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1 Introduction

The discussion of sanitation concept differing from the conventional one, i.e. systems with one
sewer system and a central wastewater treatment station, is an ongoing increasing process.
These new sanitation concepts have the target of saving and reuse the water as well as the
nutrients. The approach of being a more appropriate technology can be demonstrated by life
cycle analysis (Peter-Frohlich et al, 2007). Due to the lack of implementation and long time
experiences detailed cost comparison are not available yet. First estimations have been done
and have shown a tendency, but detailed investigations have been missing.

The results of the SCST-project, which represents an experience of four years implementation
and operation of a new sanitation concept, will be used for a cost comparison of different
sanitation systems.

It is obvious that the prerequisite for a successful implementation beside the technical
applicability is the demonstration of the systems benefits. These new sanitation systems will
receive only acceptance, when economical benefits or other significant benefits will support
their introduction. Therefore studies of cost comparisons are necessary and an important issue.

2 Results of the Cost Calculations of the previous project phase

The first cost comparison has been made at the projects beginning and was a rough calculation
basing on many assumptions. This study included a cost comparison between two new
sanitation concepts with gravity and vacuum separation toilets and the conventional system. It
could be demonstrated that the new sanitation concepts have not only ecological advantages
but can also have economical advantages (Peter-Frohlich et al, 2004).

Different sanitation systems have been compared with various cost levels for two different sizes
of the housing estate.

In the Figure 1 only the sanitation concept with gravity separation toilets is significantly cheaper
than the conventional system for the chosen housing estate of 672 inhabitants. With an
increasing number of inhabitants, shown in Figure 2, both new sanitation concepts are cheaper
compared to the conventional system after 3 and 9 years, respectively.

8

74

vacuum separation
toilets, digestion

(<2

ol
L

Costs [ 10° € ]
NS

w
L

™~ .
separation
2y toilets, composting
1
0 T T T T
0 10 20 30 40 50

Time [a]

Figure 1. Total project costs for the conventional and the new sanitation concepts (672 inhabitants); cost
basis: local company
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Figure 2: Total project costs for the conventional and the new sanitation concepts (5,000 inhabitants);
cost basis: local company

Also the investigation of other much lower cost levels for the fees of water and wastewater has
shown benefits for the new sanitation concept especially for a larger size (Figure 3).
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Figure 3: Total project costs for the conventional and the new sanitation concepts (5,000 inhabitants);
cost basis: Berliner Wasserbetriebe

Already in this phase of the project it was obvious that the result of the cost calculation is mainly
depending the specific conditions of the housing estate.

Basing on the experience received from the installation and operation of the new sanitation
concepts during a period of four years the cost calculations are made once again. With a much
higher approach concerning details and with the knowledge from own operation the results will
become more reliable.

3 Objectives

The cost calculations have to be made for an existing example otherwise there will be a lot of
assumptions that weakens the cost calculations. The objective of the cost calculation is the
comparability of the cost calculations for different sanitation concepts and the identification of
the main influencing factors. Advantages and disadvantages of the different variants and their
cost relevance will be investigated.
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Beside these aspects the cost calculations should deliver information concerning the following
issues.

« Due to the use of the same data frame for the ecological as well as economic investiga-
tion receiving a comparable level.

e Detailed information due to use of the costs received from the projects experience re-
ceived from four years of operation.

 Receiving of reliable data for statements concerning the economical advantage and dis-
advantage of new sanitations concepts

e Confirmation of the results received from the former investigations.

e Identification of factors, which are very sensitive for the economical view.

e Support for the future introduction and application of new sanitation concepts.

4 Methods
4.1 Methodology

4.1.1 Specification of the chosen area

For the cost comparison an existing real estate area, Berlin Nicolassee, have been chosen. For
this area data from a GIS-based system and data of the existing sewer system were available.

Table 1:Main data of the investigated area

Area 126 ha
Inhabitants 4,891
Single houses 649
Semidetached houses 98
Terraced houses 123
Multi storey buildings 130
No of units 1,000

A map of the area is shown in Figure 4 in which the project area is marked with the yellow
colour. For the investigations this area which its known characteristics is treated as an
independent working area, influences from the outer boundaries (buildings, roads etc.) have
been neglected.

It is obvious that this is a low densely populated area typical for modern urban areas with single
houses. Due to the lack of information public buildings installed in this area were not taken into
consideration; the area has been reduced to a “living area”.
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Figure 4. Map of the area Berlin-Nicolassee

For these area different sanitation systems have been planned and the cost for these systems
have been calculated.

Due to the fact, that new sanitation concepts have also a significant impact on installation inside
the houses, these were taken also in consideration. The framework of the investigation has
been chosen from the source (toilet) the transport systems (pipes in the houses and outside of
the houses) to the treatment station. Installations are not included which are the same for all
systems or belonging to other technical areas like:

e Water supply network

* Rainwater management, treatment and/or utilisation

* Household appliance like washing machines, dish washers
e Sinks, showers, bathtubs

e Combined heat and power units (CHPU)

For each system the quantities of installations have been evaluated in detail like length and
dimension of the pipes inside the houses as well as the size and depth of the sewers
transporting the different flows of the various sanitation systems. For the quantities an
appropriate price per unit have been chosen and used for the cost calculation. The similar way
was taken for the treatment stages, here with the division in construction, machinery and
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electrical installation. For each item a specific lifetime has been given, this is the prerequisite for
the dynamic cost calculation.

The basis of the specific prices have been the experience from this project during the
construction phase in the apartment house and the office building, from other projects and from
literature. Details are given in the annex.

All the data and assumption are chosen in accordance with the life cycle assessment
investigation. With this assumptions the economical investigations are supported by the life
cycle investigations.

In addition to the investment calculations the operation costs are also used in the investigations.
The operation costs are in detail:

e Salaries for the personnel

e Maintenance costs for the sewer systems

e Costs for precipitants

e Costs for the regular analysis of the treated wastewater and its discharge fees in accor-

dance to the “Abwasserabgabengesetz”

e Costs for the collection of organic and biowaste and its transport

e Costs for the sludge disposal and treatment

* Revues for other valuable outputs (compost, fertilizer, energy etc. — see chapter 4.1.3

4.1.2 Description of the investigated sanitation system

Six different sanitation systems have been investigated. The systems will be explained more in
detail, a comprehensive survey of the systems is given in Table 2.

Variants 1 — 3 have also been investigated in the life cycle assessment. In opposite to the
ecological investigation constructed wetlands have not investigated in detail by the economical
evaluation. The reasons for this is the large area demanded for the treatment of the flows on the
level of 5.000 inhabitants. This leads to unrealistic areas, which can be used better for living
purposes than for the treatment of wastewater especially in urban conditions where the demand
for construction plots are ever given. Therefore only the technical treatment stations for the
treatment are taken into consideration.

The different variants will be described by words and a table and figure in which all important
flows and treatment stages are shown.

Variant 1: Conventional sanitation system

The variant 1 is the reference system represents the conventional wastewater system. The
houses are equipped with normal sanitation installations and the wastewater flows in a gravity
sewer system to a pumping station from where the water is pumped to the treatment station. As
a treatment a SBR (Sequencing Batch system) is foreseen. The treatment station is designed
as a treatment station for the residential area only. Other houses are not connected to the
system. The water consumption and wastewater volume is calculated as 101 litres per person
and day.



OtterWasser

Simulation of wwtp « New Sanitation Strategies « Integrated Concepts

SCST Cost Calculation Page 6 of 63
tiant 1 2 3 4 5 fi
el ster Gray . Seaner, Gray . SEwer, Gray. sEver, Colledi
Dress. sevier, | press. sewver, [XESS. SEAESR, Cgrr.ta Aon
colledtion collection caledion Al

Biroien \Water Grawity sswer, WACULIT SEEr,

veRevater, GRS “ACLLIM SEwer, Biogas
1 SBR S%Wufh Sestp., Biogas Gray. sewer, Graw. sewer,
po 1 SBR 1 %BR
ey Wiater Graw, sewer, | Grav, sswer, Giray. sEner,
1S0R 1 S0k 1S0R

. aliad Biowaste
"-g -

- SRUIMENT | ="

= o tation

Figure 5. Scheme of the conventional sanitation system — Variant 1

The biowaste of the houses is collected in a bin system and will be treated in the public
biowaste system.

This system is representative for a small wastewater system, which is not uncommon for
villages in this range.

Variant 2: 3-flow gravity system

The second sanitation system is a system with three different sanitation flows. With the use of
gravity separation toilets Yellow water (urine undiluted with water) is separated from the brown-
water (faecal matter with flush water). Both flows were transported in gravity pipe systems
outwards the house. Due to the high concentration solid concentration of the brown water and
the possibility of clogging of the pipes during the transport for the brown water transport over
long distances a pumping station with a cutting wheel pump an a pressure pipe system is
foreseen.

Grey water from the kitchen is also separated by an use of an own pipe system. For this
separation purpose a three-pipe system has to be installed inside and outside of the houses.
Due to the same direction of the pipes a common installation in common trench is foreseen and
results in a cost saving due to reduced digging works.

The yellow water is stored in underground storage tanks, which are distributed over the area (4
places with 3 tanks each with 11 or 12 m3). The storage time for the urine is calculated as 3 -5
weeks, depending from the number of connected houses. These tanks are emptied regularly
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and transported for the use as fertilizer to the agricultural land, where seasonal storage takes
place before the use. The transport distance was chosen to 20 km as a medium distance.

The brown water is transported to a treatment station. The first treatment stage is a separation
of liquid and solids. This separation unit is not described in detail but it is assumed that the
technology will be available for a reasonable investment. The solids will be treated aerobically
together with the collected organic waste in a composting unit and the product compost is sold
as a product as soil conditioner or fertilizer.

The first stage of the grey water treatment is a sedimentation unit. The liquid phase from the
grey water sedimentation is treated together with the filtrate from brown water filtration in a SBR

treatment stage.
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Figure 6: Scheme of the 3-flow gravity system — variant 2

Variant 3: 3-flow vacuum system

The third system is also a 3-flow system, but in opposite to the variant 2 the brown water is
collected by vacuum toilets with a water flush use of 1 litre per flush and its transport in a
vacuum sewer system. Three vacuum stations for the production of the low pressure in the
sewer system are distributed over the area. Due to the low dilution rate the brown water can be
treated anaerobically together with the grinded organic biowaste in a biogas plant. The biogas is
be used for the process and for energy production. After the treatment in a biogas plant a
thickener is installed and the liquid phase of this process is treated together with the grey water.
The sludge from the thickener is used as an organic fertilizer in the agriculture.

The two other flows yellow water and grey water are treated like in variant 2.
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Figure 7. Scheme of the 3-flow vacuum system — variant 3

Figure 8: Sewer system as an example for the evaluation for the sewer pipe quantities



