicherzustellen. Wir empfehlen die Del-
phi-Technik  primar Stufe des
Szenarioprozesses zu integrieren, um das
Design besser auf die gewlnschte Wirkung
ausrichten zu konnen.

in einer
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1.5.3.3 Journal Article E3: Scenarios for
the Sanitation Sector in Germany: a
Delphi-based Approach*

Nowack, Martin, prepared for Publication in:
Water Resources Research.

The capital intensive and path-dependent
sanitation sector is vulnerable to changing
framework conditions, as the current expe-
riences with decreasing populations in East
Germany are proving. Therefore, alternative
planning approaches are needed which al-
low decision-makers in the sanitation sector
to prepare sufficiently early for future chal-
lenges. In this article | present the results of
a scenario study on the future of the sanita-
tion sector in the year 2050 in which | inves-
tigated the possibilities of scenario planning
to overcome possible shortcomings of for-
mer planning approaches. The major contri-
butions of my research are the identification
of the most relevant future challenges and
the development of a set of future scenarios
which provide a valuable basis for strategy
development in the sanitation sector.

Szenarien fiir den deutschen Abwassersek-
tor: ein Delphi-basierter Ansatz

Nowack, Martin, zur Veréffentlichung vorge-
sehen in: Water Resources Research.

Die kapitalintensive und pfadabhéngige Ab-
wasserwirtschaft ist anfallig gegeniber sich
andernden Rahmenbedingungen, wie die ak-
tuelle Erfahrung mit einer sinkenden Bevdl-
kerung in Ostdeutschland zeigt. Aus diesem
Grund werden alternative Planungsinstru-
mente bendtigt, die die Entscheidungstrager
in der Abwasserwirtschaft in die Lage ver-
setzt, sich frihzeitig auf zuklnftige Heraus-
forderungen vorzubereiten. In diesem Artikel
stelle ich die Ergebnisse einer Studie vor, in
der verschiedene Szenarien fir die Abwas-
serwirtschaft im Jahr 2050 erstellt werden.
Es werden die Maoglichkeiten  der
Szenarioplanung untersucht, wie die Mangel
der Planungsinstrumente
Uberwunden werden koénnen. Als wichtigs-
tes Ergebnis dieser Forschung werden die
relevantesten zukinftigen Herausforderun-
gen identifiziert und in Szenarien zusam-
mengefasst. Diese stellen eine wertvolle
Ausgangsbasis flr eine Strategieentwick-
lung in der Abwasserwirtschaft dar.

herkdmmlichen
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WISU-KOMPAKT

OKOLOGIE UND

WIRTSCHAFT

Die Umweltgefdhrdung verlangt schnelle und nach-
haltige MaBnahmen. Hier werden Instrumente vor-
gestellt, die zur Erhaltung der natiirlichen Umwelt
beitragen.

Szenarioplanung

nergiekrisen, globalisierte Mérkte und Deregulie-

rung, aber auch der demografische Wandel und
der Klimawandel stellen die Unternehmen vor neue
Herausforderungen. Abb. 1 veranschaulicht diese Um-
feldeinflisse am Beispiel der Abwasserwirtschaft.
Entscheidungstrédgern in privaten Unternehmen und
offentlichen Einrichtungen stellt sich damit die Fra-
ge, wie die Konsequenzen dieser Trends bewertet
und die Risiken vermindert werden sollen, und wie
sich daraus eventuell ergebende Geschéftsmoglich-
keiten wahrgenommen werden kénnen.

Anhand historischer und aktueller Daten kbnnen zwar
Trends in die Zukunft fortgeschrieben werden, un-
vorhersehbare Ereignisse (z.B. ein technologischer
Durchbruch oder eine Wirtschaftskrise) lassen sich je-
doch nurunvollkommen bericksichtigen. Stattdessen
besteht die Gefahr, dass sie (berhaupt nicht beach-
tet werden. So beruhten Planungen in der Siedlungs-
wasserwirtschaft hdufig auf historischen Daten, was
dazu fluhrte, dass wegen des demografischen Wan-
dels und des deshalb zuriickgehenden Wasserver-
brauchs Uberkapazitdten aufgebaut wurden.

Ein alternatives Planungsinstrument ist die Szena-
rioplanung. Dabei wird ein Bindel mdéglicher Ent-
wicklungen entworfen, aus denen Konsequenzen fiir
das heutige Handeln abgeleitet werden. Szenarien
besc;hreiben also mégliche Ausprdagungen der Zu-
kunft.

Szenariomethoden wurden erstmals wéhrend des
Kalten Krieges von Herman Kahn entwickelt, der far
die Rand Cooperation arbeitete. Er gilt damit als
Vater der modernen Szenarioplanung. Wenig spéter
wendete Pierre Wack sie als einer der ersten in ei-
nem wirtschaftlichen Umfeld bei der Royal Dutch/
Shell Group an.

Da Praktiker und Forscher unterschiedlicher Diszipli-
nen die Szenarioplanung genutzt und an ihre jeweili-

Umwelt-
auflagen

politische
Entwicklungen

Liberalisierung

demagrafischer
Wandel

soziale

gen Bedurfnisse angepasst haben, ist ein unsyste-
matisches Nebeneinander verschiedener Metho-
den und Instrumente entstanden. Die Anwender
beziehen sich meist auf bestimmte Autoren wie etwa
Schwartz oder Geschka/Hammer im deutschspra-
chigen Raum. Eine systematische Entscheidungs-
hilfe oder Theorie, welche Methode fir welche Auf-
gabe am sinnvollsten ist, ist bislang nur in Ansédtzen
erkennbar. Je nach Autor unterscheiden sich Defini-
tionen, Techniken und sogar die Zahl der Schritte, die
bei einem Szenarioprojekt erforderlich sind. So teilen
Geschka/Hammer Szenarioprojekte in acht Schritte
auf, andere arbeiten mit vier, wahrend wieder andere
bis zu zwdlf Schritte vorschlagen. Hier wird der An-
satz von Bishop/Hines/Collins vorgestellt.

Die Szenarioentwicklung

Prinzipiell kann ein Szenarioprojekt in zwei Phasen
unterteilt werden: In der ersten Phase, der Szenario-
entwicklung, werden die eigentlichen Szenarien er-
stellt (Schritte 1 - 3).

- 1. Framing — Systemgrenzen, Zweck, Ziel, Bear-
beiter und Zielgruppe werden festgelegt. Das Er-
gebnis ist der Projektplan.

- 2. Scanning — Historische und aktuelle Informa-
tionen sowie Prognosen und Trends werden ge-
sammelt. Das ergibt die Datenbasis.

- 3. Forecasting — Erstellung von Baseline- sowie
alternativen Szenarien, Identifizierung der wich-
tigsten Treiber, Unsicherheiten und deren Auswir-
kungen.

Bei der Szenarioentwicklung kommt es vor allem
darauf an, die wichtigsten Treiber zu identifizieren.
Diese werden in sinnvollen Kombinationen in Szena-
rien zusammengefasst.

Szenarien

[ widcards, |
Stérereignisse

Vergangenheit Gegenwart Zukunft
Abb. 2: Szenarioentwicklung

Ein guter Ausgangspunkt ist ein Baseline-Szenario
bzw. ein Business-as-usual-Szenario (BAU-Szena-
rio). Das Szenario wird unter der Annahme erstellt,

Klimawandel

tkologische
Entwicklungen

technologische

Umwelthormene

Abwasseranfall

Entwicklungen

dezentrale Anschlisse

Globalisierung

Abb. 1: Umfeldeinfllisse in der Abwasserwirtschaft

okonomische
Entwicklungen

! Jed Entwicklungen

Kleinklaranlagen

Energie- und Roh-
stoffpreise
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dass sich alles so weiterentwickelt wie bisher. Ein
Baseline-Szenario kann bereits ausreichen, um ei-
nem Unternehmen entsprechenden Handlungsbe-
darf aufzuzeigen. So lasst sich im Abwassersektor
der Riickgang der Gebuhren- und Beitragszahler gut
aufgrund des demografischen Wandels prognosti-
zieren.

Ohne weitere Szenarien reicht ein Baseline-Szena-
rio flr eine aussagekréftige Szenarioplanung aller-
dings nicht aus, da sonst méglicherweise entschei-
dende Entwicklungen vernachléssigt wirden. Base-
line-Szenarien beruhen auf Vergangenheitswerten und
entsprechenden Hochrechnungen, wobei Wildcards
bzw. Stérereignisse ignoriert werden. Dies sind
Entwicklungen, die sich nicht durch die Fortschrei-
bung bisheriger Trends erkennen lassen. Dazu ge-
héren z.B. technologische Durchbriiche oder Wirt-
schaftskrisen. Wildcards kénnen dazu fiihren, dass
sich die Zukunft véllig anders entwickelt. Durch sie
kann sich der mégliche Zukunftsraum (Ende des
Szenariotrichters) erheblich vergréBern.

Besonderes Augenmerk erfordern Entwicklungen mit
sehr geringer Eintrittswahrscheinlichkeit, die je-
doch fatale Konsequenzen nach sich ziehen wdr-
den. Im Abwasser-Beispiel wére dies z.B. die Ab-
kehr vom Anschlusszwang oder eine gesetzliche
Verpflichtung, die Kldranlagen um eine dritte Reini-
gungsstufe zu ergdnzen, damit auch Umwelthormo-
ne aus dem Abwasser entfernt werden kénnen. Der-
artige extreme Entwicklungen sind die Grundlage
flr Extremszenarien wie dem Worst-Case-Szena-
rio. Szenarien kénnen z.B. als High-Tech-, Auf-
schwung-, Okodiktatur- oder Depressionsszenario
bezeichnet werden. Griffige Bezeichnungen wie die-
se helfen, kreative Antworten zu erarbeiten.

Der Szenariotransfer

In der zweiten Phase des Ansatzes von Bishop/Hi-
nes/Collins, dem Szenariotransfer, werden aus den
verschiedenen Szenarien die jeweiligen Konsequen-
zen fir das heutige Handeln gezogen (Schritte 4 - 6):

- 4. Visioning — Durch die Wahl des bevorzugten
Szenarios und die Identifizierung von Handlungs-
erfordernissen entsteht eine Zukunftsvision.

- 5. Planning — Die Auswahl strategischer Ziele
flihrt zu einer Strategie.

- 6. Acting — Jetzt werden die geplanten MaBnah-
men umgesetzt.

Welche Konsequenzen ergeben sich fir das Unter-
nehmen, wenn z.B. das Aufschwungszenario eintritt?
Wie kann sich das Unternehmen schon heute auf
diese Situation vorbereiten? In der Spieltheorie wird
dieses Vorgehen ,,Lésung durch Riickwértsinduk-
tion“ genannt. Das Unternehmen konfrontiert sich
mit verschiedenen Ausprdgungen der Zukunft und
entwirft entsprechende GegenmaBnahmen und Stra-
tegien. Hier liegt die Herausforderung hédufig darin,

eingeschliffene Denkmuster und Vorgehensweisen
zu Uberwinden und das kreative Potenzial des Unter-

nehmens zu erschlieBen.

Gegenwart Zukunft
Abb. 4: Szenariotransfer

Beurteilung

Ein Nachteil der Szenarioplanung ist, dass der Pro-
zess kleineren und mittleren Unternehmen oft unbe-
kannt ist, zudem ist er recht aufwéndig. Durch das
Hinzuziehen externen Sachverstands oder durch
Szenarioworkshops mit mehreren Partnern, die auch
von Verbdnden organisiert werden kénnen, ldsst sich
hier Abhilfe schaffen.

Auf der anderen Seite kann die Szenarioplanung die
strategische Planung im Unternehmen wesent-
lich erleichtern. Szenarien reduzieren die Komple-
xitét, erleichtern die Kommunikation, stoBen Lern-
prozesse in der Organisation an und erleichtern die
interdisziplindre Zusammenarbeit. Dariber hinaus
unterstiitzt die Szenarioplanung das Risikomanage-
ment bei der Identifizierung von Risiken.

Aktuelle Aufmerksamkeit erfuhr das Thema durch die
Klimaszenarien des Intergovernmental Panel on
Climate Change IPCC, das 2007 neben Al Gore mit
dem Friedensnobelpreis ausgezeichnet wurde.

Prof. Dr. Edeltraut Ginther/
Dipl.-Volksw. Martin Nowack, Dresden
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Zusammenfassung Klimawandel, demografischer Wan-
del, technologischer Wandel und deren Folgen, aber auch
andere sich &ndernde Rahmenbedingungen werden das inte-
grierte Wasserressourcenmanagement (IWRM) in Zukunft
vor groRBe Herausforderungen stellen. Die Szenarioplanung
erfasst zukiinftige Entwicklungen und Trends und illustriert
sie in Szenarien bzw. Zukunftsbildern mit dem Ziel, daraus
die Konsequenzen fiir heutige Entscheidungen abzuleiten.
Ziel dieses Artikels ist es daher, die Mdglichkeiten der Sze-
narioplanung als integrierende Methode insbesondere im
Hinblick auf das Wasserressourcenmanagement zu unter-
suchen.

Martin Nowack (<) - Prof. Dr. Edeltraud Guinther
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Die Methode der Szenarioplanung

Zwei Zitate vermdgen die Idee der Szenarioplanung gut

auszudriicken:

1. ,,Es kommt nicht darauf an, die Zukunft vorherzusagen,
sondern auf die Zukunft vorbereitet zu sein“ (Perikles,
493-429 v.Chr.) und

2. ,If you do not think about the future, you cannot have
one* (Literaturnobelpreistrager John Galsworthy, 1928).

Genau diesen beiden Herausforderungen stellt sich die Sze-

narioplanung, indem sie einerseits auf zukiinftige Entwick-

lungen vorbereitet (passive Funktion) und andererseits aber
auch deren Gestaltung befordert (aktive Funktion). Die Sze-
narioplanung als Methode wurde maRgeblich wahrend des

Kalten Krieges in einem Spinn-off-Unternehmen der US Air

Force der Rand Cooperation entwickelt.! Unter Leitung von

Herman Kahn, der als Vater der modernen Szenarioplanung

bezeichnet wird, wurden dort mogliche Szenarien fiir das

Raketenabwehrsystem der USA entwickelt.? Pierre Wack

wandte schlieRlich Kahns Methode zum ersten Mal im un-

ternehmerischen Umfeld in der Olindustrie bei der Royal

Dutch Shell an. Nach einem ersten gescheiterten \ersuch

gelang es Wack, die Methode entsprechend weiterzuentwi-

ckeln, und er konnte so das Unternehmen auf die spéter ein-
tretende Olkrise vorbereiten (Wack 1985a,b).34

* Die Delphimethode wurde ebenfalls in der Rand Cooperation ent-
wickelt.

2 Als Ursprungsquelle kann hier auf Kahn & Wiener (1967) bzw. das
weniger bekannte Werk von Kahn (1960) verwiesen werden.

3 Zeitgleich wurden Szenarien auch bei General Electric angewandt,
jedoch wurden diese Aktivitdten nicht so stark an die Offentlichkeit
getragen wie bei Royal Dutch Shell.

* Néhere Ausfiihrungen zur geschichtlichen Entwicklung finden sich
bei Bradfield, Wright, Burt, Cairns & van der Heijden (2005).
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Abb. 1 Der Dresdner Szenario- ' ~N
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Heute werden Szenariomethoden von Wissenschaftlern
und Anwendern aus unterschiedlichen Disziplinen auf un-
terschiedlichste Art und Weise angewandt. Dementspre-
chend herrscht ein Nebeneinander von Definitionen und
Methoden in diesem Forschungsfeld. Die Szenarioliteratur
bemiiht sich seit den 90er Jahren um eine Vereinheitlichung
und Typologisierung. Nach wie vor kann jedoch von einem
,methodischen Chaos*“® gesprochen werden.®

Grundsatzlich wird ein Szenario als eine Beschreibung
oder ein Abbild der Zukunft definiert.” Fink et al. (2001)
beschreiben ,,ein Szenario als eine von mehreren denkbaren
Zukinften komplexer Systeme, die auf Verkniipfung einer
Vielzahl denkbarer und konsistenter Einzelentwicklungen
beruht.* Der (bergeordnete Prozess der Szenarioplanung
beschreibt den vollstdndigen Entscheidungsfindungspro-
zess, der auf Basis von Szenarien zukiinftige Entwicklun-
gen in die heutigen Entscheidungen integriert. Eine Sze-
narioplanung besteht grundsatzlich aus zwei Teilen: zum
einen aus der Szenarioentwicklung und zum anderen aus
dem Szenariotransfer. In der Szenarioentwicklung werden
die eigentlichen Szenarien entworfen (passive Funktion),
wahrend in der Transferphase die Konsequenzen fiir die
heute zu treffenden Entscheidungen abgeleitet werden (ak-
tive Funktion). Einige Szenarioprojekte fokussieren auf den
ersten bzw. auf den zweiten Teil. Die als Backcasting be-

5 Den Ausdruck ,,methodisches Chaos* hat Martelli (2001) gepragt.

5 Folgende Autoren bemiihen sich um eine Typologisierung: Bishop
et al. (2007), Bradfield et al. (2005), Borjeson, Hojer, Dreborg, Ek-
vall, & Finnveden (2006), Fink, Schlake, & Siebe (2001), Geschka &
Hammer (1997), Mietzner & Reger (2004), Zirni (2004), van Notten,
Rotmans, van Asselt, & Rothman (2003) und Voros (2006).

" Weitere Informationen zur Herkunft des Wortes Szenario finden
sich bei Gétze (1993), Meyer-Schénherr (1992) und bei von Reibnitz
(1992).

@ Springer

zeichnete Methode legt den Schwerpunkt auf den zweiten
Teil: Bei dieser speziellen Szenariotechnik konfrontiert man
das Szenarioteam mit einem vorbereiteten Szenario und
fragt explizit nach moglichen Konsequenzen fiir die heutige
Entscheidung.®® Die beiden Phasen werden je nach Autor
in weitere Schritte untergliedert. Hier soll kurz der Dresd-
ner Szenarioansatz dargestellt werden der auf Bishop et al.
(2007) basiert.?® Im ersten Schritt wird das Ziel des Sze-
narioprojektes festgelegt. In der Umfeldanalyse werden die
Treiber und EinflussgroBRen identifiziert und priorisiert. In
der Szenarioentwicklung werden schlieRlich die Szenarien
erstellt. Aus diesen werden anschliefend mogliche Visionen
abgeleitet, aus denen im ndchsten Schritt Handlungserfor-
dernisse deduziert werden. Im letzten Schritt werden die zu
treffenden MalRnahmen umgesetzt. Wahrend des gesamten
Prozesses wird immer wieder kontrolliert, inwiefern die
einzelnen Schritte und Entscheidungen mit dem Anfangs

8 Backcastingexperiment: Stellen Sie sich vor, im New York des Jahres
2050 leben Gber 20 Mal so viele Einwohner wie heute. Diese miissen
jedoch mit einer gleichbleibenden Trinkwassermenge auskommen.
Welche Konsequenzen hétte dies fir die Wasserversorgungstechnolo-
gien? Eventuell wiirden Sie bei diesem Gedankenspiel an geschlos-
sene Wasserkreislaufe, eine 0,5-Liter Dusche, oder das 1.000 Liter
Hochhaus als mégliche technische Antwortoptionen kommen. Diese
kreativen Losungen wirden in einer auf der Vergangenheit bzw. aktu-
ellen Entwicklungen basierenden Planung vermutlich zu spat oder gar
nicht diskutiert.

° Unter Szenariotechnik sollen hier bestimmte Techniken verstanden
werden, die den Szenarioplaner bei der Szenarioentwicklung oder
beim Szenariotranfer unterstiitzen. Einen Uberblick iiber verschiedene
Szenariotechniken gibt Bishop, Hines, & Collins (2007).

2 In der deutschen Betriebswirtschaftslehre wird haufig der Ansatz
von Geschka & Hammer (1997) verwendet. Ein anschaulich darge-
stellter Szenarioansatz findet sich auch bei Gausemeier, Fink, & Schla-
ke (1995). Eine Ubersicht tiber die Vielzahl verschiedener Szenarioan-
satze geben Nowack & Guenther (2009).
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definierten Ziel tbereinstimmen oder ob Anpassungen not-
wendig sind.

Nachdem die Szenarioplanung kurz vorgestellt wurde,
sollen nun die Anforderungen seitens des IWRM an die Sze-
narioplanung herausgearbeitet werden.

Das Integrierte Wasserressourcenmanagement

Als Leitkonzept der Wasserbewirtschaftung hat sich das
integrierte Wasserressourcenmanagement als allgemein
anerkanntes Prinzip in der Bewirtschaftung von Wasserres-
sourcen durchgesetzt. Das IRWM wird vom Global Water
Partnership (GWP) wie folgt definiert:

,,IWRM stellt einen Prozess dar, der die koordinierte
Entwicklung und Bewirtschaftung von Wasser, Land
und damit verbundene Ressourcen férdert, um das
sich daraus ergebende wirtschaftliche und soziale
Gemeinwohl auf gerechte Weise zu maximieren, ohne
dabei die Nachhaltigkeit der vitalen Okosysteme zu
gefahrden. (GWP 2000)

Zur Konkretisierung des IWRM wurden die vier Dublin-
Prinzipien formuliert. Diese sind Ergebnis eines internatio-
nalen Verhandlungsprozesses auf UN-Ebene und wurden
schlieRlich auf der Internationalen Konferenz fur Wasser
und Umwelt 1992 in Dublin verabschiedet. Anschlieend

wurden sie bei der Formulierung der Agenda 21 (Kapitel 18)

auf dem UN-Gipfel in Rio beriicksichtigt.
Die vier Dublin-Rio-Prinzipien sind:

1. Frischwasser ist eine endliche und vulnerable Ressource,
die absolut notwendig ist fiir Leben, Entwicklung und die
Umwelt.

2. Wasserbewirtschaftung und Planung sollten auf einem
partizipativen Ansatz basieren, der Nutzer, Planer und
Entscheidungstrager aller Ebenen einschlief3t.

3. Frauen spielen eine entscheidende Rolle bei der Vertei-
lung, dem Management und dem Schutz von Wasser.

4. Wasser hat einen wirtschaftlichen Wert in allen seinen
konkurrierenden Nutzungsarten und sollte als ékonomi-
schen Gut betrachtet werden.

Aus der Konkretisierung der Dublin-Rio-Prinzipien der

Global Water Partnership (2000, S. 14) kénnen folgende

Herausforderungen fur das IWRM abgeleitet werden:

» Notwendigkeit einer aktiven Partizipation der Stakehol-
der, z.B. der Ober- und Unterlieger oder der verschiede-
nen Nutzergruppen.

» Notwendigkeit einer Integration verschiedenster Ins-
titutionen und Akteure mit unterschiedlichen Interessen,
Zielen und aus unterschiedlichsten Disziplinen.

» Notwendigkeit mit einem hohen Grad an Komplexi-
tat umgehen zu kdénnen, z.B. verursacht durch den ho-

hen Grad an Interdependenzen zwischen den natlrlichen
Ressourcen und der Komplexitdt des hydrologischen
Systems an sich.

« Notwendigkeit einer nachhaltigen Betrachtung, die
den wahren Wert des Wassers (inkl. externe Effekte) und
langfristige Anderungen in den Rahmenbedingungen
(z.B. Klimawandel und demografischer Wandel) beriick-
sichtigt.*

Die Szenarioplanung bietet sich an, um als strategisches

Planungsinstrument fiir das IWRM sowohl auf Organisa-

tions-, als auch auf Verbands-, Wassereinzugsgebiets- auf

nationaler oder internationaler Ebene eingesetzt zu werden.

Alcamo (2008) beschreibt u.a. folgende Funktionen von

Szenarien, welche die Eignung der Szenarioplanung fiir das

IWRM unterstreichen:?

e Szenarien kdnnen einerseits den zukinftigen Zustand der
Umwelt beschreiben, wenn keine politischen GegenmaR-
nahmen getroffen werden und so Handlungsbedarf auf-
zeigen (passive Funktion).

e Szenarien kdnnen andererseits alternative Pfade be-
schreiben und so die Effektivitdt von Politikmanahmen
aufzeigen (aktive Funktion).

Dabei sind folgende Auspragungen von besonderer Bedeu-

tung:

e Szenarien konnen einen interdisziplinaren Rahmen fir
die Analyse komplexer Umweltprobleme und Lésungen
fur die Probleme aufzeigen (Interdisziplindre Integrati-
onsfunktion).

e Szenarien kdnnen niitzlich bei der Organisation, Darstel-
lung und Kommunikation komplexer Informationen sein
(Vereinfachungsfunktion).

» Szenarien kdnnen ein Bewusstsein flr neue oder an Be-
deutung zunehmende Umweltprobleme schaffen sowie
fur deren Interdependenz (Kommunikationsfunktion).

e Szenarien bieten Anspruchsgruppen eine Mdglichkeit,
sich aktiv zu beteiligen (Partizipationsfunktion).

Zur Bewadltigung der Herausforderungen des IWRM kénnen

Szenarien einen wichtigen Beitrag leisten. Denn sie sind da-

rauf ausgerichtet, mit einen hohen Grad an Komplexitat um-

zugehen und diesen entsprechend fir alle Anspruchsgrup-
pen verstandlich darzustellen. So erleichtern sie die Ziele
der Partizipation und Integration im IWRM. Des Weiteren
kdénnen Szenarien eine nachhaltige und langfristige Be-
trachtungsweise der Probleme im IWRM ermdglichen. Die

Maoglichkeiten der Szenarioplanung im IWRM werden in

Tabelle 1 zusammenfassend dargestellt.

Die Mdglichkeiten der Szenarioplanung fiir das IWRM
werden auch deutlich, wenn die bereits durchgefiihrten Sze-

1 Abgeleitet aus den Verdffentlichungen von UN-Water & Global Wa-
ter Partnership (2007) und Global Water Partnership Technical Com-
mittee (TEC) (2009).

2 \Weitere Funktionen beschreibt Wiek, Binder & Scholz (2006).
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Tabelle 1 Die Funktionen
der Szenarioplanung
im Wasserbereich

Herausforderungen Madglichkeiten der Szenarioplanung
des IWRM

.

Partizipation Szenarien erleichtern die Integration verschiedenster Sichtweisen und Meinun-
gen. Je mehr Aspekte bei der Szenarioentwicklung einflieen, desto wertvoller
werden die Szenarien.

Durch die Reduzierung der Komplexitat kdnnen komplexe Sachverhalte leichter

an die Anspruchsgruppen weitervermittelt werden.

Integration « Szenarien ermdglichen die Zusammenarbeit liber Fachgrenzen hinweg.
¢ Szenarien kdnnen bei der Ausbildung eines gemeinsamen Mind Models hilfreich
sein.
Komplexitat « Szenarien kénnen sehr komplexe Sachverhalte einfach darstellen und erleichtern

auf diese Weise, die richtige Entscheidung zu treffen.

Durch die Beschreibung der Zukunft kénnen z. B. externe Effekte verdeutlicht
werden (passive Funktion),

sowie die Losungsoptionen aufgezeigt werden (aktive Funktion).

Langfristigkeit

Tabelle 2 Szenariostudien im Wasserbereich

Name der Studie Jahr  Herausgeber Ziel Bedeutung des Wassers

World Water Vision 2000 World Commission Ziel der World Water Vision Studie ist es, auf Basis eines Wasser als bedrohte
on Water partizipativen Prozesses den Zustand der weltweiten Ressource
Wasserressourcen zu diagnostizieren und deren Bedro-
hung aufzuzeigen sowie daraus entsprechende Hand-
lungsempfehlungen abzuleiten.
World water and 2001 International Food An Hand der Darstellung verschiedener Politikansdatze ~ Wasser als determinierende
food to 2025 Policy Research Institute wollen die Verfasser der Studie die Interdependenzen der Ressource fiir die Nah-
Ressource Wasser und einer sicheren Nahrungsmittelver- rungsmittelsicherheit
sorgung aufzeigen.

Millennium Eco- 2005  Millennium Ecosystem Das Millennium Ecosystem Assessment wurde durchge- ~ Wasser als ein gefahrdeter
system Assessment Assessment fiihrt, um die Konsequenzen der Veranderungen der Oko- Lebensraum unter mehreren
Scenarios: findings systeme zu bewerten und deren Folgen fiir die Menschen

of the Scenarios aufzuzeigen sowie die wissenschaftliche Grundlage fir die

Ableitung entsprechender Gegenmalinahmen zu schaffen.
Global International 2006  United Nations Environ- Ziel von GIWA ist es, eine systematische und verstandli- Wasser als Konfliktfaktor
Waters Assessment mental Programme che globale Bewertung internationaler grenziberschrei-  und gefahrdete Ressource
(GIWA) tender Gewaésser zu schaffen, die es ermdglicht, eine

entsprechende Strategie fir die Global Environmental

Facility (GEF) und andere Institutionen abzuleiten.

Business in the 2006  World Business Council Ziel der Szenariostudie ist es, die wichtigsten Herausfor-  Wasserproblematik als be-
World of Water- for Sustainable Deve-  derungen und Einflussfaktoren im Zusammenhang mit der deutender Herausforderung
WBCSD water lopment Wiasserproblematik verstandlich fur die Teilnehmer aufzu- fiir die Wirtschaft
Scenarios to 2025 arbeiten, ein zwischen den Unternehmern und Stakholdern

gemeinsames Verstandnis zur Problematik zu entwicklen
und effektive Businessldsungen zu unterstitzen.
Water for Food, 2007  International Water Ziel der Studie ist es, notwendige Handlungsoptionen im Wasser als elementare
Water for Life Management Institute  Hinblick auf ein effizientes Wassermanagement in der ~ Ressource in der Landwirt-
Landwirtschaft zur sicheren Nahrungsmittelversorgung  schaft
aufzuzeigen.
Global environment 2007  United Nations Environ- Der Global Environment Outlook 4 bewertet die Ande- ~ Wasser als essenzielle Res-
outlook 4 mental Programme rungen der Umweltmedien Atmosphare, Land, Wasser  source fir die Entwicklung
und der Biodiversitét und stellt die Konsequenzen fur die
menschliche Entwicklung dar.

Environmental 2008  Organisation for Ziel des Environmental Outlook 2030 ist, darzustellen ~ Wasserknappheit als ein
Outlook to 2030 Economic Cooperation  wie 6konomische und soziale Entwicklungen Einfluss auf Kernproblem neben Klima-
and Development die Umwelt nehmen und welche politischen Manahmen wandel, Biodiversitat und

notwendig sind, diesen Herausforderungen entgegen- den Gesundheitsfolgen der
zutreten. Umweltverschmutzung

Water Scenarios Start  Européische Union Das SCENES-Projekt will verstandliche Szenarien zum  Wasserproblematik als

for Europe and for 2006 6. Forschungsrahmen-  Zustand der Frischwasserressourcen Europas und angren- bedeutender Herausforde-

Neighbouring States programm zender Regionen im Jahr 2025 entwickeln und damit als  rung fur die Européische

(SCENES) strategische Entscheidungsgrundlage dienen. Gemeinschaft
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narioprojekte im Wasserbereich betrachtet werden. In Ta-
belle 2 sind die bedeutendsten Szenariostudien im globalen
Wasserbereich dargestellt.®

Die Kommunikations- und Vereinfachungsfunktion wird
besonders gut deutlich anhand der Szenariostudie des World
Business Council for Sustainable Development (WBCSD).
Ziel der Szenariostudie des WBCSD ist es, den Teilnehmern
der Szenarioworkshops die wichtigsten Herausforderungen
im Wasserbereich verstandlich zu machen, damit diese ge-
meinsam mit den teilnehmenden Anspruchsgruppen ein ge-
meinsames Problembewusstsein schaffen und entsprechende
Losungen entwickeln kdnnen. Die in Tabelle 2 aufgelisteten
globalen Studien integrieren sowohl die passive als auch die
aktive Funktion. Inshesondere in der World Water Vision
Szenariostudie werden sowohl die Herausforderungen deut-
lich herausgearbeitet als auch mogliche Handlungsoptionen
aufgezeigt. Die Vereinfachungs- und Integrationsfunktion
bekommt insbesondere bei Studien eine besondere Bedeu-
tung, an denen mehrere Tausend Personen beteiligt waren,
wie zum Beispiel am Millennium Ecosystem Assessment.

Wie aus den vorangegangenen Uberlegungen deutlich wird,
ist die Szenarioplanung als strategisches Planungsinstrument
fur das IWRM sehr gut geeignet. Dabei ist zu unterstreichen,
dass dies nicht nur fur die globale Ebene gilt, sondern auch fir
die Ebene des Wassereinzugsgebietes oder fiir die betriebliche
Ebene. Auf diesen Ebenen kdnnen globale oder nationale Stu-
dien in Form einer Szenariokaskade integriert werden. Dies
muss jedoch in Hinblick auf die zur Verfligung stehenden
Ressourcen genau geplant werden. Je weniger Ressourcen
zur Verfiigung stehen und je kleiner der Bezugsrahmen wird,
desto bedeutender werden die weicheren Funktionen der
Szenarien wie die Kommunikationsfunktion. Komplexe Mo-
dellrechnungen sind dahingegen auf dieser Ebene nicht not-
wendig. Grundsétzlich besteht die Herausforderung darin, aus
der Vielzahl an mdglichen Szenariotechniken die geeigneten
und in der jeweils richtigen Kombination auszuwahlen. Ange-
sichts der enormen Herausforderungen, die in Zukunft auf das
IWRM zukommen, ist es unbedingt notwendig, verstarkt den
Blick in die Zukunft zu wagen. Die Szenarioplanung bietet
dazu einen vielversprechenden Rahmen.
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Der demografische Wandel
als Gebuihrentreiber in
der Siedlungsentwasserung

Ein Vergleich des Demografieeffektes mit Spar-, Betriebskosten-,

Kapitalkosten- und Industrieffekten

Abwasserbehandlung, Demografischer Wandel, Gebiihr, Prognose, Fixkosten

Martin Nowack, Sebastian John, Jens Tranckner und Edeltraud Glinther

Der demografische Wandel in Form einer sinkenden
Bevélkerungszahl (Demografieeffekt) und eines riick-
ldufigen Abwasseranfalls (Spareffekt) stellt die
Abwasserentsorger, neben technischen Aspekten,
auch vor eine wirtschaftliche Herausforderung. Die
langlebige und kapitalintensive Infrastruktur kann
nur in begrenztem Mafe an den demografischen
Wandel angepasst werden. Der hohe Fixkostenanteil
von 75-85 %, der auf weniger Einwohner umgelegt
werden muss, droht die Gebiihren entsprechend zu
erhéhen. Dieser Beitrag untersucht anhand von drei
Fallstudien, wie stark die Abwasserentsorger vom
demografischen Wandel betroffen sind und wie sich
die Gebiithrenbelastung der Haushalte aufgrund des
demografischen Wandels zu erhéhen droht. Neben
der Untersuchung der riickldufigen Bevélkerungs-
anzahl (Demografieeffekt) werden die Auswirkungen
eines riickldufigen hduslichen Schmutzwasseranfalls
(Spareffekt) und Verdnderungen des industriellen
Schmutzwasseranfalls (Industrieeffekt) sowie die
Entwicklung der Betriebs- und Kapitalkosten mit-
einander verglichen, um die wesentlichen Gebiihren-
treiber zu identifizieren.

1. Einfiihrung

1.1 Hintergrund

Die jungste 12. koordinierte Bevolkerungsvoraus-
berechnung des Statistischen Bundesamtes rechnet mit
einem Bevolkerungsriickgang in Deutschland von etwa
82 Millionen Einwohnern am Ende des Jahres 2008 auf
etwa 65 Millionen (Untergrenze der,,mittleren” Bevolke-
rung) beziehungsweise 70 Millionen (Obergrenze der
,mittleren” Bevolkerung) im Jahr 2060. Im Vergleich
zum Jahr 2008 entspricht dies einem Riickgang von
21% bzw. 15% [1].
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Demographic Change as Driver of Wastewater fees in
Urban Drainage Systems — A Comparison of Demogra-
phy, Water Saving, Maintenance Cost, Operating Cost
and Industry Effects

Decision makers in the wastewater industry face demo-
graphic changes in terms of a decreasing population
and a declining quantity of wastewater. This results in
technical hurdles and economic challenges. The eco-
nomic challenges are caused by the durable and capi-
tal intensive infrastructure that can only be adapted in
a very limited extent to the changing environment. The
fixed costs add up to 75-85 % of the total costs and
they have to be covered by a reduced number of fee-
payers, causing an increase of the wastewater fees per
capita. This article analyses three case studies for the
following questions: How strong a wastewater com-
pany is affected by demographic change? How will
their wastewater fees increase due to demographic
change? The article analyses beside the decreasing
number of inhabitants (demographic effect), the
impacts of decreasing water demand of the house-
holds (water saving effect) and of the industry (indus-
try effect) as well as the development of the future
operational expenditures (opex effect) and of the capi-
tal expenditures (capex effect) in order to compare the
different effects and to identify the decisive fee drivers.

Insbesondere die ostdeutschen Bundeslander hat-
ten bereits seit den 1990er Jahren einen deutlichen
Bevolkerungsriickgang zu verkraften (siehe Bild 1).
Ursache hierfir ist neben einem deutlichen Geburten-
defizit die seit den 1990er Jahren in den neuen Bun-
deslandern besonders ausgepragte Binnenwanderung
gen Westen. In Westdeutschland konnte das Gebur-
tendefizit bis dato durch entsprechende Wanderungs-
gewinne ausgeglichen werden. Bis zum Jahr 2020 wird
der Osten laut Prognosen bis auf wenige Wachs-
tumskerne weiter schrumpfen, ebenso wie einige



[Cumulative dissertation of Martin Nowack: Possibilities of scenario planning for sanitation organizations facing demographic change]

strukturschwache Regionen in Westdeutschland (siehe
Bild 2) [2].

Der Bevolkerungsriickgang hat Auswirkungen auf
die verschiedenen Bereiche der Infrastruktur. Im Abwas-
serbereich wird der Riickgang des Abwasseranfalls
durch die verringerte Bevolkerungszahl (demogra-
fischer Effekt) durch einen stark riicklaufigen Pro-Kopf-
Wasserverbrauch (Spareffekt) verstarkt. In der Vergan-
genheit hat der spezifische Wasserverbrauch bereits
stark abgenommen. Wahrend im Jahr 1987 in West-
deutschland je Einwohner und Tag 146 Liter Wasser
verbraucht wurden, sank dieser Wert fiir die gesamte
Bundesrepublik seit der Wende kontinuierlich von
144 Liter (1990) auf 122 Liter im Jahr 2007. Wiederum ist
diese Entwicklung in Ostdeutschland besonders stark
ausgepragt. Im Jahr 2007 lag die Wasserabgabe an
Haushalte und Kleingewerbe in den ostdeutschen Bun-
deslandern (inkl. Berlin) im Schnitt bei 96 Liter je Ein-
wohner und Tag. In Westdeutschland hingegen werden
im gleichen Jahr im Durchschnitt 30 Liter Wasser mehr
pro Tag und Kopf als in Ostdeutschland verbraucht.
Ganz besonders gering ist der séchsische Wasserver-
brauch mit 85 Litern pro Tag' [1]. Prognosen gehen von
einem weiteren Riickgang des Wasserverbrauchs aus.

Die Abwasserbetriebe stehen dariiber hinaus auch
vor der Herausforderung, dem zu erwartenden Sanie-
rungsbedarf gerecht zu werden. Die Ergebnisse der
ATV-DVWK-Umfrage 20042 ergaben, dass zum Zeit-
punkt der Studie rund 20% der 486 000 Kanalkilometer
kurz- bis mittelfristig sanierungsbedurftig sind [3]. Laut
DWA [4] wurden 2009 etwa 4,6 Milliarden Euro in der
Abwassersparte investiert. Darunter fallen jedoch auch
die Investitionen in Klaranlagen und Neubau. Wolf u.a.
[5] rechnen vor, dass bei schatzungsweise 1,64 Mrd.
Euro jahrlichen kanalspezifischen Sanierungsinvestitio-
nen die Kandle ein Alter von 400 Jahren erreichen miiss-
ten. Trotz der Bemiihungen nach der Wende, die Infra-
struktur in Ostdeutschland in Stand zu setzen, ist der
Anteil des Kanalnetzes, der vor 1980 gebaut wurde,
in den meisten ostdeutschen Bundeslandern sowie

' Eine mégliche Ursache hierfiir ist der Preisschock nach der
Wende. Viele Ostdeutsche zahlten bis zur Wende nur sehr
geringe Wassergebihren von rund 10 Pfennig pro Kubikmeter
und verbrauchten bis zu 300 Liter pro Einwohner und Tag [6].
Die Instandsetzung der ostdeutschen Abwasserinfrastruktur
lieB die Abwassergebiihren im Vergleich zu DDR-Zeiten stark
ansteigen. In den 1990er Jahren waren die Ostdeutschen ent-
sprechend sehr preissensibel und nutzten die Moglichkeit im
Haushaltsbereich, Renovierungen durchzufiihren, die bis dato
nicht moglich waren, z.B. der Einbau von Wasser sparenden
Sanitareinrichtungen und der Neukauf weier Ware. Schleich [7]
arbeitet als Hauptgriinde fiir den deutlichen Ost-West-Unter-
schied den in Ostdeutschland héheren Wasserpreis sowie das
geringere Pro-Kopf-Einkommen heraus.

~

Die Umfrage zum Zustand der Kanalisation wird zurzeit durch
den DWA wiederholt. Die bisherigen Ergebnisse sind von Berger
[3] veroffentlicht worden.
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Hessen und Hamburg immer noch vergleichsweise
hoch. Das bedeutet, dass in Ostdeutschland neben dem
demografischen Wandel auch mit zunehmendem
Sanierungsbedarf und damit auch mit steigenden Kapi-
talkosten3 zu rechnen ist.

1.2 Stand des Wissens

Die langlebige und kapitalintensive Infrastruktur der
Siedlungsentwasserung (Kandle 40-80 Jahre, Klaran-
lagen 20-35 Jahre) hindert die Abwasserbetriebe daran,
die bestehenden Systeme an die sich @ndernden Rah-
menbedingungen anzupassen. Die hohen Infrastruktur-
kosten werden Uiber deren gesamte zu erwartende Nut-
zungsdauer in Form von Abschreibungen periodisiert.
Die Abschreibungen sind entsprechend tber einen lan-
gen Zeitraum festgeschrieben und, ebenso wie die kal-
kulatorischen Zinsen, unabhéngig von der Menge des
gereinigten Abwassers oder der Anzahl der versorgten
Einwohner. Zu diesen Fixkosten kénnen neben den
kalkulatorischen Kosten je nach Interpretation auch
weitere Kosten, wie z.B. die Personalkosten gezéhlt
werden. Die Fixkosten betragen in der Abwasserent-
sorgung im Durchschnitt 75 bis 85% der gesamten
Kosten. Dementsprechend droht bei einem Bevol-
kerungsriickgang ein entsprechender Gebiihrenanstieg,
da anndhernd gleich bleibende Kosten auf weniger
Nutzer und entsprechend geringere Abwassermengen
umgelegt werden miissen [8].

Die Auswirkungen des demografischen Wandels auf
die Abwassergebiihren werden in einzelnen Veroffent-
lichungen bereits modellhaft analysiert [9-13]. Bei diesen
Modellrechnungen werden zum Teil nur die nétigsten
Parameter fir die Prognose der Gebiihren in Abhangig-
keit vom demografischen Wandel berticksichtigt, wie
z.B. der Bevolkerungsriickgang, der Anteil der Fixkosten
und die entsprechende Gebuhr pro Kubikmeter.

Einige Autoren sprechen im Zusammenhang mit
dem demografischen Wandel bereits von einem demo-
grafiebedingten Teufelskreis [14, 15]. Gemeint ist hier-
mit ein sich verstarkender Effekt aus einem Rlckgang
der Einnahmen, einem Anstieg der Betriebskosten und
einer sinkenden Wassernachfrage aufgrund der zuvor
gestiegenen Gebuhren. Lux [11] und Seitz [16] rlicken
die Bedeutung des hohen Fixkostenanteils in den Vor-
dergrund und sprechen von der Fixkostenfalle bzw. von
Kostenremanenz. Die Auswirkungen des ricklaufigen
Wasserbedarfs bzw. die Berlicksichtigung des demogra-
fischen Wandels in der Wasserbedarfsprognose wurden
zum Teil bereits diskutiert [17-23]. Wangenheim u.a. [24]
stellen ein erstes Gebulihrenprognoseverfahren vor, das

3 Unter Kapitalkosten wird hier der in der Wasserwirtschaft
tibliche Begriff fur die Zusammenfassung von kalkulatorischen
Abschreibungen und kalkulatorischen Zinsen synonym zu
Investitionskosten verwendet. Vergleiche auch Merkblatt ATV-
DVWK-M 803 Kostenstrukturen in der Abwassertechnik.
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auf das optimale Verhaltnis von Gebiihren und Bei-
tragen fokussiert, gehen jedoch nicht auf den demogra-
fischen Wandel als Gebuhrentreiber ein. Die Berticksich-
tigung des demografischen Wandels, eines riickgan-
gigen Abwasseranfalls und die gleichzeitige Verbindung
mit einer Prognose der Betriebs- und Kapitalkosten sind
methodisch neu.

1.3 Ziel der Arbeit
Ziel des Beitrags ist, die Auswirkungen des demogra-
fischen Wandels als Treiber der Gebihrenbelastung
der Haushalte zu analysieren und von anderen Gebiih-
rentreibern zu differenzieren und mit diesen zu ver-
gleichen. Als weitere GebuUhrentreiber werden der
ricklaufige hausliche Abwasseranfall (Spareffekt), eine
Verédnderung des industriellen Schmutzwasseranfalls
(Industrieeffekt) sowie Anderungen der Betriebs-
(Betriebskosteneffekt) und Kapitalkosten (Kapitalkos-
teneffekt) untersucht.. Dazu wurde ein Gebihrenprog-
noseverfahren entwickelt, das eine Geblhrenprognose
fuir einen Zeitraum von 10 bis 15 Jahren erméglicht. Das
Gebiihrenprognoseverfahren wurde in drei Fallstudien
in Gladbeck, Bautzen und beim Abwasserzweckverband
(AZV) Spreequellen getestet.
Aus Betreibersicht stellen sich die folgenden drei
Forschungsfragen:
1. Um wie viel Prozent steigen die Abwassergebiihren
bis zum Jahr 2020 insgesamt?
2. Welchen Anteil haben der demografische Wandel
bzw. andere Effekte an der Gebiihrenerhéhung?
3. Wie sensibel reagiert die Geblhrenbelastung der
Haushalte, wenn der demografische Wandel
(oder andere Annahmen) starker oder schwacher
eintreten als angenommen?

2. Methoden und Vorgehensweise

Die drei Forschungsfragen wurden mithilfe des ent-
wickelten Gebuhrenprognoseverfahrens fiir die drei
Betreiber beantwortet. Die Ergebnisse aus den drei
Fallstudien werden in diesem Artikel vorgestellt. Die
Analyse besteht aus drei Schritten.

Die Beantwortung der ersten Forschungsfrage ,Um
wie viel Prozent steigen die Abwassergebihren bis zum
Jahr 2020 insgesamt?” ist Ziel der Bruttoprognose. In
diesem ersten Analyseschritt ist eine moglichst realis-
tische Prognose der Abwassergebiihrenbelastung der
Haushalte des Jahres 2020 zu erstellen. Dazu werden in
der Bruttoprognose die Ausgangsdaten gemeinsam mit
dem Abwasserentsorger in ein Datenerfassungsblatt
eingetragen und entsprechend individuelle Annahmen
zu den zukulinftigen Entwicklungen der einzelnen Para-
meter getroffen. Als Eingangsparameter werden neben
den demografischen Daten sowohl der hdusliche als
auch der industrielle Schmutzwasseranfall sowie die
Betriebs- und Kapitalkosten und das Gebihren-
erhebungsverfahren beriicksichtigt.
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Fur die Bevolkerungsprognosen werden Daten der
Bertelsmann-Stiftung, der statistischen Amter oder indi-
viduelle Bevolkerungsprognosen der jeweiligen Stadte
bzw. Betreiber verwendet. Der industrielle und hédus-
liche Schmutzwasseranfall ergibt sich aus den Jahres-
verbrauchsabrechnungen. Die Betriebskosten werden
mithilfe der jeweiligen Betreiber in das Datenerfas-
sungsblatt eingetragen. Hierbei wird die zukinftige
Kostenentwicklung fir jede Kostenart (z.B. Materialien,
Personal, Energie, Leistungen Dritter, Abwasserabgabe,
Reststoffentsorgung) individuell auf Basis der Erfah-
rungswerte der Betreiber prognostiziert. Die Analyse
basiert dabei auf noch detaillierteren Angaben zu den
einzelnen Kostenarten, diese konnen hier jedoch nicht
im Einzelnen dargestellt werden. Die Prognose der
Materialien wurde zum Beispiel auf Betreiberebene in
weitere Unterposten (Kraftsfahrzeugstoffe, Chemi-
kalien, andere Verbrauchsguter) aufgegliedert. In der
Prognoserechnung wird jeweils fiir jeden Unterposten
der Kostenanteil spezifiziert, der bezliglich der Abwas-
sermenge variabel ist. Aus Griinden der Darstellbarkeit
werden hier sémtliche Betriebskosten unter einer
Kategorie zusammengefasst.

Die Kapitalkosten sind ebenfalls zusammengefasst
und bestehen aus den kalkulatorische Zinsen und den
kalkulatorischen Abschreibungen. Die Datengrundlage
fuir die Prognose der beiden Kostenarten basiert auf den
jahrlich veranschlagten kalkulatorischen Zinsen und
Abschreibungen sowie auf individuellen Annahmen
bezlglich ihrer zukinftigen Entwicklung. Die Prognose
der Kapitalkosten wird ebenfalls mithilfe der Betreiber
vor Ort prognostiziert, somit kdnnen individuelle Inves-
titionsstrategien und Erfahrungen implizit berticksich-
tigt werden. Sowohl die Betriebs- als auch die Kapital-
kosten abzuglich nicht gebihrenféhiger Posten werden
daraufhin mithilfe der prognostizierten Abwasser-

menge sowie eines fiir jede Kostenart individuell
festlegbaren jdhrlichen Preissteigerungsniveaus pro-
gnostiziert.

In der Gebihrenprognose wird nach den Vorgaben
des Kommunalabgabengesetzes (KAG) vorgegangen
und die umlagefahigen Kosten direkt auf die Geblhren
umgelegt. Von Anderungen des KAG oder sich dndern-
den Rahmenbedingungen wird abstrahiert. Einen Uber-
blick Gber die Eingangsdaten und den Berechnungs-
ablauf gibt Bild 3.

Im zweiten Schritt, der Nettoprognose, werden die
einzelnen ursachlichen Effekte des in der Bruttopro-
gnose nachgewiesenen Gebuhrenanstiegs isoliert von-
einander betrachtet, um die zweite Forschungsfrage zu
beantworten: Welchen Anteil haben der demografische
Wandel bzw. andere Effekte an den Anstiegen der
Gebiihrenbelastungen pro Haushalt? In der Nettopro-
gnose wird zwischen den Auswirkungen der sinkenden
Bevolkerungsanzahl (demografischer Effekt), des riick-
ldufigen hauslichen Abwasseranfalls (Spareffekt), des
ricklaufigen industriellen Abwasseranfalls (Industrie-
effekt), der Entwicklung der Betriebskosten (Betriebs-
kosteneffekt) sowie der Kapitalkosten (Kapitalkosten-
effekt) auf die Gebuihrenbelastung der Haushalte diffe-
renziert. Fiir die Nettoprognose werden cetris paribus
jeweils nur die zu analysierenden Parameter beriicksich-
tigt und zwar in Héhe der getroffenen Annahme der
Betreiber. Beispielsweise hat zur Untersuchung des
Demografieeffektes in Bautzen nur die Annahme zum
Bevolkerungsriickgang in Bautzen von 3,2% einen Ein-
fluss auf das Endergebnis, alle anderen Parameter, wie
die Entwicklung der Kapital- oder Betriebskosten oder
die Verdnderung der spezifischen Abwassermenge, wer-
den auf dem Niveau von 2009 fortgeschrieben. Fir die
Untersuchung des Demografieeffektes im AZV Spree-
quellen und in Gladbeck wurden entsprechend die

Bild 3.
Ubersicht
Gebiihren-
prognose.
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spezifischen Annahmen zur Bevolkerungsentwicklung
aus Gladbeck (-7,3%) und dem AZV Spreequellen
(-7,6%) verwendet. Da nur die bedeutendsten Effekte
betrachtet wurden und sich die Effekte zum Teil gegen-
seitig beeinflussen, kdnnen die einzelnen Nettoeffekte
nicht zu den Ergebnissen der Bruttoprognose aufsum-
miert werden. Zudem werden in der Bruttoprognose
noch weitere Effekte beriicksichtigt, wie zum Beispiel
die Verdnderung der HaushaltsgroBe und der Anschluss-
grad, die dampfend auf die Gebihrenbelastung der
Haushalte wirken. Die Ergebnisse illustrieren jedoch die
Richtung und Stérke der einzelnen Effekte sehr gut.

Fur die Beantwortung der dritten Forschungsfrage
wird eine Sensitivitatsanalyse durchgefiihrt. Im Rahmen
dieser Analyse werden mégliche Anderungen in den
Annahmen der Fallstudienpartner variiert, um dem
hohen Grad an Unsicherheit solcher Prognosen gerecht
zu werden und die Auswirkungen moglicher Varia-
tionen in den Annahmen sichtbar zu machen. Ebenso
wie in der Nettoprognose, werden die Ubrigen Para-
meter auf dem Niveau von 2009 fortgeschrieben. Zum
Beispiel geht der AZV Spreequellen von keiner weiteren
Reduzierung des spezifischen Abwasseranfalls (Spar-
effekt) aus. In der Sensitivitatsanalyse wird untersucht,
um wie viel Prozent sich die GebUhrenbelastung der
Haushalte andert, wenn der spezifische Abwasseranfall
sich um +£1% bis +20% andert. In der Sensitivitdts-
analyse werden neben den Annahmen bzgl. des spezi-
fischen Schmutzwasseranfalls (Spareffekt) weiterhin die
Annahmen bzgl. des industriellen Schmutzwasser-
anfalls (Industrieeffekt) sowie des demografischen
Wandels (Demografieeffekt), der Kapitalkosten (Kapital-
kosteneffekt) und der Betriebskosten (Betriebskosten-
effekt)* variiert. Die Sensitivitatsanalyse ist somit der
Nettoprognose dhnlich, allerdings arbeitet sie mit fes-
ten prozentualen Verdanderungen.

Die Ergebnisse der Prognose werden sowohl in
Gebuhren pro Kubikmeter (siehe Formel 1) als auch in
Form der durchschnittlichen Gebihrenbelastung pro
Haushalt (Formel 2) dargestellt. Haufig werden Geblih-
renvergleiche ausschlie8lich auf Basis der Kubikmeter-
preise oder anhand eines bundesdeutschen Muster-
haushaltes durchgefiihrt [25, 26]. Dabei werden jedoch
die unterschiedlichen Gebuhrenerhebungsverfahren
(Grund- und Regenwassergeblihr) nicht beriicksichtigt
und  unterschiedliche  Pro-Kopf-Wasserverbrauche
ignoriert.

Abwassergebuhr pro m3 =
(Schmutzwasserkosten-Grundgebiihreneinnahmen) )
Schmutzwassermengen

4 Im Gegensatz zur Nettoprognose wird in der Sensitivitéts-
analyse aus technischen Griinden von einer fiir alle Kostenarten
(Energie, Personal etc.) einheitlichen Verdnderungsrate aus-
gegangen.
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Gebihrenbelastung pro HH =
(Abwassergebiihr pro m? x
spez. Schmutzwassermenge +

(Grundgebiihreneinnahmen)
Einwohneranzahl)

% HaushaltsgroBe (2)

3. Ergebnisse

3.1 Annahmen und Eingangsparameter flir die
Prognose

Grundvoraussetzung fiir die Auswahl der Fallstudien
war die Betroffenheit vom demografischen Wandel. Alle
drei Fallstudienpartner sind vom demografischen Wan-
del im Prognosezeitraum 2009-2020 betroffens. Glad-
beck muss sich auf einen Bevolkerungsriickgang von
7,3% einstellen. Der AZV Spreequellen rechnet mit
einem Rilickgang von 7,6%, Bautzen mit einem Rick-
gang von 3,2%.° Leicht abgedampft werden kann der
Bevolkerungsriickgang durch eine Erhohung des
Anschlussgrades. Im AZV Spreequellen wird eine Erho-
hung des Anschlussgrades von 93% auf 94,5% und in
Bautzen von 98 % auf 99 % angestrebt, wahrend in Glad-
beck keine weitere Erhohung des Anschlussgrades
geplant ist (siehe auch Tabelle 1).

Die zuvor beschriebenen Ost-West-Unterschiede im
Wasserverbrauch spiegeln sich auch in den drei Fall-
studien wider. Wahrend Bautzen und der AZV Spree-
quellen von etwa 24 bzw. 32 m® pro Einwohner und Jahr
an Schmutzwasseranfall ausgehen, fallen in Gladbeck
45 m’ pro Einwohner an. In Bautzen wird davon ausge-
gangen, dass der ohnehin niedrige Schmutzwasser-
anfall sich nur um weitere 1,3% bis 2020 reduziert. Im
AZV Spreequellen wird mit keinem weiteren Rlickgang
gerechnet. In Gladbeck hingegen stellt man sich auf
einen Riickgang von 16,3% ein. Beziiglich des indus-
triellen Schmutzwasseranfalls wurde fiir den AZV Spree-
quellen die Annahme getroffen, dass dieser sich in
Zukunft nicht verandern wird. In Bautzen wird mit einer
leichten Abnahme des industriellen Schmutzwasser-
anfalls von 3,8% im Prognosezeitraum 2009-2020
gerechnet. In Gladbeck wird aufgrund des Strukturwan-
dels von einem Riickgang des industriellen Schmutz-
wasseranfalls von 9,8 % ausgegangen.

Der sich aus den getroffenen Annahmen zu den
Betriebskosten ergebende Anteil der Fixkosten” belauft
sich auf 95% in Gladbeck und im AZV Spreequellen und

5 Damit sind die drei Fallstudien maBig stark vom demogra-
fischen Wandel betroffen, wenn sie zum Beispiel mit Hoyers-
werda verglichen werden, das sich laut Bertelsmann Stiftung
auf einen Bevolkerungsriickgang von tber 26% im Zeitraum
2006-2020 einstellen muss.

6 In Bautzen wurde auf Daten des Statistischen Landesamtes, in
Gladbeck auf Daten des stadtischen Statistikbeauftragten und
beim AZV Spreequellen auf Daten des Statistischen Landes-
amtes sowie auf eigene Annahmen zuriickgegriffen.

7 Genauer genommen handelt es sich um Kosten, die nicht von
der Abwassermenge abhangig sind.
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Tabelle 1. Annahmen und Eingangsparameter fiir die Bruttoprognose.

Betreiber Gladbeck Bautzen AZV Spreequellen

Jahr 2009 2020 Anderung 2009 2020 Anderung 2009 2020 Anderung
in % in % in %

Einwohner (E) 76771 71200 -7,3% 41172 39847 -32% 14400 13300 -7,6%

Personen pro Haushalt 2,6 2,5 -3,8% 1,88 1,84 -2,1% 4,51 4,10 -9,1%

Anschlussgrad 0,99 0,99 0,0% 0,98 0,99 1.1% 93,04 % 94,48 % 1.5%

Spez. Abwasseranfall 45,83 41,36 -9,8% 24,47 24,15 -1,3% 32,00 32,00 0,0%

in m*/E/Jahr

in L/E/Tag 125,6 113,3 -9,8% 67,0 66,2 -1,3% 87,7 87,7 0,0%

Industrieller Schmutz- 750000 676875 -9,8% 767353 738235 -3,8% 13463 13463 0,0%

wasseranfall in m?

Hauslicher Schmutz- 3482925 | 2915239 -16,3% 983830 923344 -6,1% 428736 402112 -6,2%

wasseranfall in m*

Investitionskosten 5504252 | 7196279 30,7 % 1953102 | 1953102 0,0% 868400 915000 5,4%

in Euro

Betriebskosten 6256160 | 9556497 53% 3163541 3835270 21% 1197434 | 1525365 27%

in Euro

auf 89% in Bautzen. Die Kapitalkosten entwickeln sich
in Abhangigkeit von der gewahlten Investitionsstrate-
gie. Die hier betrachteten Betreiber verfolgen unter-
schiedliche Investitionsstrategien. In Gladbeck steigen
die Kapitalkosten im Prognosezeitraum um fast 40%. In
Bautzen wird von einem konstanten Verlauf der Kapital-
kosten ausgegangen und im AZV Spreequellen von
einem leichten Anstieg von etwas mehr als 5% bis zum
Jahr 2020.

Die Gebiihrenerhebungsverfahren der drei Fallstudi-
enpartner weisen folgende Unterschiede auf: Bautzen
erhebt ausschlief8lich eine verbrauchsabhéngige
Gebihr. Gladbeck stellt sowohl eine verbrauchsab-
hangige Gebuhr als auch Regenwassergebiihren in
Rechnung. Der AZV Spreequellen wendet ebenfalls den
Splittingmalstab an und erhebt zusatzlich eine Grund-
gebihr in Abhédngigkeit von der AnschlussgroBe.®

3.2 Ergebnisse der Bruttoprognose

Basierend auf den betreiberspezifischen Annahmen
wurde die Bruttoprognose durchgefiihrt, d.h. eine még-
lichst realistische Prognose unter Berlcksichtigung
samtlicher Einflussfaktoren inkl. der Entwicklung der
Betriebs- und Kapitalkosten, um eine Antwort auf die

8 Im hier verwendeten Gebuihrenprognoseverfahren werden die
Entwicklungen bei den Regenwasser- und Grundgebiihren
ebenfalls modelliert und flieBen auch in die Prognose ein. Sie
werden hier jedoch nicht weiter diskutiert.

erste Forschungsfrage geben zu kdnnen: Um wie viel
Prozent steigen die Abwassergebihren bis zum Jahr
20207 In Bild 4 sind die Ergebnisse dieser Bruttopro-
gnose dargestellt.®

Die Bruttoprognose zeigt, dass tatsachlich mit emp-
findlichen Geblhrenanstiegen bei allen drei Betreibern
zu rechnen ist. Die Geblhrenbelastung der Haushalte
steigt im Zeitraum 2009-2020 in Gladbeck um 50%, in

©

Auf die Darstellung der Kostendaten wird an dieser Stelle ver-
zichtet. Die Prognose der Kostendaten ist jedoch in dem Gebiih-
renprognoseverfahren integriert und flieBt in die Ergebnisse mit
ein.

80%
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Bild 4. Prozentualer Anstieg der Gebiihren-
belastung pro Haushalt (2009-2020).
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Bautzen um 20% und im AZV Spreequellen um 18%.
Die Gebihren pro Kubikmeter steigen in Gladbeck um
73% und im AZV Spreequellen um 32 % und in Bautzen
um 24 % an. Aufféllig ist die hohe Differenz zwischen
der Entwicklung der Haushaltsbelastung einerseits und
den Gebuhren pro Kubikmeter andererseits bei den
beiden Betreibern in Gladbeck und im AZV Spree-
quellen. In Bautzen hingegen fllt im Vergleich zu den
beiden anderen Betreibern die Differenz aufféllig gering
aus. Ursache hierfiir sind die unterschiedlichen Gebiih-
renerhebungsverfahren und unterschiedliche Haus-
haltsgréBen. In Bautzen wird ausschlief3lich eine men-
genabhangige Abwassergebiihr erhoben, das bedeu-
tet, dass Anderungen 1:1 in die Abwassergebiihr pro
Kubikmeter einflieBen, wohingegen in Gladbeck und im
AZV Spreequellen noch zusatzliche, vom Wasserver-
brauch unabhdngige, Gebiihrenbestandteile hinzu-
kommen. In Gladbeck werden neben den Kubikmeter-
gebuhren auch Gebihren fiir die versiegelten Flachen
(gesplitteter Gebuhrenmal3stab) erhoben und in Zittau
werden zusatzlich Grundgebiihren erhoben. Fraglich ist
nun, was die Ursachen fiir die empfindlichen Gebiihren-
erhéhungen im Einzelnen sind. Dazu wird im nédchsten
Schritt die Nettoprognose durchgefiihrt.

3.3 Ergebnisse der Nettoprognose

Die Nettoprognose untersucht den Einfluss des demo-
grafischen Wandels bzw. anderer Effekte auf die stei-
gende Gebihrenbelastung der Haushalte. Als weitere
Gebiihren beeinflussende Effekte werden neben dem
reinen Bevolkerungsriickgang (Demografieeffekt) und
dem Rickgang des hduslichen Abwasseranfalls (Spar-
effekt) auch die Entwicklung der Betriebskosten
(Betriebskosteneffekt) und die Entwicklung der Kapital-
kosten (Kapitalkosteneffekt) betrachtet. Die Ergebnisse
fiir alle Effekte im Uberblick sind in Bild 5 dargestellt. Im
Folgenden werden die Ergebnisse der einzelnen Effekte
kurz diskutiert.

30%

25%

25%
20% 17
= Betriebskosteneffekt
15% + = Kapitalkosteneffekt
= Demografieeffekt
10% +1 ® Industrieeffekt
= Spareffekt
5% 59
5% I 3%
2% 1
N . 0% 0%
0%

Gladbeck Bautzen AZV Spreequellen

Bild 5. Verdnderung der Gebiihrenbelastung pro Haushalt
(2009-2020).
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3.3.1 Demografieeffekt

Die Auswirkungen des demografischen Wandels auf die
Abwassergebiihren flihren in Form eines reinen Bevol-
kerungsriickganges bei einer Fortschreibung der tbri-
gen Annahmen auf dem Niveau von 2009 zu einem
leichten Anstieg der Abwassergebiihren pro Kubikme-
ter. Durch die durch den Bevélkerungsriickgang verur-
sachte Abnahme der Abwassermenge und durch den
damit verbundenen Riickgang der variablen Kosten
kommt es teilweise sogar zu minimalen Einsparungen
(<1%) bei den Betriebskosten. Dieses Ergebnis beruht
auf den Annahmen der Betreiber, dass mogliche techni-
sche Probleme aufgrund des demografischen Wandels
wie eine Zunahme der Spulintervalle etc. im Rahmen
der Ublichen Wartungsarbeiten behoben werden kon-
nen und damit keine steigenden Betriebskosten verur-
sachen. Insgesamt flihrt die kleiner werdende Bevolke-
rungszahl (-7,3%) in Gladbeck zu einem Anstieg der
Gebiihrenbelastung der Haushalte um 6 %. In Bautzen
rechnet man mit einem Riickgang der Bevdlkerung um
3,2%, der fir einen Anstieg der Haushaltsbelastung um
3% verantwortlich ist. Der Bevolkerungsriickgang im
AZV Spreequellen um 7,6% fiihrt zu einer steigenden
Belastung der Haushalte um 59%. Der demografische
Effekt schlagt nicht ganz 1:1 auf die Haushaltsbelas-
tung durch, da die variablen Betriebskosten vom Demo-
grafieeffekt beeinflusst werden und leicht sinken.

3.3.2 Spareffekt

Der Spareffekt berlcksichtigt ausschlieBlich die Annah-
men der Betreiber zum spezifischen Abwasseranfall. Im
AZV Spreequellen wurde die Annahme getroffen, dass
es zu keinem weiteren Riickgang des spezifischen
Abwasseranfalls kommt. Entsprechend hat der Sparef-
fekt im AZV Spreequellen keine Auswirkungen. Der
riicklaufige spezifische Wasserverbrauch in Gladbeck
(9,8 %) und in Bautzen (-1,3 %) fiihrt bei Konstanz aller
Ubrigen Annahmen zwar zu steigenden Kubikmeter-
gebihren von jeweils 8,3% bzw. 0,7 %, die Geblhren-
belastung pro Haushalt nimmt jedoch um 2% in Glad-
beck bzw. 1% in Bautzen ab. Dieses Ergebnis diffe-
renziert bisherige Aussagen, z.B. von Leist [27, S. 174],
dass Wassersparen auch zu hoheren Haushaltsbelas-
tungen fuhrt. Ursdchlich fur die hier nachgewiesene
sinkende Haushaltsbelastung ist, dass der Schmutz-
wasseranteil der Industrie laut Annahme konstant
bleibt. Bei steigenden Kubikmetergebihren fiihrt dies
dazu, dass die Industrie einen entsprechend gréBeren
Teil der Gebiihrenbelastung zu tragen hat, wahrend die
Haushalte durch eine Reduzierung der verbrauchten
Menge ihre Gesamtbelastung reduzieren kénnen. Nur
wenn das industrielle Schmutzwasser in einem stér-
keren Verhdltnis als das hausliche Schmutzwasser
abnimmt, kommt es auch zu steigenden Haushalts-
belastungen durch Wassersparen. In den bisherigen ver-
offentlichten Modellrechnungen (siehe Kapitel 1.2
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Stand des Wissens) wurde der industrielle Schmutz-
wasseranteil nicht beriicksichtigt.

3.3.3 Industrieeffekt

Im Gegensatz zum zuvor beschriebenen Spareffekt, in
dem Verdnderungen des hduslichen Abwasseranfalls
untersucht werden, beschreibt der Industrieeffekt die
Auswirkungen eines veranderten industriellen Abwas-
seranfalls. In Gladbeck reduziert sich der industrielle
Abwasseranfall um 9,8% und verursacht damit einen
Anstieg der Gebuhrenbelastung der Haushalte im Jahr
2020 von 2% im Vergleich zum Jahr 2009. In Bautzen
wird mit einer Abnahme des industriellen Schmutzwas-
seranfalls von 767000 m’ auf 738000 m* um 3,8%
gerechnet. Dies flihrt zu einem Anstieg der Haushalts-
belastung in Bautzen von etwa 1%. Im AZV Spreequel-
len wird mit keiner Verdnderung des industriellen
Schmutzwasseranfalls gerechnet, entsprechend kommt
es zu keinen Veranderungen der Haushaltsbelastungen.

3.3.4 Betriebskosteneffekt

Bei Fortschreibung samtlicher Annahmen, bis auf die
Entwicklung der Betriebskosten, auf dem Niveau von
2009 zeigt sich, dass der Anstieg der Betriebskosten zu
einem Anstieg der Gebulhrenbelastung der Haushalte
um 29% in Gladbeck, um 19% in Bautzen und um 26 %
beim AZV Spreequellen fiihrt. Damit ist die Entwicklung
der Betriebskosten der bedeutendste Gebihrentreiber
in allen drei Fallstudien. Im Vergleich zum Bevolkerungs-
riickgang flieBt der Betriebskosteneffekt mit jahrlich
etwa 0,5%-3 % pro Jahr je nach Kostenart in die Gebiih-
renberechnung ein, wohingegen der demografische
Wandel mit -0,29 % bzw. -0,69 % pro Jahr ein vergleichs-
weise moderater Gebiihrentreiber ist. Insbesondere die
Steigerung der Personalkosten trégt mit einem bedeu-
tenden Anteil zum Anstieg der Betriebskosten bei. Die
Energiekosten weisen ebenfalls eine deutliche Steige-
rung auf. Die Energiekostenanteile an den Gesamtkos-
ten sind jedoch bei den drei Betreibern relativ gering.

3.3.5 Kapitalkosteneffekt

In der Nettoprognose werden die Auswirkungen der
unterschiedlichen Investitionsstrategien bzw. Bewer-
tungsverfahren der drei Betreiber deutlich. In Bautzen
wird ein budgetarer Ansatz verfolgt und die Kapital-
kosten in Zukunft auf konstantem Niveau gehalten. In
Gladbeck wird mit einem jahrlichen Anstieg der Kapital-
kosten (kalk. Anschreibungen und Zinsen) von 2,5%
gerechnet.'® Im AZV Spreequellen wird von einem
Anstieg der Kapitalkosten von 0,49% pro Jahr ausge-
gangen."" Da Kapitalkosten bei den drei Betreibern
etwa 30%-40% der gebiihrenfahigen Kosten ausma-
chen, hat deren Entwicklung einen entsprechend gro-
Ben Einfluss auf die Entwicklung der Gebiihren. Dem-
entsprechend kommt es bei der Nettoprognose des
Kapitalkosteneffektes zu einem leichten Anstieg der
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Bild 6. Verdnderung der Gebiihrenbelastung der
Haushalte (2009-2020).

Gebihrenbelastung der Haushalte von 5% im AZV
Spreequellen und zu einem Anstieg von 18% in Glad-
beck. In Gladbeck steigt damit der Anteil der Kapitalkos-
ten an den Gesamtkosten von 42% auf 48% bis zum
Jahr 2020. In Bautzen und im AZV Spreequellen bleibt
der Anteil an den Gesamtkosten nahezu konstant.

3.4 Ergebnisse der Sensitivitdtsanalyse

Um zu untersuchen, welche Annahmen bei mdglichen
Fehleinschatzungen zu den groften Abweichungen
fiihren wirden, wurden fiir die drei Betreiber Sensiti-
vitatsanalysen durchgefiihrt. Die Ergebnisse werden
exemplarisch am Fallbeispiel Gladbeck illustriert, da sich
bei allen drei Fallstudien gleiche Verldufe ergaben.

Die Steigung der Kurvenverldufe gibt Aufschluss
Uber den Grad der Sensitivitat. Je sensibler die Gebh-
renbelastungen der Haushalte auf Verdnderungen der
Annahmen reagieren, desto steiler verlduft die Kurve.
Eine nahezu waagerecht verlaufende Kurve wirde auf
den sehr geringen Einfluss des Effektes auf das End-
ergebnis hinweisen. Wie in Bild 6 dargestellt, ergibt die
Variation der Annahmen des Demografieeffektes die

steilste Kurve. Eine Variation der Annahmen des Betriebs- orginalausgabe

kosteneffektes und des Kapitalkosteneeffektes fiihrt

10 |n Gladbeck werden die Abschreibungen (3,5% jahrlicher
Anstieg) auf Basis von Wiederbeschaffungszeitwerten kalkuliert.
Damit werden implizit erwartete Preissteigerungen z.B. bei
Sanierungsarbeiten berticksichtigt, um in Zukunft real genu-
gend Finanzmittel zur Instandhaltung der Infrastruktur zur
Verfigung zu haben. Vor dem Hintergrund eines nicht ausge-
glichenen Haushaltes ist Gladbeck verpflichtet, seine Beitrdge
und Gebiihren nach den héchstmdéglichen zuldssigen Anséatzen
des KAG NRW zu erheben.

Je nach Hohe der Inflation stehen in Bautzen und im AZV-Spree-
quellen in Zukunft real sinkende Mittel zur Instandhaltung zur
Verfigung.

=hé=Betriebskosteneffekt

= Kapitalkosteneffekt
Demografieeffekt

efi=Spareffekt

@=@=|ndustrieeffekt

Erratum:  Die beiden letzten
Satze auf dieser Seite
wurde im Vergleich zur GWF-
angeandert
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auchzu sehr starken Anderungen der Gebiihrenbe-
lastung der Haushalte bis zum Jahr 2020. Die Annah-
men bzgl. des Spareffektes und des Industrieeffektes
weisen einen etwas flacheren Verlauf auf. Alle finf
untersuchten Effekte reagieren damit sehr sensibel auf
mogliche Variationen der Annahmen.

4. Zusammenfassung und Diskussion

Wie sich in den hier vorgestellten Fallstudien gezeigt
hat, droht es in Zukunft bei allen drei Betreibern zu
einem empfindlichen Anstieg der Gebuhrenbelas-
tungen der Haushalte zu kommen. Die durchschnittli-
chen jahrlichen Anstiege der Gebiihrenbelastungen der
Haushalte im AZV Spreequellen und Bautzen bleiben
jedoch noch unterhalb von 1,9% und in Gladbeck unter
4,2%. Im Vergleich zu anderen Infrastrukturdienstleis-
tungen, wie z.B. der Energieversorgung, kdnnen die
Anstiege im AZV Spreequellen und Bautzen als moderat
bezeichnet werden. Wie in der Nettoprognose gezeigt
wurde, ist die in Gladbeck in Zukunft vergleichsweise
hohe Gebiihrenbelastung vor allem auf die geplante
Investitionstatigkeit und die Bewertung nach Wie-
derbeschaffungszeitwerten zurtickzufiihren. Gladbeck
berlicksichtigt damit zu erwartende Preissteigerungen,
die auch die zukiinftige Investitionstatigkeit betreffen
wird. Die Entscheidung, ob nach Wiederbeschaffungs-
zeitwert oder Anschaffungswert bewertet wird, ist
somit eine strategisch-politische Entscheidung, ob die
Gebuhrenstabilitat oder die technische Instandhaltung
im Vordergrund stehen soll.

In der Nettoprognose wurden die Auswirkungen des
demografischen Wandels auf die Abwassergebihren,
isoliert von anderen Einflussgréen, analysiert und mit
diesen verglichen. Wie sich gezeigt hat, fiihrt der Rlck-
gang der Bevodlkerung zu einem Anstieg der Gebiihren
fast im Verhaltnis 1:1. Als der wesentliche Treiber der
Gebiihrenbelastung der Haushalte hat sich die Ent-
wicklung der Betriebskosten (insbesondere bei Personal
und Energie) herausgestellt. In diesem Zusammenhang
ist der Begriff der Fixkostenproblematik zu hinterfragen.
Vielmehr misste von einem Fixkostenvorteil gespro-
chen werden, da der hohe Fixkostenanteil déampfend
auf die stark Gebiihren treibenden Betriebskosten wirkt.
Wie sich in den drei Fallstudien gezeigt hat, ist jedoch
der Demografieeffekt, in dessen Zusammenhang der
Begriff hauptsachlich genutzt wird, beinahe zu vernach-
ldssigen. Die Entwicklung der Betriebskosten und die
Investitionsstrategie haben einen signifikant starkeren
Einfluss auf die Haushaltsbelastungen als der Demo-
grafieeffekt.

Positiv auf die Gebihrenbelastung der Haushalte
wirkt sich unter den getroffenen Annahmen das Wasser-
sparen der Haushalte aus. Eine Reduzierung des spezi-
fischen Abwasseranfalls erhéht zwar die Kubikmeter-
preise, die Gebihrenbelastung der Haushalte kann
jedoch zulasten der Industrie gesenkt werden.
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Die Gefahr von méglichen Teufelskreisen, die priméar
durch den demografischen Wandel verursacht werden,
und zu einer nicht mehr steuerbaren Kostenspirale
fihren, konnte in den drei Fallstudien nicht festgestellt
werden. Dies liegt zum einen an dem sich hier positiv
auswirkenden Spareffekt und zum anderen an der Tat-
sache, dass alle drei Betreiber mogliche technische
Beeintrachtigungen, die durch den demografischen
Wandel verursacht wurden, im Rahmen der ublichen
Instandhaltungsarbeiten bewadltigen konnten. Ange-
sichts der hohen Relevanz der Kapitalkosten bzw. der
zukiinftigen Investitionsstrategie ist es ratsam, die vor-
handenen Anlagegiiter und deren zukiinftige Instand-
haltung und den Ausbau entsprechend zu steuern, z.B.
in Form einer entsprechenden Sanierungsstrategie.

Die mit den getroffenen Annahmen verbundene
Unsicherheit wurde mithilfe der Sensitivitatsanalyse
herausgearbeitet. Diese hat gezeigt, dass insbesondere
Anderungen in den Annahmen beziiglich der Betriebs-
und Kapitalkosten sowie zur Entwicklung der Einwoh-
neranzahl (Demografieeffekt) zu sehr starken Ande-
rungen des Endergebnisses flihren wiirden. Daher ist es
ratsam, die in der Prognose getroffenen Annahmen
regelmaBig zu hinterfragen und zu aktualisieren. Insbe-
sondere vor dem Hintergrund, dass sich in den kom-
menden Dekaden der demografische Wandel weiter
verstarken wird, ist ein standiges Controlling der ent-
sprechenden Gré3en, z.B. auf Basis des Gebiihrenprog-
noseverfahrens, zu empfehlen.

Ergdnzende Angaben

Das dem Artikel zugrunde liegende Gebiihrenprognoseverfahren wurde am
Lehrstuhl fiir Betriebswirtschaftslehre, inshesondere Betriebliche Umwelt-
okonomie, an der Technischen Universitat Dresden in Zusammenarbeit mit
dem Institut fiir Siedlungs- und Industriewasserwirtschaft (ebenfalls TU
Dresden) im Rahmen des Projektes ,Auswirkungen des demografischen
Wandels auf die Siedlungsentwasserung” entwickelt. Finanziert wurde das
Projekt vom Bundesministerium fiir Bildung und Forschung (FKZ: 02WA0918),
vom Séchsischen Ministerium fiir Umwelt und Landwirtschaft, vom Séch-
sischen Landesamt fiir Umwelt und Geologie und von der Emschergenossen-
schaft. Fiir die finanzielle Unterstiitzung mdchten wir uns an dieser Stelle
recht herzlich bedanken. Ganz besonders bedanken mdchten wir uns fiir die
gute Zusammenarbeit mit den drei Praxispartnern: dem Abwasserbetrieb
Bautzen, der Siid-Oberlausitzer Wasserversorgungs- und Abwasserent-
sorgungsgesellschaft mbH (SOWAG) und der Stadt Gladbeck.
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WISU-KOMPAKT

OKOLOGIE UND

WIRTSCHAFT

Die Umweltgefdhrdung verlangt schnelle und nach-
haltige MaBnahmen. Hier werden Instrumente vor-
gestellt, die zur Erhaltung der natiirlichen Umwelt
beitragen.

Nachhaltige
Unternehmensfiihrung
mit der Delphi-Methode

W ie sich die Delphi-Methode bei der nachhaltigen
Unternehmensflihrung einsetzen ldsst, wird am
Beispiel der Abwasserwirtschaft verdeutlicht. Die
Abwasserwirtschaft sammelt, transportiert und be-
handelt Abwasser und entsorgt die Reststoffe um-
weltgerecht. Das Abwasser kann aus dem hduslichen
und industriellen Sanitédrbereich sowie aus der
Grundstiicksentwdasserung stammen. Flr diese Auf-
gaben unterhélt die Abwasserwirtschaft ein komple-
xes Infrastruktursystem. Neben Kanélen, Pum-
penwerken und Kldranlagen werden auch Regenent-
lastungsbauwerke benétigt.

Planungshorizonte, Fixkosten
und demografische Entwicklung

Ein GroBteil dieser Infrastruktur, allen voran die Ka-
néle, haben eine sehr lange Nutzungsdauer von teil-
weise Uber 100 Jahren (Abb. 1). Annahmen zu ihrer
GréBe und den Abwassermengen missen also (iber
mehrere Jahrzehnte im voraus getroffen werden.
Dies macht es den Entscheidungstrdgern schwer, auf
sich verdndernde Rahmenbedingungen wie den Kili-
mawandel, den demografischen Wandel oder neue
Schadstoffe, etwa Medikamentenriickstdnde, zu re-
agieren. Dies wird auch an der aktuellen Diskussion
Uber die Folgen des demografischen Wandels bei
den Abwassergebuihren deutlich (vgl. Nowack et al.).

V. 4

Ainderungen in den soxialen,
Bkologischen und

Skonomischen
Rahmenbedingungen

A\ Kanalnets
Ll Bauwerke der Schlammbehandiung
 Bauwerke der Abwasserbehandiung

St —

::

[ (= Teil der der

| | pumpen in Baverpumpwerken

! : 1ahre
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Abb. 1: Zeithorizonte der Planung

Wegen des hohen Anteils an Fixkosten (Abb. 2) kénn-
ten sich bei sinkender Bevdlkerung die Abwasser-
geblhren erhdhen. Fixkosten werden als die Kosten
definiert, die bei geringerer Produktionsmenge bzw.
Bevélkerungszahl nicht zuriickgehen. In der Abwas-
serwirtschaft sind dies vor allem die Abschreibun-
gen, die Zinsen und bis zu einem gewissen Grad (je
nach Kindbarkeit und Personalpolitik) auch die Per-
sonalkosten. In Ostdeutschland wurden nach der
Wende viele Abwasseranlagen fiir gréBere und zum
Teil auch steigende Bevdlkerungszahlen geplant. Die
Betreiber sehen sich jedoch einer sinkenden Bevél-
kerung gegenuber. Ein Rickbau oder eine Verkleine-
rung der Kandle ist nicht ohne weiteres mdglich.

‘Sonstige
18%

Unterhaltung S, = v
6%

Abwasserabgabe
3%

Abfallentsorgung =
3%

Energie &
Material
6%

Abb. 2: Kostenstrukturen in der Abwasserwirtschaft

Das Beispiel macht deutlich, dass sich die Abwasser-
wirtschaft friihzeitig auf verdnderte Rahmenbedin-
gungen einstellen muss. Die zentralen Kernindikato-
ren wie die Einwohnerzahl und der Abwasserver-
brauch stehen bereits unter Beobachtung. Wie kén-
nen jedoch alle denkbaren Verdnderungen, von neu-
en gesetzlichen Rahmenbedingungen bis zu bislang
gézlich unbekannten Schadstoffen, ermittelt und be-
wertet werden?

Delphi-Methode

Eine Lésung verspricht die Delphi-Methode (vgl.
Gulnther/Endrikat, S. 202), die 1963 im Auftrag der
US-Airforce von der RAND-Corporation entwickelt
wurde. Dabei werden Experten mehrfach anonym
befragt, wodurch die negativen Seiten von Gruppen-
diskussionen vermieden werden sollen. Die Experten
kénnen die anonymisierten Antworten der anderen
Befragten einsehen und ihre eigene Meinung erldu-
tern oder ggf. revidieren. Das Feedback erfolgt hdufig
in Form von statistischen Auswertungen (Mittelwer-
te, Quartilsverteilungen,).

Beim Forschungsprojekt ,,Auswirkungen des demo-
grafischen Wandels auf die Siedlungsentwésserung“
(www.demowas.de) wurde die Delphi-Methode mit
dem Ziel eingesetzt, die wesentlichen Herausforde-
rungen bei der Siedlungsentwésserung bis zum Jahr
2050 zu ermitteln. Bei der DEMOWAS-Delphi-Me-
thode gab es zundchst zwei Runden:

- 1. Delphi-Runde: Hier wurden ca. 20 teilstruktu-
rierte Interviews mit ausgewdhlten Experten aus
Wissenschaft, Forschung und Praxis durchgefihrt.
Die Interviews wurden schriftlich festgehalten, an-
schlieBend ausgewertet und zusammengefasst. Bei
den 6kologischen Herausforderungen wurden
z.B. diese Themen einbezogen:

e Klimawandel: Er flihrt zu hdufiger auftreten-
dem Starkregen und Trockenperioden.

* Neue Schadstoffe: Nanopartikel, Bakterien
und Viren, Medikamentenriickstdnde und
Hormone, Schwermetalle.

Mit den Ergebnissen der 1. Delphi-Runde liegen
den Teilnehmern der 2. Delphi-Runde nicht nur
bisherige Beitrdge, sondern bereits eine mégliche
Struktur der Inhalte vor.

2. Delphi-Runde: Die Ergebnisse der Synthese
der ersten Runde wurden den Experten in der
zweiten Delphi-Runde zur Kommentierung und Er-
gédnzung vorgelegt. Dies beruhte auf dem Online-
Diskussionsforum. Die Experten erhielten dariiber
hinaus die Méglichkeit, weitere Experten zu be-
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nennen, die ebenfalls an der Delphi-Umfrage teil-
nehmen sollten. .

3. Delphi-Runde (Variante): Ublicherweise wer-
den die Experten in einer anschlieBenden Runde
gebeten, die Herausforderungen, etwa im Hinblick
auf ihre Bedeutung fir die Abwasserwirtschaft, ih-
ren Eintrittszeitpunkt und auf mdgliche Konse-
quenzen hin, zu bewerten. Die Ergebnisse lassen
sich mithilfe von Roadmaps (Abb. 3) anschaulich

darstellen.
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Abb. 3: Technologie-Roadmap am Beispiel
von Arzneimittelriickstdnden

Szenarioentwicklung

Um dem bei Zukunftsstudien hohen Grad an Unsi-
cherheit und den vielen von den Experten genannten
Herausforderungen gerecht zu werden, wurden die
wichtigsten Entwicklungen beim DEMOWAS-Pro-
jekt in Szenarien zusammengefasst (vgl. Ginther/No-
wack). Anhand dieser Szenarien konnten die Ent-
scheidungstrdger der Abwasserwirtschaft verschie-
dene Strategien entwickeln, wie sie die Herausforde-
rungen meistern wollen.

Die Erfahrungen mit der Delphi-Methode beim DE-
MOWAS-Projekt haben gezeigt, dass sie nur gezielt
eingesetzt werden sollte. Besonders geeignet er-

scheint sie, wenn mdgliche zuklinftige Stérereignisse
bzw. Herausforderungen identifiziert werden sollen,
die bislang nur am Rande bzw. noch gar nicht in wis-
senschaftlichen Zeitschriften, Konferenzen oder Fo-
ren diskutiert wurden. Die Anonymitét der Delphi-
Methode spielt bei der Ermittlung sog. schwacher Si-
gnale eine besondere Rolle. Der Experte muss keine
Kritik seitens anderer Experten befirchten, wenn er
unkonventionelle Ideen auBert.

Der Aufwand, der mit einer Delphi-Studie verbunden
ist, sollte jedoch nicht unterschétzt werden. Sie eig-
net sich deshalb weniger fir kleine und mittlere
Unternehmen, ist jedoch Verbdnden, Ministerien und
Forschungseinrichtungen bei Technologieprognosen
zu empfehlen (vgl. Sartorius/Klobasa; BMBF). Letzt-
lich kébnnen nur dann nachhaltige Entscheidungen
getroffen werden, wenn sich die Verantwortlichen al-
ler Optionen bewusst sind. Die Delphi-Methode er-
mdglicht es, diese Optionen zu ermitteln.

Prof. Dr. Edeltraud Ginther/
Dipl.-Volksw. Martin Nowack, Dresden
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ten. Frontends helfen, die Informationen eingéngig dar-
zustellen und ermdglichen eine einfache Navigation bei
weiterfiihrenden Analysen.

Perspektiven

Aus Akzeptanzgriinden und um sie sichtbar zu machen,
sollten die Ergebnisse der IS-gestitzten Friherkennung
in ein umfassendes Unternehmenssteuerungssystem in-
tegriert werden — eine wichtige Aufgabe fur die Wirt-
schaftsinformatik und das Controlling in den néchsten
Jahren. Die jungste Wirtschaftskrise machte deutlich,
dass eine Friherkennung von Risiken nicht nur ein The-
ma fir Banken und Versicherungen, sondern fir alle
Wirtschaftssektoren ist.

IS-gestitzte Friherkennungssysteme sind in erster Linie
darauf ausgerichtet, potenzielle Risiken aufzusptren.
Durch strengere Regulierungen wird dies in Zukunft noch
verstarkt. Allerdings darf die Suche nach Chancen (Er-
tragspotenzialen) dabei nicht aus dem Auge verloren
werden. Die IS-Unterstutzung bei der Friiherkennung
kann aber weder die Erfahrungen von Fiihrungskréften
noch die menschliche Intuition ersetzen, sondern sie —
insbesondere bei Routinetatigkeiten — nur unterstitzen.

Dr. Jérg H. Mayer, St. Gallen/
Neon Steinecke, BSc, Darmstadt
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1. Introduction

In order to develop meaningful scenarios, creative input concerning possible future trends and developments is crucial.
Herman Kahn, the father of modern scenario planning, underlined the importance of “thinking the unthinkable” in a significant
scenario study. “Blessed with high intelligence, an assertive personality and the research capabilities of the RAND Corporation,” he
could rely on genius forecasting [1]. But how can this foresight process be creative, credible and objective if one does not
possess Kahn's genius and resources? As MacKay and McKiernan [2] confirm, “For most participants, these activities demand that
they activate and utilize those artistic parts of the brain that normally lie dormant for long periods while they carry their daily
routines...” The Delphi technique itself is supposed to enhance creative thinking. According to Gupta and Clarke [3], it is “one of
the best known methods for dealing with open-ended and creative aspects of a problem because it motivates independent thought
and gradual formation of group solutions.” In this article, we assess the incorporation of expert knowledge via the Delphi
technique into scenario planning as a promising option. We do this to give recommendations on how a Delphi-based scenario
study should be designed to ensure the highest possible degree of quality. Therefore we address two research questions:

1. How can the Delphi technique enhance the quality of a scenario study?

The purpose here is to evaluate if a combination of the two methods is reasonable and contributes to a more effective scenario
study.

2. What is the span of possible design options in the existing body of Delphi-based scenario studies?
Developed for military purposes by the RAND Corporation in the U.S. during the Cold War, both methods date back more than 50 years.

Since then, several researchers have combined the two methods in very different ways. Therefore, a systematic research review that

* Corresponding author at: Technische Universitdt Dresden, Miinchnerplatz 1/3, 01062 Dresden, Germany. Tel.: +49 351 463 34313; fax: +49 351 463 37764.
E-mail address: ema@mailbox.tu-dresden.de (M. Nowack).

0040-1625/$ - see front matter © 2011 Elsevier Inc. All rights reserved.
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reflects the span of possible design options is needed. While the Delphi technique, in general, has been subject to several prior reviews
[3-7] as well as scenario planning [8-13], no review on the combination of the two methods has been conducted.

2. Materials and methods

We develop the answer of the first research question by giving a short overview on the main design elements of scenario planning and
the Delphi technique. Derived from the methodological literature, we present a generic scenario planning approach as well as the main
functions of the Delphi technique and show in which steps of the scenario planning approach each Delphi function can be integrated. The
impacts on the overall quality of scenarios will be discussed for each combination possibility. We do this based on quality criteria derived
from general scientific quality criteria. The design options (design elements and functions) are taken in the next step, the systematic
research review, as a basis.

To answer the second research question, we conduct a systematic research review and analyze the applied design options in
the identified Delphi-based scenario studies. The review is conducted according to Cooper [14] and Fink [15] in combination with a
content analysis approach [16].

We identified the relevant studies for the review by searching via the EBSCOhost interface the 12 databases of Academic Search
Complete, Business Source Complete, EconLit with Full Text, E-Journals, Historical Abstracts, International Political Science Abstracts,
Library, Information Science & Technology Abstracts, Literary Reference Center, MLA Directory of Periodicals, Risk Management Reference
Center and TOC Premier. We used all databases accessible to us and excluded those that were out of focus such as the American
Antiquarian Society (AAS) Historical Periodicals Collection Series 1 and 2, the ATLA Religion Database and the International Bibliography of

Table 1
Coding scheme.

Category Subcategory Question to answer Example
Study Author Who is the author of the study? Shiftan et al.
Year In which year was the study published? 2003
Focus of Time What is the time frame of the study? 30 years
the study Geographic What is the geographic focus of the study? Tel Aviv Metropolitan Area
Thematic What is the thematic focus of the study? Transport
Scenario Scenario goal What is the main goal of the scenario study? Predictive 4+ norm. (sustainability)
planning Range of future states How many scenarios are developed? 2
Presentation of How are the scenarios presented? Scenario sketch
scenarios
Discontinuity Does discontinuity (wildcards, etc.) play a role? No
Scenario logic What are the determining factors of the scenarios? Degree of probability & desirability
Delphi- Function of the Delphi Which Delphi functions are used? Idea generation; judgment; consolidation
Function technique
Delphi- Number of rounds How many rounds are conducted? 2
Iteration
Delphi- Number of invited How many experts are invited? 63
Experts experts
Number of responding How many experts joined the Delphi rounds? 1st: 28; 2nd: 18
experts
Selection of experts Is explicit criteria for the selection of experts mentioned? If No
yes, which?
Composition of the What is the actual composition of the Delphi panel? Typical stakeholders
Delphi panel
Level of expertise How is the level of expertise approved? Not specified
Delphi- Anonymity Is the whole Delphi process anonymous? If not, where is it  Not specified
Anonymity weakened?
Delphi- Questionnaire origin ~ Where does the questionnaire input come from? Deskwork; expert interviews
Questionnaire Open-ended Are open-ended, closed questions or both posed? Open-ended
questions
Focus of queries What is the focal point the questions? Probability; desirability
Medium How is the questionnaire transmitted to the participants? ~ Not specified
Possibility to Do the participants have the possibility to comment and Yes
comment complete their questionnaires?
Delphi- Feedback to experts Is feedback send back to the participants? Yes
Feedback Type of report to the ~ What kind of feedback is send back to the participants? Preliminary scenarios
experts
Consideration of Are the questionnaires modified based on the comments?  Yes
comments
Explanatory Can the participants (have to) explain their opinion if it Yes (possibility)
statements differs from the majority?
Possibility to revise Do the participants have the possibility to revise their Yes
the opinion opinion?
Statistical group Is a statistical group response provided? If yes, which? Yes, quantile-quantile plot, frequencies, mean ,
response median, standard deviation

Please cite this article as: M. Nowack, et al., Review of Delphi-based scenario studies: Quality and design considerations,
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Theatre & Dance database. By applying the search terms “scenario” and “delphi” to abstract, title, or topic, we identified 362 studies. We
completed the list with searches of Web of Science and Google Scholar as well as journal specific searches of Futures, Long Range Planning,
and Technological Forecasting and Social Change (TFS), which are the “home journals” [17] of scenario planning, foresight methods and the
Delphi technique.

We cleared the dataset of duplicates. Then we excluded purely methodological papers (e.g., Martino [18]) because our review focuses
on empirical studies that integrate the Delphi technique within scenario planning. Moreover, we excluded studies that use the word
scenario but do not have a clear foresight perspective as was the case with most of the medical studies, e.g., Endacott et al. [19]. We
identified fifteen studies that primarily focus on the Delphi technique and use the term scenario in a rather colloquial manner as a
synonym for Delphi theses. We categorized these studies as pure Delphi studies and excluded them from our analysis. Furthermore,
studies were excluded that did not provide sufficient information about the application of one of the methodologies of interest. For
example, Patdri [20] mentions the inclusion of future scenarios within the third round of the Delphi process but fails to describe the
scenarios in any further detail. In the end, we yielded a total set of 24 Delphi-based scenario studies to be included in our review. See Table
2 for an overview of the studies included in the review.

We analyzed the Delphi-based scenario studies by developing a coding scheme. To ensure reliability and validity of our review, we
followed Fink's [15] proposition of conducting a pilot test. The coding team was trained, and a pretest of the coding scheme was conducted
with ten studies. The coding scheme was modified and consolidated in accordance with the results of the pilot test. Following the rules of a
content analysis, the coding scheme and its categories and subcategories (see Table 1) were subsequently deducted from the key design
options of scenario planning and the Delphi technique as presented in Sections 3.1 and 3.2. as well as the different combination
possibilities. In Table 1, we provide an example of coding for one study.

The results of the review are presented and discussed in the combined results and discussion Section 4. Finally, by bringing
together the results of the review with the background worked out in Section 3, we will offer recommendations on how a Delphi-
based scenario study should be designed to ensure the highest possible degree of quality. This will be summarized in the
concluding section of the paper.

3. Methodological considerations
3.1. Key design options of scenario planning

The wide range of potential and actual applications of scenario planning adds to the confusion over the various ways of defining
related terms. The term scenario, for example, has numerous definitions [10,13,21,22]; however, for our purposes, we have adopted
the definition of the Intergovernmental Panel on Climate Change (IPCC): “A scenario is a coherent, internally consistent and plausible
description of a possible future state [of the analyzed system][...]. It is not a forecast; rather, each scenario is one alternative image of how the
future can unfold. A projection may serve as the raw material for a scenario, but scenarios often require additional information (e.g., about
baseline conditions). A set of scenarios is often adopted to reflect, as well as possible, the range of uncertainty in projections.” [23].

3.1.1. Key design elements of scenario planning

3.1.1.1. Scenario goal. Several authors categorize and synthesize the various types of scenarios [11,12,24]. Borjesson et al. [11]
differentiate the scenarios, and, based on their goal, they distinguish between predictive, explorative and normative scenarios.
Predictive scenarios are short-term oriented and seek to answer the question “What will happen?” The main objective of predictive
scenarios is to clarify how specific drivers will develop. Explorative scenarios aim to answer the question “What can happen?” They
focus on the identification of drivers and are frequently developed on the basis of rather qualitative information. Normative
scenarios assess how a specific target can be reached. We argue that this categorization is inconsistent because normative aspects
can be integrated either in predictive or in explorative scenarios in the scenario transfer phase of scenario planning (see Section
3.1.2).! Therefore, we exclude normative scenarios as a category from our analysis.

3.1.1.2. Range of future states. The main characteristic of scenario planning is its ability to capture a broad range of possible future
states by identifying trends and uncertainties. Developing a set of scenarios encourages decision makers to consider alternative
futures rather than to assume fixed circumstances [25]. The rationale for using scenarios is that some systems and their driving
forces are too complex to be modeled and predicted with certainty, even with improved models and increased resources [23,26].
Illustrating the uncertainty in a set of scenarios allows the planner to take it into account each decision. Thus, “...the objective
of scenario planning is to generate a set of scenarios that collectively bound the perceived range of possible futures” [27]. This is
comparable to preparing for a hiking tour in the mountains. One cannot know what the weather conditions will be; thus, one must
pack sunglasses, a raincoat, and a full set of winter equipment.

As a consequence, the number of scenarios needed to sufficiently plot the range of possible futures is an important design
decision. Developing only one scenario would constitute a prediction,”> which is contradictory to the philosophy of scenario

T This can be easily done in the scenario transfer phase in which a preferred future can be chosen.

2 One exception is a backcasting exercise in which preliminary scenarios are used and the scenario transfer is the main focus of the exercise. For such a
backcasting exercise one illustrative scenario might be sufficient. For example, the following scenario: “Imagine! Peking with ten times more inhabitants than today
but with the same amount of water and energy resources! What are the consequences for the lifestyle, water and energy management?
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planning, that is, to span a room of uncertainty. While “sometimes two scenarios are sufficient to bind this zone of possibilities” [28],
most scenario planning studies suggest there be three or four scenarios [26].

3.1.1.3. Scenario logic and presentation. The range of possible futures is determined by the differences between the scenarios. A set
of scenarios should be developed using a certain logic and will ensure, therefore, internal consistency. A frequently used scenario
logic is the matrix-logic. An illustrative example for this matrix-logic is the Millennium Ecosystem Assessment [29] or the
Intergovernmental Panel on Climate Change (IPCC) [23]. An alternative scenario-logic is one applied by Marcus [30] that is based
on a perspective-logic. The distinctive feature of these scenarios is the different points of view, which are adapted to the drama
genres of romance, tragedy and comedy,® from which the scenarios are presented.

The possibility of dealing with unforeseeable events such as terrorist attacks or pandemics (so-called wildcards), weak signals,
external shocks, or discontinuities is one of the main features of scenario planning. These unexpected events may have
probabilities of nearly zero, but if they do occur, they likely have an extremely high impact. These discontinuities can be accounted
for in scenario planning studies intended to enrich the scenario development by “thinking the unthinkable” [33].

Often scenarios are designated as “business as usual”, “worst case” or “best case”. While this can be a good starting point, it must
be implemented carefully. Sometimes scenarios are labeled “most probable” or “most unlikely”. The latter two scenarios reflect
highly subjective probability calculations. In such cases, the scenario planner risks encouraging the decision maker to focus only on
the most probable scenario while ignoring scenarios that would foil efforts to illustrate the full range of uncertainty. As determined
by Goodwin and Wright [27], Schnaars [26] and Millet [22], subjective probabilities of most probable scenarios can lead to
psychological biases. This has been widely researched and documented by other scholars [31,32].

3.1.2. Generic scenario approach

Scenarios should be embedded in a broader decision-making context. The process of scenario planning serves this function: it
includes the processes of developing scenarios and transferring the findings for the purpose of decision-making. The scenario planning
process, that is, the actual steps taken during a scenario planning project, should reflect this function. In the recent literature, each
author has his own approach and designates the steps to his preference. In addition, the number of steps involved varies considerably
(e.g., four steps in Phelps et al. [34] and ten steps in Linneman and Kenell [35]). Our argument is built upon the generic foresight
approach of Bishop et al. [24], who use six steps for a complete scenario planning study and include the two main phases of scenario
planning: scenario development (step 1-3) and scenario transfer (step 4-6). In the scenario development phase, the scenarist
visualizes different states of the future; in the scenario transfer phase, the consequences for today's decisions are derived. [36].

The generic scenario process consists of the following steps:

—

. Scenario development
1. Framing: The purpose of this step is to shape the project according to the attitude of the audience, the work environment,
the rationale, the purpose, the objectives, and the teams. The outcome of this step is a project plan.
2. Scanning: Here all relevant information about the system, history and context of the issue is collected. The product, at the
end of this step, is information about trends and drivers.
3. Forecasting: This step identifies the key drivers and uncertainties and it integrates them in a systematic manner within the
scenarios. The scenarios clarify the implications and outcomes.
II. Scenario transfer

4. Visioning: In the visioning phase, a strategy has to be worked out with respect to how to deal with future challenges. Based
on the scenarios, the consequences for today's decisions have to be drawn. Alternatively, a preferred future can be developed
as well as a strategy on how this future can be reached. In this step, normative aspects can be integrated. Depending on the
strategy, goals must be set and performance measures must be defined.

5. Implementing: The necessary resources must be organized, and the plan must be implemented and communicated.

6. Controlling®: Once the plan is implemented, fulfillment of the goals must be evaluated continuously. Furthermore, this
process should be iterative; if new information about the future becomes available or new challenges arise, the scenario
development should be repeated.

In our coding scheme (see Table 1), scenario planning is considered in four subcategories: scenario goal, range of future states,
scenario logic and presentation of scenarios.

3.2. Key design options of the Delphi technique

The Delphi technique, which is the main topic of this special issue,” is defined by Linestone and Turoff [37] 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.”

3 Other scenario logics or “archetypes” as cited in Alcamo [54] can be found in van Asselt et al. [86] and Tibbs [87].
4 This step differs from the generic scenario approach of Bishop et al. [24]. The original name of this step was “acting”.
5 Even if the Delphi technique is the main topic of this special issue, we have to elaborate on the method to deduct the coding categories for our review.
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3.2.1. Key design elements of the Delphi technique

The key design elements of the Delphi technique are anonymity, iteration, controlled feedback and participating experts®
[5,6,37]. In most Delphi studies (as identified in Gupta and Clarke [3] and Landeta [5]), a number of experts is each given an
anonymous questionnaire to answer questions concerning their field of expertise.

The most important argument for anonymity is the possibility to avoid negative impacts of group communication
processes similar to the “Bandwagon effect” [38]. In Delphi studies, controlled feedback is provided to the experts in the form
of quotes, summaries, median or mean statistics. The experts are then asked to comment on the responses of the other
experts, defend their own positions, develop new ideas and/or answer new questions introduced by the monitoring team. The
results are often presented as a statistical group response.

Iteration is especially important if the main purpose of the Delphi technique is to seek consensus as is the case in the
Classical Delphi. The Classical Delphi is similar to the Delphi studies that were prepared by the RAND Cooperation, and it has
been subject to severe criticism since the late 70's [39-41]. Due to the criticism, some modifications of the Delphi technique
have been suggested [42]. The Policy Delphi proposed by Turoff [43] seeks opposing views on the topic at hand. Kuusi and
Meyer [44] further developed the Policy Delphi into the Argument Delphi in which the arguments, collected in the precedent
Delphi questionnaire, are further discussed in groups. Tapio [42] as well as Rikkonen and Tapio [45] use a cluster analysis in
their Disaggregative Policy Delphi as a basis for the development of the scenarios.

Further adaptations of the Delphi technique affect the iteration and feedback. In a Real Time Delphi [17,46], the use of the
Internet and corresponding programming allows immediate feedback after the experts have answered the questionnaire via
web-based applications. Other experts are, thus, able to respond, comment, or argue immediately, which allows direct
feedback and almost infinite iteration.

3.2.2. Key functions of the Delphi technique

Héder and Hdder [47] differentiate between two main functions concerning the general character of the Delphi technique:
idea-generation and judgment function. In a pure idea-generation Delphi, the main objective is to identify a broad range of
possible views on a specific topic. The monitoring team mainly serves a moderating function and sends out open-ended
questions to the experts. The idea-generation function is typically used in a Policy Delphi.

In a pure judgment Delphi, the monitoring team has greater responsibility because it must select and formulate items that
will be evaluated by the experts; in a pure idea-generation Delphi, this task is explicitly delegated to the experts. The questions
are formulated in a closed manner and the importance, impact, time of occurrence, and the probability of occurrence of an
event are all evaluated by the experts. Pure judgment Delphi studies correspond to Classical Delphi studies.

Okoli and Pawlowski [48], based on Schmidt et al. [49], add a third function. They present three main process steps that reflect
the functions of Hdader and Hdder [47]: brainstorming, narrowing down, and ranking. Whereas brainstorming and ranking
correspond to the idea-generation function and the judgment function, respectively, the narrowing down phase describes an
additional function. Idea-generation Delphi studies, which also include an evaluation of the identified items, must consolidate the
range of ideas. This is often done by asking the experts to evaluate the importance of the identified items. We name this function
consolidation function and use it together with the idea-generation function and judgment function.

We have made each of these design options of the Delphi technique a category in our coding scheme (see Table 1).

3.3. Evaluation of combination possibilities of scenario planning and the Delphi technique

We now assess the incorporation of the Delphi technique into scenario planning. We show into which steps of the generic
scenario planning process each Delphi function can be integrated. A combination of the two methods is only recommended if it
improves the quality of the scenarios. To evaluate the quality, we develop scenario specific quality criteria derived from general
scientific quality criteria.

Several authors [25,50-54] discuss quality criteria for scenarios that consider the special characteristics of scenarios.
Schoemaker [25,51,55] and Alcamo [54] emphasize the particularity of scenarios and the importance of creativity within
scenario planning. We propose to consider the creative aspect of scenario planning and to assess the “scientific effort” using
general scientific quality criteria based on Miles and Huberman [56]. Our quality criteria for scenarios consist of the five
criteria: objectivity, credibility, legitimacy, transferability and creativity. Objectivity refers to possible biases caused by the
researcher. Credibility summarizes the scientific quality standards of internal validity and reliability, which can be ensured by a
triangulation of methods and data. Transferability, in the sense of external validity, assesses the relevance of the scenarios in a
broader context. Legitimacy evaluates scenarios from the perspective of the actual users, such as politicians or strategic
planners. Creativity judges the innovativeness and stimulant effect of the scenarios [57]. In the following, we use creativity,
objectivity, and credibility to assess the quality of Delphi-based scenarios because these criteria depend on established
methods and can be assessed for published articles.

5 The participating experts are not mentioned in the usual enumeration of Delphi elements, but they are necessary as constituting elements of a group.
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Fig. 1. Integration of the Delphi function within the generic scenario planning approach.

Based on key functions of the Delphi technique and the generic scenario planning approach presented above, we now propose
potential combinations’ of the two methods to answer the first research question: How can the Delphi technique enhance the
quality of a scenario study? We answer the question in terms of the derived criteria: creativity, credibility and objectivity. We
identified three steps in the generic scenario approach in which the integration of the Delphi functions is fruitful. See also Fig. 1.

3.3.1. Scanning phase

Experts can be incorporated into the scanning phase of scenario planning so that they may identify possible future trends and
challenges via the idea-generation function of the Delphi technique. This combination of the two methods allows increased
creativity by diversifying perspectives on the issue. The scenarist can use a significantly larger reservoir of ideas. Anonymity
facilitates the disclosure of weak signals and helps to identify discontinuities and to overcome threats of ineffective com-
munication processes. Furthermore, in later Delphi rounds, the experts can further develop and solidify their ideas as well as
incorporate the ideas of the other experts based on iteration and feedback. Objectivity generally increases by integrating the idea-
generation function into the scanning phase because the identification of possible future trends and drivers is not conducted
behind closed doors but rather is based on broad independent expert knowledge. The possibility of ignoring important drivers is
reduced because the responsibility is distributed among several people, thus increasing credibility.

3.3.2. Forecasting

In the forecasting phase of scenario planning, drivers and uncertainties must be evaluated and those drivers to be included in
further analysis must be selected. Experts can assist the scenario planner by employing the consolidation function of the Delphi
technique in this phase.®

In this combination, creativity and credibility play a minor role. The main function of the experts is to reduce the number of
trends and prioritize the drivers. However, objectivity increases because the evaluation of the drivers is no longer dependent on the
researcher.

3.3.3. Visioning

In the visioning phase of the scenario approach, the consequences for today's decisions must be derived. Once a set of scenarios
is prepared, experts can be invited to evaluate the scenarios as to their desirability and to propose possible strategies or adaptation
options via the judgment function of the Delphi technique. If the identification of possible adaptation options is of prime
importance, the judgment function resembles the idea-generation function seeking creative input from the participating experts.®
Creativity benefits because the scenario process benefits from a greater input of ideas by the experts. Objectivity increases by
eliminating the possibility of biases on the part of the researchers, whose importance is reduced by relying on the expert's opinion.
Credibility increases because the danger of omitting relevant adoption options is reduced.

Thus, the integration of the Delphi technique within a scenario study is especially reasonable in the scanning phase of scenario
planning via the idea-generation function of the Delphi technique and in the visioning phase via the judgment function because
the combinations increase creativity, credibility and objectivity. In the forecasting phase, a combination of the two methods
mainly increases objectivity.

7 Delphi functions can be integrated in scenario planning studies (Delphi-based scenarios) and scenarios can be integrated into the Delphi technique (scenario-based
Delphi). We focus on Delphi-based scenarios. Generally, one could argue that we ignore scenario-based Delphis. There are two possibilities for integrating scenarios in
the Delphi technique. The first is that previously prepared scenarios are evaluated by the Delphi technique. The second is that results are presented as scenarios. The first
possibility is a Backcasting Delphi, and the second possibility falls within the idea-generation and the consolidation function. Therefore, we focus on the Delphi-based
scenario categorization.

8 Another way to evaluate and select the key drivers and uncertainties is to employ the Cross-Impact Analysis [32,34,46,62,63]. Experts can also supply the input
required for the Cross-Impact Analysis. The authors assume that this is frequently outsourced to a monitoring or steering team to minimize the workload for the experts.

9 The visioning phase can also be applied alone if some scenarios are prepared in advance and the expert is encouraged to focus on identifying and evaluating
possible adaption options. Borjesson et al. [32] designate this combination of scenarios and the Delphi technique as Backcasting Delphi.
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4. Systematic research review

After showing that a combination of the two methods can, in general, enhance the quality of scenarios in terms of creativity,
objectivity and credibility, we now turn two the second research question: What is the span of possible design options in the
existing body of Delphi-based scenario studies? We will present the results and discuss possible recommendations.

As stated in the methodological section, our sample consists of 24 studies. The most important journal for the publication, with
seven articles on Delphi-based scenario studies, is the journal of this special issue, Technological Forecasting and Social Change.
The results show a relatively constant number of published Delphi-based scenario studies over time with an exceptionally high
number (6) of publications in 2009. The analysis of the thematic scope reveals a remarkably high number (7) of studies concerned
with the future of transportation. The local scope of half of the studies is concentrated in Europe. Further descriptive results can be
found in Table 2.

The low number of publications, in our view, is due to the complexity of foresight studies and the fact that the Delphi-based
scenario studies are underestimated. In our sample, four studies [42,58-60] explicitly mentioned during the research process that
an adaptation of the originally planned research design was necessary. As a consequence, some authors might refrain from
publishing their Delphi-based scenario studies due to the complexity, or they may opt to publish it in parts.

4.1. Key elements of scenario planning

The predominant goal of the 24 Delphi-based scenario studies is of an explorative nature (18). Six studies have a predictive
focus and are, thus, interested in concrete values of specific drivers rather than identifying trends. The time span considered in the
studies varies between eight and 53 years with a median time span of 21 years and an average of 22.9. As illustrated in Fig. 2,
explorative scenario studies consider a longer time span. On average, they consider a time span of 26.4 years (median=22)
whereas predictive scenario studies span 15.5 years (median=11).

The differentiation between the predictive and explorative scenario studies of Borjesson et al. [11] turned out to be an
appropriate categorization for scenarios. In view of the results (see also Fig. 2), predictive scenarios are not only quantitative but
also short-term oriented, whereas explorative scenarios are qualitative and long-term oriented.

The number of scenarios varies between one [62] and fifteen [71], with 18 studies using at least two scenarios. Three scenario
studies [62,66,79] develop only one scenario, and three studies [42,60,64] do not specify the number of scenarios.

We underlined the importance of using more than one scenario to achieve meaningful scenario planning in Section 3.1.1. The
absolute minimum should be two scenarios; however, the number of scenarios should be chosen in consideration of the
underlying scenario logic.

Table 2
Scope of the Delphi-based scenario studies.

No. Name Year Journal Regional focus Thematic focus Ref.
1. Abadie et al. 2010 Sci. Public Pol. Europe Creative content industries [58]
2. Al-Saleh 2009 Futures Saudi Arabia Renewable energy scenarios [61]
3. Ariel 1989 Marit. Policy Manage. Global Shipping industry [62]
4. Bijl 1992 Futures Netherlands Mental health care [63]
5. Czaplicka-Kolarz et al. 2009 TFS Poland Energy sector [64]
6. Eschenbach & Geistauts 1985 Interfaces Alaska Trends of Alaskan economy [65]
7. Fleming 1979 Long Range Plann. us Government-corporate relations [66]
8. Gomez-Limoén et al. 2009 Futures Spanish region Agricultural sector [67]
9. Gordon 2007 Foresight Global Energy [68]
10. Hojer 1998 Transport. Res. Global Telematics in urban transport [69]
11. Hupkes 1974 Transportation Netherlands Automobile [59]
12. Kropp 2003 J. Euromarket. North America and EU Values in marketing [70]
13. Pal et al. 2009 Int. J. Appl. Eng. Res. India Public transport [60]
14. Postma et al. 2007 TFS Netherlands Medical technology [71]
15. Rikkonen and Tapio 2009 TFS Finland Bioenergy [45]
16. Shiftan et al. 2003 Transport. Res. Tel-Aviv Transport systems [72]
17. Svidén 1988 TFS Not specified Transport systems [73]
18. Tapio 2002 TFS Finland Transport policy [42]
19. Tseng et al. 2009 TFS Global TV market [74]
20. Volman 2005 Teaching a. Teacher Edu. Netherland Education [75]
21. Von der Gracht and Darkow 2010 Int. J. Prod. Econ. Germany Logistics service [76]
22. Waissbluth and de Gortari 1990 TFS Mexico Agro industry [77]
23. Wilenius and Tirkkonen 1997 Futures Finland Climate policy [78]
24. Zuber et al. 1996 Soc. Prev. Med. Switzerland Health care [79]
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Fig. 2. Box-Whisker plots of the considered time span.

The scenario logic applied in the studies of our sample is based on different approaches. Most of the studies are developed
around the key drivers, that is, variations between the key drivers determine the differences between the scenarios. In three
Delphi-based scenario studies [66,71,80], time constitutes one of the possible dimensions; thus, the development over time of
specific drivers are illustrated. In this special case, we would prefer technology roadmapping [81] as a more appropriate method. A
few studies [60,63,72,73,76] are based on probabilities of occurrence (most probable scenario) combined, in some cases, with
additional scenarios. For example, von der Gracht and Darkow [76] develop scenarios that are based on the most probable future in
addition to some wildcard scenarios. We have previously discussed the difficulties of this scenario logic in Section 3.1.1.

The presentations of the scenarios vary according to the underlying scenario logic between the presentation of pure
quantitative data, scenario sketches and complete storylines. Discontinuities or wildcards play a surprisingly minor role. Only six
studies [61,63,66,69,70,76] considered this special feature within their scenario development.

Table 3
Delphi function and scenario goal of Delphi-based scenarios.

Name Year Idea-generation Consolidation Judgment Explorative scenarios (1),
(1=yes) (1=yes) (1=yes) predictive scenarios (0)

Abadie et al. 2010 1 1 1

Al-Saleh 2009 1 1 1

Ariel 1989 1 1 1 0

Bijl 1992 1 1 1
Czaplicka-Kolarz et al. 2009 1 1
Eschenbach and Geistauts 1985 1 1

Fleming 1979 1 1
Gomez-Limon et al. 2009 1 0

Gordon 2007 1 1

Hojer 1998 1 1

Hupkes 1974 1 1

Kropp 2003 1 1

Pal et al. 2009 1 0

Postma et al. 2007 1 1 1 1

Rikkonen and Tapio 2009 1 1 1 1

Shiftan et al. 2003 1 1 1 0

Svidén 1988 1 1 1

Tapio 2002 1 1 1

Tseng et al. 2009 1 1 0

Volman 2005 1 1 1 1

Von der Gracht and Darkow 2010 1 1 1
Waissbluth and de Gortari 1990 1 1 0

Wilenius and Tirkkonen 1997 1 1 1 1

Zuber et al. 1996 1 1

Total 11 10 23 6 pred.

+ 18 explor.
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4.2. Combination possibilities

In the identified Delphi-based scenario studies, the most often used Delphi function was the judgment function. This function is
also the only separately used function, while the idea generation function and the consolidation function were, in most cases, used
in combination with at least one other function.

All predictive studies use at least the judgment function. Predictive scenario studies concentrate on the consolidation and
judgment function of the Delphi technique. Thus, they get support by the Delphi technique for the evaluation of already identified
drivers.

In explorative scenario studies, the judgment function is considered very important. Those explorative studies that do not rely
on the judgment function focus on the idea-generation function of the Delphi technique. In both cases, they seek creative input
from the experts for possible future trends or possible adaptation options. See also Table 3.

Based on these results, we recommend scenario planners with explorative objectives and more long-term perspectives to use
the idea-generation function of the Delphi technique. For predictive and more short-term oriented scenario studies, we
recommend using the judgment function and combining it, if necessary, with the consolidation function.

4.3. Key elements of the Delphi technique

4.3.1. Iteration

The majority (16) of the identified studies conducted two Delphi rounds. Five studies conducted a third round and only one
[78] conducted a fourth Delphi round. Abadie et al. [58] and Gordon [68] conducted Real Time Delphi studies.

We recommend choosing the number of Delphi rounds based on the study design. Furthermore, the number of functions that
the Delphi technique has to fulfill within the scenario study and the necessity for feedback should be considered.

4.3.2. Participating experts

Researchers invited, on average, 4.4 times more experts than actually participated in the first Delphi round. The average
dropout rate after the first round was 18%. After the second round, some studies were able to increase the number of participating
experts leading to an average dropout rate of —4% (see also Table 4).

Table 4
Number of rounds and dropout rates in the Delphi-based scenario studies.

Name Year Number of Number of Number of experts Number of experts Number of experts Dropout rate Dropout rate
rounds invitations in round 1 in round 2 in round 3 after round 1 after round 2

Abadie et al. 2010 RT 1111 288 124 57%

Al-Saleh 2009 3 35 33 27 32 18% —19%

Ariel 1989 3 109 59 55 52 7% 5%

Bijl 1992 2 104 86 88 —2%

Czaplicka-Kolarz et al. 2009 2 750 n.s. 275

Eschenbach and Geistauts 1985 3 152 91 n.s. ns.

Fleming 1979 3 20 21 22 23 —5% —5%

Gémez-Limén et al. 2009 2 n.s. n.s. n.s.

Gordon 2007 RT 125 13 n.s.

Hojer 1998 2 310 86 65 24%

Hupkes 1974 2 906 53 56 —6%

Kropp 2003 2 175 62 54 13%

Pal et al. 2009 2 300 138 36° 74%

Postma et al. 2007 2 n.s. 35 35 0%

Rikkonen and Tapio 2009 2 n.s. 18 20 —11%

Shiftan et al. 2003 2 63 28 18 36%

Svidén 1988 2 120 54 31 43%

Tapio 2002 2 n.s n.s. n.s

Tseng et al. 2009 2 n.s. 13 10 23%

Volman 2005 2 13 10 13 —30%

Von der Gracht and Darkow 2010 2 72 30 30 0%

Waissbluth and de Gortari 1990 2 n.s. 6 12

Wilenius and Tirkkonen 1997 4 142 98 20 20" 80% 0%

Zuber et al. 1996 3 n.s. 30 30 30 0% 0%

Min 2 13 6 10 20 —-03 —19%

Quartile (25%) 2 72 21 20 23 —2% —5%

Median 2 125 35 31 30 10% 0%

Quartile (75%) 3 300 86 55 32 33% 0%

Max 4 1111 288 275 52 80% 5%

Average 23 265 60 51 31 18% —4%

n. s.: not specified.

RT: Real Time Delphi.
¢ Experts excluded by the monitoring team.
Y In a fourth round 20 experts participated.
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The number of experts should also be chosen with regard to the study design. In a Real Time Delphi, the number of experts can
be much larger, whereas, in studies that rely on expert interviews, this number may be much lower due to practical reasons.

Of the 24 studies, 14 do not specify how they evaluated the level of expertise of the participating experts. In these studies, it is
questionable whether it is still legitimate to designate the participants as experts. Of those studies that mention their experts'
qualifications, descriptions vary considerably between the number of articles published, years of work experience, position,
regional provenience and stakeholder status. If studies include two or more criteria that reflect different aspects of expertise, we
define it as multi-perspective criteria. Four studies evaluate the level of expertise by using a self-assessment in their questionnaire.
Of these four studies, one study combines [63] the self-assessment with multi-perspective criteria. Multi-perspective criteria (5)
and self-assessment (3) are the most prevalent expert evaluation criteria. We argue that self-assessment of the experts might be
problematic in the case of open-ended questions. In this case, multi-perspective criteria for the expert selection is more
appropriate. The criteria should be as flexible as necessary; however, it needs to be explicitly and honestly mentioned in the study.

4.3.3. Anonymity

Anonymity during the entire process is ensured in 14 of the 24 studies. In five studies, anonymity is attenuated. For example, in
the study of Gémez-Limén et al. [82], the second Delphi round is held as a seminar in a workshop round. Five studies do not
provide any information whether anonymity has been ensured.

In the presence of the Bandwagon effect or other disturbing effects, anonymity is definitely important, but we prefer adopting a
more flexible standard of anonymity. After a first anonymous round, which could also be conducted as expert interviews, a
workshop can facilitate “creative synthesis” in which two former unrelated ideas of different experts are combined [83]. This would
also reduce the number of Delphi rounds that would otherwise be necessary.

4.3.4. Questionnaire

The questionnaire input varies from pure desk work to a combination of several methods. In some cases, expert interviews
provide the basis for the formulation of the questionnaires. In other cases the questionnaire is based on the PESTEL framework'®
and Porter's five forces [84,85]. Pre-surveys are employed by Ariel [62], Kropp [70], von der Gracht and Darkow [76]. Kropp [70],
Hupkes [59], Hojer [69] and Bijl [63] use previously developed scenarios. The majority of studies rely on a single source for the
questionnaire whereas others (5) based their input on several sources. With respect to triangulation, the combination of several
input sources for the questionnaire is recommended.

The formulation of the questions varies as well. In four cases, the questions are closed-ended. In another five studies, the
questions are closed-ended, but the participating experts were allowed to add comments. In nine studies, an open-ended
questionnaire design was chosen. Six studies apply closed-ended questions in addition to open-ended questions. Questions focus
on timing, probability, plausibility, feasibility, desirability and the importance of occurrence, possible courses of action, impacts,
costs and barriers.

We suggest using open-ended questions if the Delphi technique mainly serves as a source of creative input for the idea-
generation function. If the Delphi technique is used for judgment purposes, it depends on the extent of creativity needed, and
open-ended questions are recommended. If the collection of adaptation options or the evaluation of the scenario in terms of
desirability, plausibility or feasibility is the main purpose, then close-ended questions are most appropriate. For the consolidation
function, the use of closed-ended question is suggested.

4.3.5. Feedback

Only one study [59] sent no feedback to the participating experts in between the Delphi rounds. The majority (17) of the
studies explicitly mention that they give feedback. In the two Real Time Delphi studies [58,68], the feedback is given via a web
application. Four studies do not explicitly mention feedback. When feedback is permitted, it is organized in various forms. The
majority of the studies provide statistics in the form of median values, mean values, or quartiles. In some cases, preliminary
scenarios are sent back to the participating experts. In other cases, rankings, modal scores, or aggregated arguments or quotes are
used as feedback. Von der Gracht and Darkow [76] conducted a summarizing content analysis to synthesize the arguments of the
experts.

Feedback plays an important role when the creative synthesis is in the foreground. Thus, the generation of ideas is based on the
input of other participating experts. This is usually the case for the idea-generation function and, in some cases, also for the
judgment function of the Delphi technique. In these cases, the scenarist should take care that the information flow from one expert
to the next expert is ensured. Therefore, the feedback should consist of more than mean or median statistics. Synthesized
arguments and ideas are more appropriate.

This chapter has shown that the span of possible design options in the existing body of Delphi-based scenario studies vary
considerably. Some studies applied our recommendations to a very high degree, whereas others do not even specify design
options in appropriate depth.

10 PESTEL stands for the scanning of the political, economic, social, technological, and legal framework conditions [88,89].
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5. Conclusions

Based on the findings of the methodological literature as well as the findings of the integrated results and discussion chapter,
we will now conclude how quality in terms of creativity, credibility and objectivity in future Delphi-based scenario studies can be
ensured.

Scenario planners need to be aware of the goal of their scenario study, whether they want to identify possible challenges and
drivers in explorative scenario studies or whether they want to specify the impacts of already known drivers in predictive scenario
studies. In explorative scenario studies, we see the added value in the ability of the Delphi technique to capture creative input,
identifying future challenges or adaptation options in the scanning or visioning phase of the scenario approach. In predictive
scenario studies, the focus should be on the judgment function of the Delphi technique, which is primarily useful in the visioning
phase, whereas the integration of the Delphi technique within the forecasting phase should be considered carefully. In order not to
overcharge the experts, the identification of the key drivers should be delegated to a panel.

The quality in terms of creativity of Delphi-based scenarios studies can be ensured by integrating the idea-generation function
of the Delphi technique into the scanning phase. If disturbing effects, such as the Bandwagon effect, are obstacles to an effective
group communication, we recommend attaching importance to anonymity. Creativity profits as well in the visioning phase (if
adaptation options are to be identified) especially by the larger reservoir of ideas generated by the integration of the experts.
Especially promising is the identification of weak signals. One researcher on his own might be overstrained, but by having a
considerably larger reservoir of ideas, weak signals might be identified that otherwise would have gone unnoticed. If creative input
is needed, some design options need to be especially aligned for capturing the ideas of the experts. The process should be as open
as possible. Open-ended questions give the experts the possibility to develop ideas, to have a sufficiently high number of Delphi-
rounds and to provide feedback that allows the experts to better understand the thoughts and ideas of the other experts as
necessary. If experts have the possibility to comment then the responsible facilitator must ensure that these comments are
incorporated into the next Delphi round. Expert interviews and, in later rounds, workshops can serve as a complementing feature.
The use of the most probable scenario should be avoided because it might limit the decision-maker from capturing the full creative
input of the scenarios.

The integration of the Delphi technique in the three scenario phases increases objectivity because the responsibility of the
researcher is distributed among the experts. Therefore, the expert selection must not be biased. Biases in the questionnaire design
can lead to results that depend on the researcher rather than on the opinion of the experts. Therefore, we recommend using a
neutral framework for the questionnaire design and selecting the experts carefully. For idea-generation, the PESTEL framework is a
good starting point.

The credibility of scenarios benefits from the integration of the Delphi technique because experts ameliorate the completeness
of scenarios in the scanning and visioning phases. Therefore, the role of weak signals and discontinuities has to be explicitly
determined. Possible biases mentioned earlier also affect the credibility. In general, triangulation should be considered in each
design decision of a Delphi-based scenario study. The design decisions have to be well justified and explained and should be
documented in such a way that the study is replicable.

In general, we recommend integrating the Delphi technique within a scenario study. In view of the complexity of foresight
studies, we strongly recommend focusing on the integration of the Delphi technique in only one phase of the scenario approach. In
this way, the design options can be intentionally adjusted to the particular function.
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Abstract

The capital intensive and path-dependent sanitation sector is vulnerable to changing environ-
mental conditions, as the current experiences with decreasing populations in East Germany
are proving. Therefore, alternative planning approaches which allow decision-makers in the
sanitation sector to prepare early enough for future challenges are needed. In this article I pre-
sent the results of a scenario study on the future of the sanitation sector in the year 2050 in
which | investigated the possibilities of scenario planning to overcome possible shortcomings
of former planning approaches. The major contributions of my research are the identification
of the most relevant future challenges and the development of a set of future scenarios which
provide a valuable basis for strategy development in the sanitation sector.
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1 Introduction®

Germany? is attested by the Organization for Cooperation and Development (OECD) 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* 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]

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 As-
sessment Programme (UNWWAP) [2009]. Among the most important challenges are popula-
tion dynamics such as growing or shrinking populations, changing age distributions, urbaniza-
tion and mitigation, economic challenges such as globalization, food and energy scarcity, as
well as social challenges and technological changes.” The fourth Global Environmental Out-
look 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]

In order to adapt to these dynamics, but also to maintain and replace the existing infrastruc-
ture, significant investments will be required. In the decade 2020-2030 the yearly expendi-
tures 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 ex-
penses will increase from 405 $bn to 6,212 $bn by 2015 and to 9,003 $bn in 2025. In Germa-
ny the expenditures are expected to increase from 17.932 $bn to 23.38 $bn in 2015 and

This article was mostly inspired by two scholars. The first in the sense of a conversant is the work of Dominguez et al.
[2006; 2009] and the second in the sense of an exemplar are von der Gracht and Darkow [2010]. Huff [1999; 2008] de-
scribes a conversant as an article or work in which one’s own article starts a conversation. An exemplar is defined as an
article that uses a comparable methodology but in a different context and that can assist as a guideline for structuring one
owns work.

As well as Austria, Denmark, Finland, Netherlands, Sweden and Switzerland.

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 Gen-
eral Assembly declared 2008 the International Year of Sanitation. [WHO and UNICEF, 2008]

Brazil, Russia, India and China

The OECD [2007] adds to these challenges geopolitics, security and finance. Where especially the latter is more im-
portant for the water and sanitation sector, the first two are of higher importance for energy and transport infrastructures.
Telecommunications is mainly defined as concerning telephones.
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35.84 $bn in 2025, increasing the expenses per GDP share from 0.75 % to 0.83 %. [OECD,
2009] See also Figure 1.
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Figure 1: Share of current expenditures of gross domestic product (GDP) in OECD and BRIC countries for road, rail, tele-
coms, electricity, and water and sanitation infrastructures

The capital intensity of the sanitation sector involves a high degree of fixed costs and low
rates of return. [OECD, 2009] In combination with the long use-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 In-
gram and Fraser [2006].

In view of the long term impacts that go along with infrastructure investments, strategic plan-
ning 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 assump-
tion 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.

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 popula-
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tion [UNDESA, 2007], in Germany the population is shrinking and ageing. [Federal Statisti-
cal Office of Germany, 2010] In East Germany, demographic change was reinforced by struc-
tural 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”’. 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 in-
struments. [Miller and Waller, 2003; Phelps et al., 2001; Schnaars, 1987; 2001; Schoemaker,
1991; 1993; 1995; Schwartz, 1998; Slaughter, 2002a; Slaughter, 2002b]

Scenario planning was originally developed for military purposes by the RAND Corporation
in the United States during the Cold War, and later adopted by the civil sector. [Bradfield et
al., 2005] At the RAND Corporation, Herman Kahn developed scenarios dealing with possi-
ble causes for nuclear war between the US and the Soviet Union in the 1950s for the Air De-
fense System Missile Command. [Kahn, 1960; Kahn and Wiener, 1967] Herman Kahn is
therefore often seen as the father of modern scenario planning. Pierre Wack’s application of
Kahn’s method at Royal Dutch Shell is deemed to be the first well-documented business ap-
plication of scenario planning [Wack, 1985], and is still used today by the company [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 current 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., 20009;
Malaska et al., 1984; Mietzner and Reger, 2005; Nowack et al., 2011; van Notten et al., 2003;
Varum and Melo, 2010]

In view of the “methodological chaos”, it is very important to build upon existing research
and to be semantically precise. Therefore | need to clarify some definitions. In this article I
consider a scenario as a “description of a possible future state [of the analyzed system]” and
adopt thereby the definition of the Intergovernmental Panel on Climate Change (IPCC)
[2000]. Very often the term scenario is used as a synonym for a set of specific values of dif-
ferent 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 Kahn and
Wack. 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] The scenario approach describes the steps that are neces-
sary to complete an entire scenario planning project. Bishop et al. [2007] describe a generic

7 Helmut Kohl (former chancellor of the Federal Republic) used the words “blooming landscapes™ to describe his vision of

the future development of the East German Federal States of Germany after the break down of the wall. [Federal Gov-
ernment of Germany, 1990]
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scenario planning approach which is essentially congruent with the approach of Voros [2003].
Bishop’s approach 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 con-
trolling. In this article | focus on the first three steps.

Beside the study design, another differentiating factor is the scenario goal. Borjeson 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 ana-
lyzed system. Further characteristics are a short time horizon and a more quantitative study
design.

“Predictive scenarios are primarily drawn up to make it possible to plan and adapt to
situations that are expected to occur. They are useful to planners and investors, who
need to deal with foreseeable challenges and take advantage of foreseeable opportuni-
ties. Predictions can also be used to make decision-makers aware of problems that are
likely to arise if some condition on the development is fulfilled. [...] Predictions can
also be self-fulfilling. Predicted traffic growth may, for instance, lead to the building of
more roads, which stimulates an increase in traffic. The self-fulfilling aspect of predic-
tions makes it possible to use them also for long-term planning and investments in in-
frastructure. However, the fact that predictions can contribute to preserving past and
present trends can also make it more difficult to change undesirable trends.” [BOr-

jeson et al., 2006]

Whereas explorative scenarios provide an answer to the question: What can happen? Thus the
focus lies on the identification of the drivers or challenges, a long time horizon and a more
qualitative oriented study design.

“Explorative scenarios can help explore developments that the intended target group
in one way or another may have to take into consideration. This can be in situations
when the structure to build scenarios around is unknown, e.g. in times of rapid and ir-
regular changes or when the mechanisms that will lead to some kind of threatening fu-
ture scenario are not fully known. Explorative scenarios can also be useful in cases
when the user may have fairly good knowledge regarding how the system works at
present, but is interested in exploring the consequences of alternative developments.
Explorative scenarios are mainly useful in the case of strategic issues [van der
Heijden et al., 2002].” [Borjeson et al., 2006]

The possibilities of scenario planning have been increasingly adopted for the water and sanita-
tion sector, see also Table 1 and Table 2. 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]
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A prominent use of scenarios is the use in global environmental outlooks. Besides the water
related work of the IPCC [2008], water plays an important role, among others, in the Envi-
ronmental Outlook of the OECD [2008], in the Gobal Environmental Outlook of the United
Nations Environmental Programme (UNEP) [2007] 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 Re- World water and food to 2025 water as a determining resource for food safety

search Institute, 2002]

[UNEP, 2006] Global International Waters Assess-  systematic assessment of the environmental conditions and
ment (GIWA) problems in transhoundary waters

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

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 describe three pos-
sible 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 techno-
logical developments of the infrastructure system and one of their scenarios will be reflected
in my “Recycling-First” scenario. The scholars of the Eidgendssische Technische Hochschule
Zurich [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 ex-
ists 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 Kra-
emer and Hansen [2004] requires the development of customized scenarios.

My two main research questions (RQ) are therefore:

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

2. What are possible future states of the sanitation sector in Germany in the year 2050?

Besides the real world research interest, | also develop and test a new Delphi-based scenario
methodology which will be described in detail in the next chapters. Moreover, | emphasize the
possibilities of the Delphi technique within scenario development to identify weak signals
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[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 challeng-
es. Consequently, I conduct 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] I support this process by
the highest possible degree of integration of sanitation professionals, administrative authori-
ties, as well as academic experts. |1 do so by applying the Delphi technique and organizing
workshops to which I regularly invited relevant stakeholders. The target time horizon is speci-
fied with the year 2050, but this is rather a symbolic value. | intended rather not to develop
scenarios for exactly the mentioned point in time, but much more 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 my paper is organized as follows: after having introduced my research and
presented the research question, | start explaining how | will answer my research questions by
describing the necessary background and the research methodology. Subsequently, | present
my findings with respect to the Delphi survey, the Fuzzy Cognitive Map analysis, the busi-
ness-as-usual scenario and the final explorative scenarios. Finally, I discuss the results and the
methodology and conclude giving recommendations on how decision-makers might use the
results.
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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 Catchment in Northern Australia Using identification of future challenges and stakeholders interests ~ Australia 20 years
Scenario Development, Multi-criteria Analysis and a Deliberative Process as a Tool for
Water Planning
[O*Connor et al., 2005] The Avon River Basin in 2050: Scenario planning in the Western Australian Wheatbelt strategic regional planning Australia 2050
[Christoph et al., 2008] IMPETUS: Implementing HELP in the upper Ouémé basin analysis of the impacts of different economic, demographic, Benin and Mo- 2050
and climate developments on water resources rocco
[Kok et al., 2011] Combining participative backcasting and exploratory scenario development: Experiences identification of important trends, development of stake- Europe 2050
from the SCENES project holder-based scenarios, used as input for hydrological mod-
elling
[Jessel and Jacobs, 2005] Land use scenario development and stakeholder involvement as tools for watershed man-  development of land use scenarios based on stakeholder in-  Germany 2015
agement within the Havel River Basin terviews, used as input for hydrological modelling
[Hiessl et al., 2002] Design and sustainability assessment of scenarios of urban water infrastructure systems analysis of different technological, organizational and insti- ~ Germany 2050
tutional innovations in three prepared scenarios
[Hatzilacou et al., 2007] Scenario workshops: A useful method for participatory water resources planning? discussion of prepared scenarios, identification of preferred  Greece 2020
future, derivation of action needs
[Valkering et al., 2010] Scenario analysis of perspective change to support climate adaptation: lessons from a pilot  stakeholder participation Netherlands “toward the
study on Dutch river management future”
[De Jong et al., 1989] Scenario planning for water resources: a Saudi Arabian case study modelling based on business-as-usual and most probable  Saudi Arabia 2000
policy scenarios
[Caille et al., 2007] Participatory scenario development for integrated assessment of nutrient flows in a Catalan identification and analysis of external drivers that impinge  Spain 2030
river catchment on nutrient emissions
[Lienert et al., 2006] Future Scenarios for a Sustainable Sector: A Case Study from Switzerland expert-based scenario development for the Swiss Switzerland 20-30 years
(waste)water sector
[Stérmer et al., 2009] The exploratory analysis of trade-offs in strategic planning: Lessons from Regional Infra-  strategic planning in the sanitation sector on management  Switzerland 25 years
structure Foresight level
[Means et al., 2005b] and  Scenario planning: A tool to manage future water utility uncertainty strategic planning for water utilities USA 2025

[Means et al., 2005a]

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 plan-
ning") OR TITLE-ABS-KEY (wastewater AND "scenario development”) OR TITLE-ABS-KEY (sanitation AND "scenario development") OR TITLE-ABS-KEY (sewer AND "scenario devel-
opment") 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")).
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2  Method

| decided to gather the necessary input for the scenarios by integrating the expertise of sanita-
tion professionals, researchers and specialists from the authorities by relying on the Delphi
technique. The Business-as-Usual scenario is constructed based on the top 15 challenges iden-
tified during the Delphi procedure. The driver interdependency of the top 15 challenges are
analyzed by developing a Fuzzy Cognitive Map (FCM) and summarized in a Business-as-
Usual scenario. The Business-as-Usual scenario is completed by three explorative scenarios
derived from visionary expert statements. The research process is illustrated in the following
Figure 2 and explained step by step in the following chapters, after having introduced to the
Delphi technique.

. Feedback 2. Delphi 3. Delphi
1. Delphi Round: Round: Round:
Round: . . Top 15
Online Online FCM
Expert . . Challenges
Interviews Discussion Expert Expert
Board Survey Workshop

Business-
as-Usual
Scenario

FCM-
Analysis

Selected
visionary
expert
statements

3x
explorative
scenarios

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 effec-
tive in allowing a group of individuals, as a whole, to deal with a complex problem.”
[Linstone and Turoff, 1975]

As | described in my article [Nowack et al., 2011] on Delphi-based scenario studies:

“The key design elements of the Delphi technique are anonymity, iteration, controlled
feedback and participating experts [Landeta, 2006; Linstone and Turoff, 1975; Rowe
and Wright, 1999]. In most Delphi studies (as identified in [Gupta and Clarke, 1996]
and [Landeta, 2006]), a number of experts is each given an anonymous questionnaire
to answer questions concerning their field of expertise.

The most important argument for anonymity is the possibility to avoid negative im-
pacts of group communication processes similar to the “Bandwagon effect™ [Leiben-
stein, 1950]. In Delphi studies, controlled feedback is provided to the experts in the
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form of quotes, summaries, median or mean statistics. The experts are then asked to
comment on the responses of the other experts, defend their own positions, develop
new ideas and/or answer new questions introduced by the monitoring team. The re-
sults are often presented as a statistical group response.

Iteration is especially important if the main purpose of the Delphi technique is to seek
consensus as is the case in the Classical Delphi. The Classical Delphi is similar to the
Delphi studies that were prepared by the RAND Cooperation, and it has been subject
to severe criticism since the late 70's [Hill and Fowles, 1975; Linstone, 1975; Turoff,
1975]. Due to the criticism, some modifications of the Delphi technique have been
suggested [Tapio, 2002]. The Policy Delphi proposed by Turoff [1970] seeks opposing
views on the topic at hand. Kuusi and Meyer [2002] further developed the Policy Del-
phi into the Argument Delphi in which the arguments, collected in the precedent Del-
phi questionnaire, are further discussed in groups. Tapio [2002] as well as Rikkonen
and Tapio [2009] use a cluster analysis in their Disaggregative Policy Delphi as a ba-
sis for the development of the scenarios.

Further adaptations of the Delphi technique affect the iteration and feedback. In a Re-
al Time Delphi [Steinert, 2009] and [Gordon and Pease, 2006], the use of the Internet
and corresponding programming allows immediate feedback after the experts have
answered the questionnaire via web-based applications. Other experts are, thus, able
to respond, comment, or argue immediately, which allows direct feedback and almost
infinite iteration.”” [Nowack et al., 2011]

If the Delphi technique is integrated in a scenario study, it can support the scenarist mainly by
three functions [Nowack et al., 2011]: the idea generation, the consolidation, and the judgment
function. The idea generation function makes use of experts to support the scenarist to gener-
ate ideas on possible future challenges, which is especially fruitful in the scanning phase of a
scenario project. Scenario planners need often to evaluate the identified drivers and to consol-
idate them in the forecasting step of a scenario study. Experts can do this by evaluating or
ranking the identified drivers by relying on the consolidation function of the Delphi tech-
nique. The judgment function is often used in the visioning phase of a scenario study. Experts
can evaluate in this step which consequences need to be drawn from the developed scenarios.
[Nowack et al., 2011] | have decided to integrate the Delphi technique in the scanning as well
as in the forecasting step of my scenario study by relying on the idea generating and consoli-
dation functions.

2.1.1 First Delphi Round: Expert Interviews

| started the Delphi process by conducting 21 expert interviews. The main purpose was to
identify possible future challenges and rely on the experts to generate ideas on how the future
may unfold. | selected the experts based on several criteria. | invited the authors of pertinent
publications, cooperating industry partners (mostly operators of wastewater utilities), im-
portant stakeholders as representatives of the administrative bodies of the Free State of Saxo-
ny, as well as of the Federal Government.® Nearly half of the interviews were conducted face-
to-face, whereas the other half was conducted as telephone interviews. During the semi-
structured interviews | used an interview guideline that was developed based upon the PESTE
framework and the stakeholder model [Fassin, 2009; Freeman, 2010] in combination with

® | also invited representatives of non-governmental organizations to participate, but | had to exclude the interviews from

the further analysis because the interviewees could not qualify as experts and the answers did not add any new aspects.
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Porter’s Five Forces [Porter, 1985; 2008]. | asked the experts in open-ended questions to des-
ignate 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 com-
petition (suppliers, clients, substitutes, new market entrants, and the competition within the
sector) might evolve in the future. I also reminded the experts to think about possible weak
signals. The interviews took in average ca. 50 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 inter-
views. These records were transcribed into 254 pages of text, or 112,706 words. During the
interview and transcription phases | was supported by a team of seminar students. After a
training period they conducted a few interviews on their own and were responsible for the en-
tire transcription. The transcription was then used for a summarizing content analysis support-
ed by the content-analysis software MAXQDA. Applicable text passages were marked and as-
signed to the categories of the interview guideline. The following quote illustrated how | dealt
with the inputs from the interviews:

“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™

| integrated this statement as “accumulation of new so far unknown substances” (POL1) as
one possible challenge in my scenario study. In the following runs, redundancies were re-
moved and some of the categories were combined. | found that the stakeholder categories
were mostly covered by the PESTE categories and therefore this set of categories was re-
moved. In the end | identified 46 possible future challenges that I assigned to 10 major cate-
gories. See also Table 4.

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
(www.demowas.de/smf) and was invited to review and comment on the results. The anonymi-
ty 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. | also invited a few experts that | met in workshops after |1 conducted the interviews.
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.

10| used the Simple Machines Forum software.
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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,
| used the consolidation function of Delphi technique in order to identify the most relevant fu-
ture challenges. | invited all experts that had participated so far, as well as some additional
sanitation professionals. | asked the experts to answer ten questions with 46 items. The ex-
perts were asked to evaluate the relevance of the future challenges for the sanitation sector in
Germany in the year 2050. | used a Likert-type scale from 1 (very low relevance) to 5 (very
high relevance). For a high response rate | decided to keep the questionnaire as simple as pos-
sible.™ In the end the survey took ca. 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 (based on the median relevance of the expert
responses) 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 Cogni-
tive Map was developed and consequently analyzed based on graph theory [Kosko, 1986; Pa-
pageorgiou et al., 2003], specifically social network analysis [Grienitz et al., 2010; Ozesmi
and Ozesmi, 2004]. Fuzzy Cognitive Maps (FCM) were used for the first time in context with
scenario planning by Jetter and Schweinfort [2011], Kok [2011] and van Vliet [2010]. Fuzzy
Cognitive Maps are essentially causal cognitive maps that are capable of capturing the mental
models of experts by simply drawing loop and weighted arrows as illustrated in Figure 3 in
the following Box. [Jetter and Schweinfort, 2011] Therefore, FCM are especially suited for
participatory scenario studies in which implicit expert knowledge needs to be revealed and
their adoption in the context of Delphi-based scenario studies appears therefore especially
promising. For the third Delphi-round I invited the experts to a workshop. In total 19 experts
attended the workshop, among them were eight operators, one representative of the federal
state ministry on environment, and three external scientists and the moderating team. Ano-
nymity 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, | asked the partici-
pants of the expert workshop to illustrate how the top 15 future challenges are affecting the
sustainability of the sanitation sector. | integrated three target variables in the FCM in order to
facilitate the discussion: 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] I split the group into two
sub-groups to facilitate the communication. In a first step the two groups drew the Fuzzy
Cognitive Map without conducting the weighting of the relationships. Then the moderator
team compared the two Fuzzy Cognitive Maps and observed a very high degree of concord-
ance. Very few arrows varied, which was a result of different interpretations of some terms.

1 | announced a lottery of three bottles of organic wine for the first twenty participants that filled in the survey completely.

[80/112]



[Cumulative dissertation of Martin Nowack: Possibilities of scenario planning for sanitation organizations facing demographic change]

The moderator team combined 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]. |
use Fuzzy Cognitive Maps primarily to illustrate the complexity and the dynamics of the sani-
tation system. Often the Cross-Impact Analysis is chosen for the same purpose. [Bafiuls and
Turoff, 201X; 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 sce-
nario study and handicaps starting a learning process. As illustrated in the precedent combina-
tions of Fuzzy Cognitive Maps and scenarios, Fuzzy Cognitive Maps are especially well suit-
ed 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]. In my analysis | used the software FCMappers, which implements the methodology
proposed in Ozesmi and Ozesmi [2004]. To make the inherent steps traceable, | shortly sum-
marize the most important measures and explain the methodology in the following box.
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Background of Fuzzy Cognitive Maps and graph theory

Fuzzy Cognitive Maps are essentially causal cognitive maps that are capable of capturing the mental
models of experts by simply drawing loop and weighted arrows as illustrated in Figure 3 [Jetter and
Schweinfort, 2011]. The Fuzzy Cognitive Map can be transformed to a square adjacency matrix
A(D) = [a;j] as illustrated in Table 3.

Figure 3: A simple Fuzzy Cognitive Map Table 3: Square adjacency matrix
Ci|C2|C3|C4
c : Cl|o|0][1]0
e + ° c2zio0|0}|-1|0
e ~ calojofo]1
C4 0010710

In the adjacency matrix all the variables are listed on the vertical v; as well on the horizontal axis v;.
Connections are coded between -1 and +1. In the example in Figure 3, the connection from C1 to C2
would be coded with +1 and the connection from C2 to C3 with -1. In my scenario study | used the
coding steps + = 0.25, ++ = 0.5 and +++ = 0.75 and vice versa for negative relationships.

Following graph theory, the adjacency matrix can be analyzed based on the number of variables (N)
and the number of connections (C). To compare different Fuzzy Cognitive Maps, the density can be
calculated which illustrates the degree of interconnectivity>. The formula for the density di-
vides the number of connections by the total number of possible connections.

PT N1

An analysis of the variables shows which function they fulfill in the illustrated system. There are
three types of variables: transmitter, receiver, and ordinary variables. The distinguishing features 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.

N
0d(v) = ) @
k=1
Whereas the indegree (id) is a measure on how much it is driven by other variables. To calculate the
indegree | sum up the absolute values of the column values of a variable.
N

id(@w) = ) @

k=1

Transmitter variables have a positive outdegree and zero indegree. Receiver variables are character-
ized by a zero outdegree and a positive indegree. Ordinary variables have a positive in- and outde-
gree. [Ozesmi and Ozesmi, 2004]

The overall influence of a variable in a matrix can be measured by calculating its centrality. The cen-
trality (c;) is the sum of the outdegree and indegree of a variable.

¢; = od(v;) + id(v;)

This can be an important indication for a key driver of the analyzed system. [Grienitz and Schmidt,
2010]

12 The total number of possible connections is N2, if self-reinforcing effects are allowed.
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Finally the system can be simulated, therefore the following steps are necessary:

As described in Ozesmi and Ozesmi [2004], an initial state vector is multiplied by the adjacency ma-
trix I"™ x A. My example from above results in the following new state S vector after the first itera-
tion. This auto-associative neural network method is used to calculate the steady state and repeated
until the new state vector is stable. [Reimann, 1998]

0O 0 1 O
_mn _ 0 0 -1 0]_
S=I"xA=[1 1 1 1]><0 o o 1|7
0O 0 0 O

=1x (0,0,1,0) + 1x (0,0,—1,0) + 1 x (0,0,0,1) + 1 x (0,0,0,0) = (0,0,0,1)

Ozesmi and Ozesmi [2004] apply a monotonic increasing function to the matrix multiplication at each
simulation step.*® They use a logistic, linear threshold or step function 1/(1 + e~¥) to convert the
results between 0 and 1. The main purpose of applying this threshold function is to be able to com-
pare the final activation levels of the variables. In my example, after one iteration | get:

(0,001)x 1/(1+e *)=1[05 05 05 0,731],
and after 2 iterations the system reaches its stable state at:
S,=[05 05 05 0,622]

These steps are repeated until the system shows a final state.** Ozesmi and Ozesmi [2004] underline
that usually the system converges to a stable state after 30 iterations; however, theoretically the sys-
tem could also settle into a limit cycle, or chaotic attractor.

In the following, additional policy simulations can be run and compared with the steady state out-
come. To simulate a policy option, the corresponding value is activated C4=1 and clamped to this,
whereas the others are deactivated C1=C2=C3=0. Leading to a new stable state after 2 iterations:

sk =105 05 05 1],

Finally, the outcome of the steady state with the simulations can be compared by analyzing the rela-
tive differences between the values of the steady state and the values of the policy option.™

sP—-s, =[0 0 0 0.378],
In this example the simulation has increased C4 in comparison to the steady state.

| completed the Business-as-Usual scenario based on the Fuzzy Cognitive Map with three ex-
plorative scenarios that are not based on the average group response but on the most visionary
ideas of some of the experts. The three explorative scenarios highlight different aspects of a
possible future sanitation sector. Whereas the “Watershed-First” scenario focuses on an alter-
native regulatory regime, the “Recycling-First” scenario illustrates a different technological
development, as does the “Mega-City” scenario. These scenarios are based on selected expert
statements identified in the expert interviews. | have decided to complete the Business-as-
Usual scenario with these visionary scenarios in order to overcome traditional mind models
and to stimulate creative thinking about alternative futures.

13
14
15

Jetter [2011] uses a “binary threshold function that converts inputs of < of 0 to 0 and inputs of >0 to 1”

Kok [2009] discusses possible final states.

Whereas Ozesmi and Ozesmi [2004] as well as Jetter and Schweinfort [2011] compare variations in the initial states vec-
tor, Kok [2009] varies specific relationships in the adjacency matrix.
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3 Results
3.1 Firstand Second Delphi Round

In this chapter I will provide an answer for RQ1. Table 4 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 superordinated PESTE category. The mean and the standard deviation (SD) in
Table 4 are the results of the second Delphi round. The top 15 challenges with the highest rel-
evance are marked by an asterisk and also illustrated in Figure 7 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 concern-
ing the importance of “nanoparticles” (30.) and “reduction of subsidies” (17.).

[84/112]



[Cumulative dissertation of Martin Nowack: Possibilities of scenario planning for sanitation organizations facing demographic change]

Table 4: 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 the medicine is 404« 073
£ I degradable in water
E E STA2 Watershed-regulation Enlargement of the area of responsibility to watershed level 317 1.05
» STA3 Regulation of agriculture Regulation of agricultural pollutions. i.e. excessive discharge of nutrients 3.88* 0.8
H STA4 Receiving water- Purification standards vary depending on the status of the receiving waters 350 098
= dependent standards
STAS Classical standards Increase of classical purification standards 3.84* 085
o o= SECH Public relations Enhancing of the public relation in an open and activating way 320 115
E "9: g SEC2 Formal privatization Continuation of the trend towards formal organizational privatization. i.e. private partners are 296 082
5 2 g called in up to a co-ownership of 49 per cent
W 5e SEC3 Cooperation intensity Inner-city. inter-communal and inter-sectoral cooperation of the wastewater utility 3.56  0.96
B SEC4 Indirect competition Competition takes only place between specific subservices e.g. sewer cleaning 325 115
@ SECS Direct competition Central sanitation services are in direct competition with decentral solutions. starting at large 330 097
properties
© FIN1 Allowing of provisions Legal allowing of provisions (saving funds) for future investment needs e.g. remediation of the 333 1.09
§ sewer system
= FIN2 Coordinated charging Charging in cooperation with water utilities for an optimal water demand management 3.13 097
FIN2 Fix cost-depending Charging of a basic rate in the amount of the fix costs 352 112
charging
FIN4 Pollution-depending Charging of wastewater rates that are depending on the degree of the pollution and installation of 322 1.09
charging a corresponding measuring system
FINS Short public budgets Short financial resources of public budgets limit the local government's room for maneuver 412 1.01
FING Reduction of subsidies Considerable reduction of subsidies as important source of investments 371 123
FIN7 Revision of rates Revision of wastewater rates by an independent third party 3.00 0098
FIN8 Sustainability checks Introduction of sustainability or demography checks for investments e.g. as part of appropriations 3.33  0.82
= &2 DEM1 Population decrease Decrease of the population due to demographic and structural changes 4.04* 089
US, § @ DEM2 Rise in average age Rise in the average age of the population due to declining birth rates and rising life expectancy 328 110
@ DEM3 Skills shortage Due to demographic change qualified employees are increasingly difficult to find 320 1.04
5o WAD1 Decreasing water de- Decreasing domestic water demand 3.85¢ 092
& mand (dom.)
= § WAD2 Decreasing water de- Decreasing industrial water demand 3.85% 092
mand (ind.)
= £ TCS1 Storage capacities Real time controlling and management of the storage capacities of the sewer system for a better 363 092
g 2 management of heavy rainfalls
_g & TCS2 Trenchless restructuring Use of trenchless restructing methods for the remediation of the sewer system 340 091
£ © TCS3 Stormwater infiltration Decentral collection. storage and infiltration of stormwater 4.00 085
E § TCS4 Sewer remediation needs  Remediation needs of sewer system 4.46* 0.7
TCS5 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 maintenance possibilities. 263 092
possibility to pull in additional infrastructure pipes (e.g. telecommunication) by winches
5 TCW1 4th treatment stage Fourth advanced treatment stage to remove new pollutants. e.g. membrane technology 3.83*  0.64
§ s TCW2 Disinfection Disinfection of wastewater before it leaves the wwitp 323 092
L= TCW3 Renewable energies Use of renewable energy sources at the wwip. e.g. solar power. fermentation gas etc. 3.80 087
';’d E TCW4 Hydropower plants Installation of wastewater hydropower plants on the wwip as a standard 313 1.03
S TCws Sludge hygienisation Hygienisation of sewage sludge for a better recycling 3.52 085
= TTCWe Phosphor recycling Recycling of phosphor at the wwtp 3.96* 068
TCW7 Heat recovery Use of heat from wastewater 3.38 085
> DEC1 Household level reuse Reuse of water and recycling of nutrients (phosphorus) on household level. cascade use of water 3.08 1.10
o =
§ £ ez Decentral sanitaion Profuse installation of decentral sanitation systems. in urban as well as in rural areas 342 099
F e CLI Heavy rainfalls Increased frequency of heavy rainfall 412 082
E § g CLI2 Heat periods Increased frequency of drought and heat periods 3.88* 095
g CLI3 Weather phenomena Increasing vulnerability to unusual weather phenomena 327 1.08
] n POL1 Unknown substances Accumulation of new so far unknown substances 3.55  1.06
E POL2 Nanoparticles Accumulation of nanoparticles in sewage 3.32 147
= POL3 Heavy metals Accumulation of heavy metals in sewage 3.04 098
& 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
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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 4
and Table 5.

FIME

Figure 4: 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 “pop-
ulation decrease”, these four variables are also characterized by the highest outdegree, i.e.
they have the highest impact on other variables.

% The two water demand variables WAD1 and WAD2 were integrated in one variable WAD during the FCM workshop.
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Table 5: Adjacency Matrix and their graph theoretical indicators
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TCS3 1.25
0.25 0.50 -0.25 0.25
CLI2 1.25
0.25 -0.25 0.25
WAD? 0.75
0.75 0.25
TCS5 1.00
-0.75
TCS4 0.75
0.50 0.50| 0.25 -050 | -0.25| -0.50 0.25
CLI1 2.75
-0.25 -0.25
FIN5 0.50
0.75] 0.75
ECONS 1.50
0.25
SOCIS 0.25
ECOLS 0.00
0.25 0.25
DEM1 0.50
025 025] 0.25 -0.25] -0.75| -0.25
STAL 2.00
-0.25 -0.25
STA3 0.50
-0.25 0.50 -0.75
TCW1 1.50
0.50
POL5 0.50
-0.25 0.25] -0.75
STAS 1.25
0.25 0.25
TCW6 0.50
1.75( 0.00 0.75| 0.75]| 050| 0.00f 0.50( 3.25 1.25( 300| 000| 000| 025] 1.75] 225| 050 0.25
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) 300 1.25] 150 175 1.25| 275 1.00| 4.75 150( 3.00| 0.50 200 0.75| 325| 275| 175| 0.75
Centrality
[terations
until
stability 18 1 2| 18 3 1 18] 19 19| 18 1 1 2| 19| 19 3 18

The analysis of Fuzzy Cognitive Map shows that the target variable “ecological sustainabil-
ity” is only driven by other factors and is not a driver of other variables, and is thus a receiver
variable. It also belongs to the variables with the highest indegree, as well as the “economical
sustainability, “drug residues” and “4th treatment stage”. “Economic sustainability”, “ecolog-
ical sustainability, and “drug residues” are also among the variables with the highest centrali-
ty.

If the steady state is simulated, the last variables reach a stable state after 19 iterations,
whereby the changes of the variable after the third round are only of marginal nature as illus-
trated in Figure 8 in the appendix. Among the variables that need 19 iterations until they reach
a stable state are the target variables “economic and social sustainability” as well as “4th
treatment stage”, and “drug residues”. “Storm water infiltration”, separate sewers”, “ecologi-
cal sustainability”, sShort public budgets” and “phosphorus recycling” stabilize after 18 itera-
tions. This shows that the analyzed system itself is stable and does not lead to a vicious-circle
of reinforcing effects.

7" The variables WAD1 and WAD2 were summarized in one variable WAD.
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The Simulations “climate change”, “demographic change” and “old relics” reflect typical
mind models of the experts expressed in the interviews and workshops. The simulations “end
of pipe policy” and “precautionary policy” reflect two opposing regulatory approaches. Based
on the Fuzzy Cognitive Map, the modelled system is simulated. Table 6 illustrates the steady
state as well as the final stable state of the simulation and the difference (A) of the latter two.
In all simulations the system also reaches a stable state after max. 19 iterations.

Table 6: Simulations of the FCM

stead Climate Demo- End- Pre- Old
statey change A graphic A of pipe A cautio- A relics A
change policy nary
policy
stormwater infiltration 0.6109 0.6507 0.0398 0.6090  -0.0019 [ 0.6109 0| 0.6109 0| 05801 -0.0308
heat periods 0.5000 1 0.3891 0.5000  -0.1109 ( 0.5000  -0.1109 | 0.5000  -0.1109 | 0.5000  -0.1109
decreasing water
demand 0.4688 0.4073  -0.2036 1 03891 0.4688  -0.1421| 0.4688  -0.1421| 0.4688  -0.1421
seperate sewers 0.5993 0.6599 0.0490 05992  -0.0117| 0.5993  -0.0116| 0.5993  -0.0116| 0.5975  -0.0134
sewer remediation
needs 0.5603 0.5871  -0.0238 05927  -0.0182| 0.5603  -0.0506 | 0.5603  -0.0506 1 0.3891
heavy rainfalls 0.5000 1 0.3891 0.5000  -0.1109 | 0.5000  -0.1109 | 0.5000  -0.1109 [ 0.5000  -0.1109
short public budgets 0.4931 0.4906  -0.1203 05244  -0.0865| 04931  -0.1178 | 04931  -0.1178 1 0.3891
ECONS 0.2355 0.1719  -0.4390 02035 -04074| 0.932  -04177| 0.2649 -0.346 [ 0.1643  -0.4466
SOCIS 0.5440 0.5010  -0.1099 05381  -0.0728 | 0.5362  -0.0747 | 0.5802  -0.0307 [ 0.5308  -0.0801
ECOLS 0.7088 0.6456 0.0347 0.7390 0.1281 | 0.7459 0.135| 0.7331 0.1222 ] 0.6936 0.0827
population decrease 0.5000 0.5000  -0.1109 1 0.3891| 0.5000 -0.1109| 0.5000  -0.1109| 0.5000  -0.1109
precautionary principle  0.5000 0.5000  -0.1109 0.5000  -0.1109 [ 0.5000  -0.1109 1 0.3891| 0.5000  -0.1109
regulation of
agriculture 0.5312 0.5622  -0.0487 0.5312  -0.0797 | 0.5312  -0.0797 1 0.3891] 05312  -0.0797
4th treatment stage 0.5581 0.5865  -0.0244 0.6481 0.0372 1 0.3891 | 04882  -0.1227| 0.5581  -0.0528
drug residues 0.2459 0.2423  -0.3686 1 03891 0.1330  -04779| 01979  -04130| 0.2459  -0.3650
classical standards 0.4359 04340  -0.1769 04359  -0.1750 1 03891 03775 -0.2334| 04359  -0.1750
phosphorus recycling 0.5374 0.5411  -0.0698 0.5374  -0.0735| 0.5374  -0.0735| 0.5374  -0.0735[ 0.5373  -0.0736

13.1.1 Climate Change

In the first simulation run, “climate change”, the variables “heavy rainfalls” and “heat peri-
ods” are activated. See also Table 6. The comparison of the steady state and the final state of
the climate change simulation shows the high impact of climate change on the sanitation sys-
tem. Almost all variables except “population decrease” and “precautionary principle” have
changed in the simulation. This is also due to the high outdegree of the two variables, and es-
pecially of the “heavy rainfall” variable. More frequent heavy rainfalls lead to an increasing
need for a decentralized stormwater capture and storage (TCS3) and a further separation of
the drain and sewer system (TCS5) which facilitates the recycling of phosphorus at the
wastewater treatment plant (WWTP). The need to regulate agricultural pollutions increases
because of the vulnerability of farmland to heavy rainfall. Following the evaluation of the par-
ticipating experts, heat periods increase the need to increase the cleaning capacity (TCW1)
which is lowering the need to increase classical cleaning standards and consequently lowering
the accumulation of drug residues in the sewage. In the end the system is characterized by an
increasing pressure on the local public budgets, and a decrease of the target variables ecologi-
cal, economic, and social sustainability.
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13.1.2 Demographic Change

In the second simulation, “demographic change”, the variables “decreasing water demand”,
“population decrease”, and “drug residues” are activated. These three variables cover three
important aspects discussed in Germany in relation to demographic change. Besides popula-
tion decrease, the German society is also affected by an ageing population, which is suspected
to reinforce the accumulation of drug residues in the sewage™®. “Water demand” is expected to
fall because of the lower number of inhabitants, but also due to a lower water demand per
capita. The simulation shows that the increase of “drug residues” increases the need for a “4th
treatment stage”. The decreasing “water demand” and population (DEM1) mainly limit fur-
ther investments, such as “stormwater infiltration” and “separate sewers”. The “sewer remedi-
ation needs” in contrary are expected to increase. Variables concerning the purification stand-
ards (STAL, STA3, STA5S) are not affected by demographic change in this simulation. Finally
the economic burden leads to a lower economic sustainability and less customer satisfaction
(SOCIS).

13.1.3 Precautionary Principle vs. End-of-Pipe

In the third simulation two different policy philosophies are analyzed, the precautionary ap-
proach is compared with a classical end-of-pipe approach. In the first simulation the variables
“precautionary principle” and “regulation of agriculture” are activated, whereas in the end-of-
pipe simulation “4th treatment stage” and “classical standards” are activated. Both simula-
tions show that “drug residues” are reduced, but in the precautionary principle simulation this
achievement goes hand in hand with an increase of all three aspects of sustainability whereas
the end of pipe approach can increase the ecological sustainability only at the expense of a
lower economic and social sustainability.

13.1.4 Old Relics

The fourth simulation, “old relics”, discusses the consequences of an insufficient maintenance
of the sewer system and inappropriate budgeting and debt management (TCW4=FIN5=1).
These bad management practices that might have been committed in the past are impairing
those of the future generations. The simulation shows that investments in the infrastructure
(TCS3 and TCS5) decrease. The lower financial capacities also reduce the possibility to invest
for example in phosphorus recycling and installing a “4th treatment stage” which leads, as a
consequence, to a slight increase of drug residues. All three aspects of sustainability decrease
in this simulation. The “old relics” simulation shows that bad management practices limit ad-
aptation options in the future.

13.2 Scenario building

In this chapter | will give an answer on RQ 2. Therefore, four scenarios are described. Based
on the precedent analysis, | identified the most relevant future challenges and analyzed their
interdependency. The first scenario, “Business-as-Usual”, incorporates the results of the FCM
and the simulations. But in order to integrate the visionary statements of some experts ex-

8 Recent research has shown that the increase of drug residues that can be found in German rivers [Heberer, 2002a; Heber-
er, 2002b] is less the result of demographic change, but of a steady increase of the volume of pharmaceuticals prescribed.
[Morgan, 2006; Royal Commission on Environmental Pollution, 2011]
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pressed in the interviews, | complete the Business-as-Usual scenario with three more vision-
ary scenarios; “Watershed-First”, “Recycling-First”, and “Mega-City”.

The scenario “Watershed-First” describes a future in which an alternative regulatory approach
is applied. This scenario can be congruent with the existing central sanitation system, but it is
also imaginable in combination with the following two scenarios. The “Recycling-First” and
the “Mega-City” scenarios describe a future sanitation system that is fundamentally different
to the existing central system and makes it mostly obsolete. The following Figure 5 illustrates
the degree of change for each PESTE category in the four different scenarios.

Political (STA)

5
Environmental Economic (FIN,

(CLI) SEC)

==¢==Business-As-Usual
== \Natershed-First
Environmental Recycling-First

(POL) Societal (WAD)

== Mega-City

Technological
(TCS, TCW, DEC)

‘Societal (DEM)

1: incremental changes
5: radical changes

Figure 5: The four different scenarios and the differentiating PESTE categories

13.2.1 Business-as-Usual

In the “Business-as-Usual” scenario the existing system is principally maintained but chal-
lenged by external turbulences (see also simulations in chapter 13.1.1-13.1.4). The wastewater
streams are collected via a central sewer system. Due to increased frequency of heavy rainfall
caused by climate change (CLI1), the sewer system is separated into a drain and a sewer sys-
tem. As much as possible, stormwater is collected, stored and infiltrated decentrally. New pol-
lutants such as drug residues (POL1) will be removed by using a fourth treatment stage
(TCW1). The wastewater treatment plant is developed as the central place for recycling, for
example, of biomass and phosphorus (TCW6). Local farmers deliver biomass to the
wastewater treatment plant. Phosphorus is recycled and used for fertilizer production. Increas-
ing energy prices push forward the use of renewable energy (TCW3,4,7) on the wastewater
treatment plant. The huge remediation needs (TCS4) are tackled by mainly trenchless restruc-
turing methods (TCS2). This financial burden is financed by a reduction of subsidies for new
constructions and a strict alignment on remediation (FIN6). The financial impacts of demo-
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graphic change (DEM1) are counteracted by an adjustment of the wastewater rates, in the
form of a basic rate in the amount of the fixed costs (FIN2). The water demand (WAD) is sta-
bilized at 80 liters per capita and day. In a few peripheral settlements decentral and small
wastewater treatment plants are installed, which are controlled via remote supervision under
the management of the local sanitation utility. The predominant regulatory approach is the
classical specification of standards (STA5). For a few specified pharmaceutical products the
precautionary principle is applied (STAL), i.e. they are only licensed as a medical drug if they
are degradable in water. In general, the sanitation utilities rise to the future challenges by a
high degree of cooperation (SEC3). The high number of wastewater utilities is reduced by fu-
sions and mergers of wastewater authorities. Purely public authorities integrate private
knowledge by formal privatization (SEC2). Competition takes place only in a very limited in-
direct way (SEC4) between partial services, such as sewer cleaning.

13.2.2 Watershed-First

The “Watershed-First” scenario describes a possible future that emphasizes an ecological
alignment of the regulatory regime and is principally consistent with the existing system but
not necessarily. This scenario was based on the following expert statement:

“Until now the operator of the wastewater treatment plant has to fulfill specific quality
standards at the final effluent discharge point. But a combined approach based on the
emissions as well as on the immissions-principle would be more efficient, economical-
ly as well as ecologically. In the future, the operator has still to fulfill specific quality
standards but this time on the watershed-level and he can decide whether he prefers to
improve the technology on the wastewater treatment plant or an investment in stream
morphology or other measures.” (summarized, translated, analogous quote, similar
statements in interview No. 9, 15 and 21)

The main idea of this scenario is that “water agencies” (to be established) manage the entire
watershed (STA2), i.e. water as well as wastewater services are combined in one integrated
agency (FIN2). It is in the responsibility of the water agency to achieve specified management
goals (e.g. water quality goals). The water agencies need to apply with their management
plans during a bidding procedure that is repeated every ten years. In this scenario the water
agency is in direct competition (SEC5) during the bidding procedure. In the management
plans the agency can freely decide whether they invest in wastewater treatment technologies
(TCW1) or pursue alternative approaches such as payments for environmental services to mo-
tivate farmers to reduce pollution from diffuse sources (STA3). Pollution-depending charging
(FIN4) might be implemented in some hot spots where a high degree of pollution
(POL2,3,4,5) and sensitive receiving waters come into conflict. It is also in the responsibility
of the water agency to decide whether settlements are connected to a central sewer system or
to small and decentral systems (DEC2).

13.2.3 Recycling-First®®

The primary concern of the recycling-first scenario is the highest possible degree of recycling
of nutrients at a household level as described in Hiessl et al. [2002].This can be achieved by

1 This scenario is also described by Hiessl et al. [2002] in a comparable way.
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rainwater harvesting, grey water recycling and the separation of wastewater streams. Grey-
water is used for gardening and washing. Yellowwater is used for the production of fertilizers
and separated in urine diversion toilets (DEC1). Brownwater and organic waste is used for
energy production. The used technology is mainly based on on-site treatment technologies,
e.g. membrane technology (DEC2). Water demand (WAD) decreases significantly (<60 liters
per capita and day).

“We have already today technologies that allow us to reduce the water consumption
drastically, for example: vacuum toilets, the 15 liter shower or the 2.5 liter dish-
washer. The question here is much more, if the technology is accepted by the end-user.
In the short run this technology is mostly interesting for rural areas, development are-
as and major green real estate projects.” (summarized, translated and analogous
quote, similar statements in interviews No. 3, 9 and 12)

The regulatory idea behind this scenario is mainly the polluter-pays-principle, whereas rising
energy and commodity prices make it more and more financially attractive to recycle the
wastewater streams. Thus, the most important driver for this scenario is, besides the financial
burden of “Old Relics” (FIN5) and the financial consequences of demographic change
(DEML1), an increasing scarcity of resources and energy, pushing energy and commaodity pric-
es such as phosphorus (DEC1). The central system is obsolete in the outskirts and low popu-
lated areas but maintained in densely populated settlements leading to direct competition be-
tween central and decentralized systems (SEC5) in the overlapping area. See Figure 6 for an
illustration of the “Recycling-First” scenario.
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ﬂmm Potable Water (S N = Stormwater
l Potable Water = ' -
Potable Water Treatment A "
Garden Fire Infiltration
Non-Potable Water (NPW-1) Extinguishing
%’ o £ 2 . Non-Potable Water (NPW-1)
o 3| & g @ o
5 = = & & Treatment Non-Potable Water (NPW-2) @
[a] T i Plant @ k5 _Y E
> B CH i = ED:
& @ . <
3 5 2
5 . 73
__‘@ 3 | @ )
Graywater NPW-2 1 |7 g £|§ s
o 3
Treatment Plant o o8 09
Sludge 3 >
>
Digestion
Disposal, Agriculture etc. (Biogas)
Fertilizer Production Energy Generation

Figure 6: Illustration of the “Recycling-First* scenario (source: [Hiessl et al. 2002])
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13.2.4 Mega-City

The “Mega-City” scenario describes a further development of the “Recycling-First” scenario.
Due to an extreme urbanization and, in these areas, high population growth (DEM1), the wa-
ter demand (WAD) cannot be satisfied by the usual sources. Therefore a fixed yearly water al-
location is apportioned to each inhabitant. As this allocation covers only the necessary amount
of drinking water, water needs to be recycled as in the “Recycling-First” scenario, but in this
scenario also in areas of high population density. Rain water harvesting, closed water cycles,
and cascade-use of water are implemented on building level. Wastewater is purified and used
several times (DEC2). Large buildings are constructed in such a way that they can supply
themselves with water and energy. [Varis et al., 2006]%° Water and energy prices increase
drastically (FIN), making the on-site infrastructure financially attractive. This scenario is first
realized in megacities of the fast growing and developing countries and in the following also
implemented in Germany.

“Especially in the fast growing urban centers in the developing and transition coun-
tries new decentralized technologies and closed-loop water system will be employed.
First, Germany’s industry will only deliver necessary technology but it is possible that
in the far future these technologies will also be put into practice one day in Germany.”
(summarized, translated and analogous quote, interviews similar statements in inter-
view No. 9 and 12)

14 Discussion

Reflecting my methodology, I would like to highlight four aspects concerning the interviews,
the expert workshop, the degree of expert participation and the scenario development.

The expert interviews turned out to be especially fruitful. Contentious uncertainties could be
removed during the interviews, negative impacts of group communication processes could be
avoided, and weak signals such as POL1 could be identified. The anonymity of the interview
and of Delphi technique played a crucial role here.

The expert workshop, in which the Fuzzy Cognitive Map was drawn, was also highly produc-
tive. Alternatively to the top 15 challenges, a backcasting approach might allow the sanitation
professionals to overcome the capability gap by asking them how a sustainable sanitation sec-
tor in the year 2050 might look like, and what is necessary to reach this goal. This might sup-
port the sanitation professionals to overcome their usual mind-models and to enhance creativi-
ty.

I combined a workshop, interviews, an online survey and an online discussion board to assure
a high degree of participation in order to facilitate a conversation and to allow experts to gen-
erate ideas in view of the responses of the other experts. Each part has had its own strengths
and weaknesses. During the workshop the motivation of the participants was very high, but
was mostly attractive for experts or sanitation professionals from the region. Here the integra-
tion of the workshop within a major conference is worth considering. This way the motivation
of experts from other regions to attend to the workshop might be higher. The high response

2 This concept is extended to food by Despommier [2008; 2011].
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rate of the online survey also has proven its attractiveness for the experts and is definitely rec-
ommendable. Worth considering is also the use of existing social networks for a Delphi study.
The use of already existing professional social networks assures a high degree of internet af-
finity and possibly also a high degree of participation in online surveys.

The Business-as-Usual scenario was completed by three explorative scenarios which were
built up on three visionary expert statements. The election of the expert statements was con-
ducted as objectively as possible, but finally based on the author’s decision. My recommenda-
tion is to assess in future research how Fuzzy Cognitive Maps can contribute to develop ex-
plorative scenarios, that are characterized by a long range time horizon and challenges that are
beyond the Business-as-Usual scenario.

Finally, the new Delphi-based scenario methodology that was tested and presented here facili-
tates to develop more objective and more creative scenarios.

15 Conclusions

The goal of this research article was to identify possible future challenges, to which the sani-
tation sector in Germany has to be prepared for in the year 2050 (RQ1) and to illustrate possi-
ble future states of the sanitation sector in Germany (RQ2).

I could answer the first research question (RQ1) in chapter 3.1. The results illustrate compre-
hensively possible future challenges, which might affect the sanitation sector in the future. |
also provided an evaluation of the relevance of the specific challenges. The catalogue of iden-
tified challenges can be used by operators of sanitation utilities and decision-makers in the
sector as a checklist within their strategic planning activities and for an intensive risk analysis,
evaluating their utility specific vulnerability. For the research community the catalogue offers
a perfect starting point for future research programs, which might investigate in more detail,
for example, how the sanitation sector should deal with drug residues.

An answer to the second research question (RQ2) was given in chapter 13.2, where the Busi-
ness-as-Usual scenario was completed by three explorative scenarios reflecting three possible
future states of the sanitation sector in Germany in the year 2050. All three explorative scenar-
ios are a valuable starting point for strategic planning activities for the authorities as well as
for operators of the wastewater utilities. | recommend using the scenarios in strategic planning
workshops as a starting point in order to assure an efficient scenario transfer and, consequent-
ly, to derive the necessary decisions that are adequate to the long life span of the infrastruc-
ture.

In view of the manifold challenges, decision-makers in the sanitation sector need to close the
capability gap and to increase its adaptive capacity. As | have shown in this article, scenario
planning offers a valuable instrument to close this gap and thereby increase the adaptive ca-
pacity of the sanitation sector.
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Appendix

4,50

4,00

3,00

overall rating [1-5] and standard deviation

2,50

2,00

Figure 7: Top 15 future challenges
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Concluding Remarks

Scenario planning offers a broad range of possibilities to deal with uncertainties caused by
changing framework conditions such as demographic change. There are even so many pos-
sibilities that the research community attests, that scenario planning contains a high degree
of “methodological chaos.” This dissertation contributes to shedding some light into this
chaotic darkness. The introductory research stream gave a first overview on the possibilities
in the sanitation sector and in the context of integrated water resources management. The
two possible scenario goals were analyzed in a separate research stream each.

The predictive research stream has analyzed the impacts of demographic change on waste-
water fees and has compared them with other effects. | could show that, if a short time ho-
rizon and a focus on a few well known trends is given, uncertainty can be handled by the
use of a ceteris paribus analysis and a sensitivity analysis.

In the explorative research stream the possibilities of scenario planning to identify possible
future challenges was assessed. In a systematic research review possible design options of
a combination of scenario planning and the Delphi technique were derived. Journal article E2
demonstrated that objectivity and creativity can be enhanced by a combination of the two
methods. In journal article E3 | undertook a Delphi-based scenario study based on the find-
ings of journal article E2. The goal was to identify possible future challenges for the sanita-
tion sector in the year 2050. The integration of expert interviews and the assurance of ano-
nymity were especially fruitful with regard to the identification of weak signals. The use of
Fuzzy Cognitive Maps facilitated the integration of expert knowledge and the illustration of
driver interdependencies. The results of the explorative research stream offer an excellent
starting point for decision-makers in the sanitation sector to incorporate possible states of
the future in their long range planning activities. Since a high effort is required to realize a
complete scenario planning study, | recommend conducting a scenario exercise within a
broader framework, such as an association or other larger organizations. Nevertheless, even
small and medium sized sanitation organizations should be encouraged by this dissertation
to incorporate scenario thinking in their daily routine.
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