
Strategic planning of r
urban water infrastructure
Sustainable strategic planning of Switzerland’s drinking water supply and wastewater
management infrastructure has to take future demand and uncertainties into account.
Rather than aiming to reduce costs as far as possible, sound solutions seek to optimize
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benefits over the entire lifespan and are adapted to local conditions. There is no "one-
size-fits-all" solution for the country as a whole.

Switzerland's drinking water supply and wastewater manage-
ment systems are key elements of its public-sector provision.
Thanks to targeted investments over the years, the country now
has a safe and effective nationwide water infrastructure, provid-
ing high-quality services. The wastewater management sector
alone comprises a sewer network with a total length of around
87,000 kilometres, 759 centralized and 3500 small treatment
plants, and approx. 30,000 pretreatment facilities. The estimated
replacement value of Switzerland's water supply and wastewater
management infrastructure is CHF 218 billion; this does not in-
clude recurring imputed costs of around CHF 8 billion per year [1].

Planning for the future today. To ensure that available resources
in the water supply and wastewater management sector are de-
ployed cost-effectively over the long term, it is necessary to begin
planning for the future today and to take strategic decisions on the
development of urban water management. To this end, there is a
need to identify the operational and political factors which signifi-
cantly influence the urban water management system. In particu-
lar, all the uncertainties which are inevitably involved in strategic
planning need to be assessed, as far as possible, and integrated
into decision-making in a transparent manner. Here, researchers
have a special responsibility to make appropriate methods avail-
able for the development of realistic future scenarios and the
evaluation of new approaches.

For example, it is important to know for costing purposes
whether a system shows economies (or diseconomies) of scale
— in other words, whether it becomes relatively less (or more) ex-
pensive with increasing size. Also to be investigated are the costs
of uncertainties taken into account in the planning process.

Are large plants really less expensive? At first glance, waste-
water (WWTPs) and drinking water treatment plants seem to
show marked economies of scale: if the size of a plant is doubled,
the costs are increased by only 60-70 per cent. Large plants thus
appear to be relatively less expensive. Calculations indicate that
the replacement costs for Swiss WWTPs designed to serve a
population of 100,000 are on average 3.5 times lower per capita
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than for plants serving a population of 1000 (Fig. 1). Comparable
economies of scale can also be demonstrated for WWTPs in
other countries and for drinking water treatment systems [3]. The
reduction in costs due to economies of scale is currently one of
the main arguments used to support the combination of WWTPs
into centralized systems.

However, larger systems require a larger sewer network. Con-
sidered in their entirety, do such systems still show economies
of scale? To answer this question, we developed a mathematical
model which, on the basis of settlement data from Federal
Statistical Office land use statistics, represents the dimensioning
of combined sewer infrastructure in Switzerland [4]. In this model,
population and building density and catchment area size are
used to estimate the length and replacement value of the sewer
network for a settlement. In addition, the model can be used
to determine the most important quantitative factors affecting
construction costs for combined sewer systems.

Essentially, three factors are relevant: the pipe diameter, the
proportion of impermeable surfaces, and the population and
building density. Larger settlements have more extensive sewer
networks, necessitating a larger pipe diameter which in turn
increases construction costs. In addition, they generally have a

Fig. 1: Economies of scale seen in the replacement value of Swiss WWTPs.
The replacement value in Swiss francs per capita is shown here as a function
of design capacity for 128 plants. As design capacity increases, the costs per
capita are reduced. [2]
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ln the water supply and wastewater management sector, efforts are currently
focused on preserving the value of existing infrastructure. But there is also a
need for tools to assess future requirements.

higher proportion of impermeable surfaces, i.e. a lower runoff
coefficient. This means that more stormwater has to be drained
via the sewer network, leading to an increase in design capacity
and higher costs. However, costs will be reduced with a higher
population and building density, as they are distributed among a
larger number of inhabitants.

No clear economies of scale. While pipe diameter and imper-
meable surface area are clearly associated with diseconomies of
scale — costs rise disproportionately as size increases — population
and building density show economies of scale. In Switzerland,
these various factors balance out: in other words, the replace-
ment value, statistically, is not relatively lower (or higher) in larger
settlements. Overall, therefore, the Swiss sewer network does
not show economies of scale (Fig. 2).

As the construction costs for a WWTP amount to only
10-20 per cent of those for a sewer network, it can be concluded
that for Switzerland's wastewater management systems as a
whole (sewerage and WWTPs) there are no clear economies of
scale: the construction costs for larger systems may — but need
not — be lower. This means that assigning wastewater manage-
ment to a small number of centralized plants does not necessarily
lead to lower costs. The planning of new systems, therefore, calls
for a flexible approach. In particular, such planning needs to take
into account possible future scenarios for settlement structures
(e.g. sprawling development or growth). Sparsely settled areas
with uncertain future prospects, in particular, are disproportion-

ately cost-intensive. ln regions of this kind, a decentralized waste-
water treatment system could be the better option.

Considering uncertainties in the estimation of costs. Infra-
structure represents a long-term investment, which also needs
to satisfy the requirements of the future. For example, treatment
plants are designed and constructed on the basis of predictions of
how demand will develop over the next 30 years. With the deter-
ministic planning approach which is generally used, it is assumed
that demand will grow at a certain rate and capacity is specified in
such a way that plant utilization will be 100 per cent at the end of
the plant's lifespan — i. e. it will be able to meet projected demand
throughout its service life.

Obviously, however, any analysis of the future involves uncer-
tainties. As a result, a plant may in fact be unable to meet demand
before it reaches the end of its lifespan, or the predicted capac-
ity utilization may never be attained. Either under- or oversizing
will lead to additional costs. Of relevance, here, are not only the
production costs (total plant construction costs) but also the per-
capita costs arising throughout the period of operation.

Using a method developed by our group, it is possible to quan-
tify in monetary terms the effects of planning uncertainties [5].
With this approach, we can model all possible developments of
demand and calculate the costs per user in each case. In addition,
different weights are attached to the likelihood of occurrence of
the various scenarios. The extent to which expected demand can
vary when uncertainties are taken into account is demonstrated
by the hypothetical example given in Figure 3.

According to our model, costs per user are mainly determined
by the growth rate and uncertainty of demand: for example, the

Fig. 2: Replacement value of combined sewers in Swiss settlements. The
costs per capita are not reduced as design capacity increases — i. e. there
are no economies of scale. [2]
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greater the extent and duration of overcapacity, the lower the
average capacity utilization over the plant's service life. In Fig-
ure 3, the average load is 66 per cent. Compared to a solution
where growth does not have to be taken into account, the life-
time costs are thus 34 per cent higher than would be required on
the basis of actual demand.

Our method also makes it possible to assess the probability
of costs being considerably higher than expected. In the example
shown in Figure 3, the costs will be more than 34 per cent higher
in 80 per cent of cases and more than 49 per cent higher in 10 per
cent of cases (not visible in the graph). The reference value for
costs is always taken to be the average construction costs per
user with the plant operating at full capacity and without any
uncertainties.

From this perspective, flexible solutions which can be adapted
to growing demand in a modular fashion may now prove to be
superior and ultimately less expensive than would appear from
a conventional cost comparison method which takes neither de-
mand growth rate nor uncertainties into account.

Regional Infrastructure Foresight. To ensure sustainable devel-
opment of water infrastructure, investment decisions need to be
based on an integrated planning process. Rather than focusing on
reducing construction costs as far as possible, sound solutions
will seek to optimize benefits over the entire lifespan. To support
this planning process, Eawag is participating in two National
Research Programmes sponsored by the Swiss National Science
Foundation — “Sustainable Development of the Built Environ-
ment" (NRP 54) and "Sustainable Water l\/lanagement" (NRP 61).

In “Regional Infrastructure Foresight" (RIF) — a project, now
completed, which formed part of NRP 54 — we collaborated with

Fig.3: Expected demand, with uncertainties taken into account, in a hypo-
thetical scenario. The thick curve represents an expected increase in plant
utilization of 3 % per year according to a deterministic approach. Plant utiliza-
tion would thus reach 100 % after 30 years. If demand remains consistently
below this curve, the plant is oversized and the costs are higher than pre-
dicted. In contrast, if plant capacity is exceeded before the end of the lifespan,
the plant is undersized; the costs are then also higher than predicted. The
thin curves represent various possible development scenarios, taking uncer-
tainties into account. [5]
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Wastewater management

key policymakers in elaborating a strategy for the regional devel-
opment of urban water management [6]. We identified important
pointers by which more detailed decisions should be guided.
Essentially, RIF comprises two central elements:
> Future scenarios: a wide variety of developments are postu-
lated for the most important factors influencing the urban water
management sector. They represent the future under different
economic conditions — ranging from explosive growth to serious
decline — and provide a basis for evaluation of the various options
available.
> Available options: with the aid of a systematic overview, pos-
sible options are explored for the development of local drinking
water supply and wastewater management. These include both
technological and organizational aspects, e.g. increasing catch-
ment area size or comparing centralized versus decentralized
treatment systems.

On the basis of policymakers’ goals, the various options can
now be independently evaluated for all future scenarios. This
makes it possible to select the option which is both preferred
by policymakers and as robust as possible with respect to the
various future scenarios.

In a case study involving the Kiesen and Aare Valley in Canton
Berne, for example, it was shown that a "shoulder-to-shoulder"
strategy should be pursued for wastewater treatment, with an
organizational merger of the region's WWTP associations. The
strategy selected yielded medium to high desirability for policy-
makers with regard to all future scenarios and thus turned out to
be the most robust option. All other options received a low rating
for at least one scenario and exhibited lower robustness.

Sustainable Water Infrastructure Planning. The "Sustainable
Water Infrastructure Planning" (SWIP) project (part of NRP 61)
quantifies the effects of specific options and management ap-
proaches, and compares these with the goals of all stakeholders.
For example, greater expenditure on repairs could reduce the
risk of burst pipes, thereby preventing disruption of services.
The question then arises whether stakeholders are prepared to
make greater investments or whether they prefer to accept more
frequent disruptions.

With case studies carried out in a number of communes,
the planning process is to be optimized and specific planning
measures are to be developed for water supply and wastewater
management infrastructure. The project seeks to balance econ-
omic (predicted costs), environmental (ecosystem impacts) and
social aspects (stakeholder values).

Special attention is paid to the fact that many Swiss com-
munes lack precise data on infrastructure and that future devel-
opments cannot be predicted with certainty. SWIP is based on
existing planning instruments such as the General Wastewater
Management Plan (GEP) or General Water Supply Plan (GWP),
which identify defects in communal infrastructure and propose
investment plans.

Alongside the regional RIF and SWIP approach, we are cur-
rently investigating trends and knowledge gaps at the national
level. According to the preliminary "Water Supply 2025” study,
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the security of Switzerland’s drinking water supplies is assured 

in the future. However, the report identifies a need for further 

research, e. g. concerning the impact of climate change on raw 

water quality and structural requirements for a sustainable water 

supply system. The relevant publications and recommendations 

are available on the Eawag website [7]. Work on the “Wastewater 

Management 2025” study is to be completed in the autumn of 

2011, and the report will also be published online.

No “one-size-fits-all” solution. While in practice efforts are 

currently focused on preserving the value of existing infrastruc-

ture, there is a need for methods to facilitate the assessment of 

future requirements. This is essential if Switzerland’s urban water 

management services are to be maintained and optimized over 

the long term.

A sound basis is required for decision-making on the technol-

ogies and systems to be used in the future. It is also important 

and advisable to include radically new concepts such as decen-

tralized systems in the evaluation process. Thanks to technologi-

cal advances, decentralized approaches in particular represent 

an  attractive option for the future [8]. A more detailed account of 

these systems is given in the article on page 30.

Unlike mere value preservation, which calls almost exclu-

sively for technical expertise, sustainable strategic planning has 

to consider fundamental questions and the needs of all stakehold-

ers. Whether responsibility for wastewater treatment should be 

assigned to a neighbouring commune, or whether a communal 

enterprise should be converted into a joint-stock company (AG), 

are typical organizational questions arising in the course of 

strategic planning. In a case study in the Klettgau region (Canton 

Schaffhausen), for example, the original question raised was how 

the WWTP was to be expanded; but other options were then 

considered, including a merger with a neighbouring WWTP in 

Germany and complete decentralization of wastewater treatment.

In summary, strategic planning for the Swiss urban water 

management sector needs to combine two different questions: 

How can existing structures be further developed and in what 

direction should this development proceed? The results to date 

clearly indicate that there is no “one-size-fits-all” solution for the 

country as a whole. Instead, what is needed are solutions opti-

mally adapted to local conditions. i i i
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The Mönchaltorf WWTP (Canton Zurich) is one of the plants involved in the 

SWIP project, which aims to optimize the planning process and develop 

 specific planning measures for the water supply and wastewater management 

infrastructure of various communes.
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