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Preface

This minor thesis on Decentralized Sanitation ardd® (DESAR) was performed within the
MSc. Environmental Sciences. This research is donthe Urban Environment Group (UE)
of the University of Wageningen. The UE-group, thge with Lettinga Associates
Foundation (LeAF), are currently building a databasa DESAR projects in Europe with the
idea of comparing and mapping practical experiendéss includes an assessment on
operational performance, user acceptance and césis.this report two projects are
investigated:

“Arbeiten & Wohnen” a model housing project in Freiburg im Breisgau
“Ostarkade” an office building of KfW Bankengrupp e in Frankfurt am Main
During this research many actors where willing édphme gathering all the knowledge that
was needed for this research. Not only for thiseeal would like to thank them all but also
for the pleasant time that | experienced duringstay in Germany. A special thanks for Arne
Panesar for his hospitality. He made it possiblst&y within the complex so that | could use
the applied systems by myself.

Finally 1 would like to thank my supervisors, Adaia Mels and Okke Braadbaart, for given
me the opportunity to do this research and forthssistance during my research

Erwin Koetse

Date: 29 July 2006
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Summary

Nowadays there is a lot of interest in new typesanfitation systems that are designed to be
improvement of the current sanitation system thdiased on large-scale sewer systems and
centralised wastewater treatment. A general namethis kind of systems is DESAR,
DEcentralized Sanitation And Reuse These non-cdioreal sanitation systems are
developed to avoid the reduce the volume of watsduto reduce emissions into the
environment and to enable the reuse of nutrierdsr@ated wastewater.

A wide range of technologies can be applied in @hasn-conventional systems.
Decentralised systems, waste separation at sonctenaimization of dilution are the main
features of many DESAR systems but mixtures of neaksed and centralised systems are
also possible.

On different places all around the world demongratprojects of DESAR systems are
applied. For this research two selected sites inm@ey are investigated where DESAR
systems are implemented.

The selected research sites in Germany were:
1. “Arbeiten & Wohnen” a model housing project in Freiburg im Breisgau
2. “Ostarkade” an office building of Kfw Bankengruppe in Frankfurt am Main

The information that was collected within the framoek of this thesis includes a technical

study of the implemented technologies, an inventdrthe involved actors, an inventory of

the drivers and barriers that were the reasorh®irhplementation of these DESAR systems,
the operational performance, the costs and the ter@nce requirements and the user
acceptance in order to provide better informatiol &nowledge about the implemented

systems. The research objective was to investitjgteractical application of two selected

DESAR projects in Germany in order to evaluatepgbtntial in this approach for other new

housing projects in Germany (and The Netherlands).

Main research guestions:

1 What are the key-features of the implemented ecegatems of the selected sites in
Germany based on the technical description, drivarel barriers for the
implementation, performance, maintenance, codistla® user perception of the two
selected sites in Germany?

What are the main features of the conventionaka@omn system in Germany?

Could the investigated DESAR concepts be an inmeapproach to the current
conventional domestic wastewater treatment systenGermany (and / or The
Netherlands)? In other words, does it offer advgegacompared to the current system.

2
3

In order to investigate the second research quest® wastewater treatment of Frankfurt am
Main is selected as research site for the convesitivay of domestic wastewater treatment.

Urban Environmental Management 2
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The idea of implementing alternative sanitationaapts in a passive energy house or office
building can be accomplished by collaboration betweifferent actors. First of all the project
owner has an idea that needs to be designed byaseaators like, technology suppliers,
architects and technical bureaus to give an clearview what the possibilities are and the
best way of implementation.

Both projects show some similarities concerning thke of the actors. For the project
“Arbeiten & Wohnen” other actors are involved besawf the scale and intensions of the
project. For instance it is financed from privatel yovernment funding as for the KfwW by
their own resources. At the project “Arbeiten &* Wen” an association is formed who was
responsible for the management and juridical assist

By applying DESAR concepts within the project “Aifte® & Wohnen” a water saving of
approximately 52 litre per day is established, whssumed that 147 litre/day is normal. As
for the personal at the “Ostarkade” they use agrame of 20 litre fresh water each day.
When assumed that in normal situation 35 litregeduwithin is a office by an employee it
saves 15 litre each day. The fees are dependinth@mamount of freshwater used (as
explained before) so less fees has to be paidectsply € 55,- and € 16 for the residents of
“Arbeiten & Wohnen” and the KfW per employee peaye

The investment costs of the project “Arbeiten & Weh” are higher when DESAR concepts
are implemented on this scale in comparison wighcibinventional wastewater treatment plant
(regarding the amount of p.e.). The investment tarsthe grey- and blackwater treatment is
approximately € 6300,- with an service life of y&ars is € 210,- per year in comparison
with the conventional treatment that costs € lddheyear (useful service life 30 years). As
for the operational/maintenance costs the DESABssitre cheaper than the conventional
wastewater treatment plant.

The residents of the project “Arbeiten & Wohnene aatisfied with the current situation,
although there are some who think that the sysgenot running on it full potential as it was
designed for. With this they mean that there ismensive reuse of the treated greywater for
flushing of the toilets and the fact that the b®gastallation is not in operation. Despite the
fact that these parts are not in operation theleesiare pleased with the fact that they own
and use an ecological sanitation concept that ibanéss to a better environment. Not only the
ecological aspects are important but also the kooiatacts between the residents and the
economical advantages (water saving) they expexienc

The investigated DESAR concepts can be an altemapproach to the current conventional
domestic wastewater treatment system in Germang (aor The Netherlands). In other
words, it offers advantages compared to the cusgstem. Advantages are based on, social,
economical and performance of the DESAR systemspaosad to the conventional way of
domestic wastewater treatment. By incorporating PESconcepts in a building like
“Arbeiten & Wohnen” the residents feel like theyearesponsible for treating their own
wastewater, ecological thinking is improved. A eosontact between the residents is
established. Not only on social level but alsofmeconomical level advantages are achieved
for both projects in the form of water savings amalybe in the future the use of biogas within
the project “Arbeiten & Wohnen”.

Overall it can be stated that both projects arevshse projects of innovative technologies

that are contributing in the closed-loop concegdtsvastewater management. They are an
example for further implementations not only in @any but also worldwide
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1 Introduction

1.1 Background

The first conventional sanitation systems in thehidands were introduced in the 1870s.
They consist of a network of sewerage pipes tlaasport wastewater out of the city towards
centralised wastewater treatment plants. The pyimaals of the systems are:

- Protection of public health by safe removal andttreent of human waste products.

- Protection of surface water quality and environmgnthe prevention of discharging

oxygen binding substances and nutrients. (Stow@s-2@).

The wastewater system in The Netherlands functresis with respect to its main function,
the protection of the public health. Also the potiten of surface water and environment by
the prevention of untreated discharges is genevedliy, with exception of sewer overflows
during rain events.

However, despite of its merits, the conventionabteaater management system is coming
under increasing criticism for being economicaliydaenvironmentally unsustainable. Some
problems that the wastewater plants are coping avith

- Relatively high energy consumption at the wastemmeatment plant (aeration)

- High sludge production (chemical waste);

- Nutrients are destroyed and not recovered;

- Emissions of C@into the atmosphere;

- Wastewater treatment plants have to cope witreasingly stricter effluent standards.
To cope with these stricter standards the energyswuoption of the conventional
system will increase and a larger sludge produgtidiroccur;

- The cost for the treatment/disposal of the predusludge and the treatment of larger
amounts of wastewater are financially increasing.

The sewerage is needed to transport wastes offteMtards to conventional wastewater
treatment plants where it can be treated and déspoEhese conventional sewerage systems
require an elaborate infrastructure and large amsoohwater to transport the wastes. Some
other problems that the sewerage are coping with ar

- Pollution of soil, by leakage of sewer;

- High maintenance/construction costs;

- Within combined sewage system, a dilution of waster by added rainwater occurs;
- Rainwater is transported out of the area. Whichlead to drying out of the soil.

Nowadays there is a lot of interest in new typesafitation systems that are designed to deal
with the problems of the wastewater treatment glaidtgeneral name for this kind of systems
is DESAR, DEcentralized Sanitation And Reuse anB®@OSAN (ECOlogical SANitation).
These non-conventional sanitation systems are dpedlto avoid the discharge of domestic
wastewater into the environment and to enableeahee of nutrients (like phosphorus, which
has limited global supplies), organics, water anergy, that are present in the waste streams
and end products. A presentation in poster forth@$e advantages is given in appendix 1.
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A wide range of technologies can be applied in g¢hesn-conventional systems.
Decentralised systems, waste separation and miaiioizof dilution are the main features of
many DESAR systems but mixtures of decentralised eentralised systems are also
possible.

On different places all around the world these DRS#stems are applied. For this research
two selected sites in Germany are investigated &/BDESAR systems are implemented. The
information that was collected within the framewarkthis thesis includes a technical study
of the implemented technologies, an inventory & thvolved actors, an inventory of the
drivers and barriers concerning implementation hifse DESAR systems, the operational
performance, the costs and the maintenance reqeitsrand the user acceptance. As a start a
general overview of the conventional way of wastewareatment in Germany is given in
chapter 3, and also for the selected site FrankfortMain. For Freiburg only the cost are
taken into account.

The ultimate aim of the research is to providedratiformation and knowledge that can be
used for technology selection.

1.2 Research objective

The research objective is to investigate the praktipplication of two selected DESAR
projects in Germany in order to evaluate the pddeimt this approach for other new housing
projects in Germany (and The Netherlands).

To do so, we will investigate technical featuresyets and barriers for the implementation,
performances, maintenance, costs and the usempperte

1.3 Research questions

Main research questions:

What are the key-features of the implemented DESARtems of the selected sites in
Germany based on the technical description, drieed barriers for the implementation,
performance, maintenance, costs and the user piemcepf the two selected sites in
Germany?

What are the main features of conventional domegstewater treatment in Germany?
Could the investigated DESAR concept be an altermatpproach to the current conventional
domestic wastewater treatment system in Germangt (aor The Netherlands)? In other

words, does it offer advantages compared to thecusystem.

Sub questions:

1. What is the conventional domestic wastewater manage system for Germany in
general and more specifically for Frankfurt am Maere a DESAR concept is
applied in the office building of the KfW Bankengnpe?

2. Which actors were / are involved in the decisiorkimg process (technology choice)
of the two selected projects?

Urban Environmental Management 7
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3. What are the drivers for applying certain ecolobgamitation systems for the selected
sites according to the actors?

4. What are the barriers for applying certain ecolaljisanitation systems for the
selected sites according to the actors?

5. What are the differences between the drivers antebs between the involved actors
per selected site?

6. What are the technical features of the implemeetaalogical sanitation systems per
selected site?

7. What is the performance of the selected ecologieaitation systems per selected
site?

8. What were and are the financial aspects for théexppcological sanitation systems?

9. How do users perceive the applied ecological stmitaystems per selected site?

1.4 Interviewees

The stakeholders that were interviewed for the psepof this research are:

- Actors who are and were actively involved in theigsien making and realization of
the selected sites

- Households / employees using the systems at thextedl sites in Freiburg and
Frankfurt am Main

- Employees of the selected wastewater treatment pfdfrankfurt am Main.

1.5 Outline of the report

In chapter 2 the research design of this researghie@sented. The next chapter presents the
wastewater management system of Germany, followetthd conventional way of domestic
wastewater treatment in Frankfurt am Main. Theesafn chapter 4 and 5, the research sites
“Arbeiten & Wohnen” in Freiburg and the office bdiihg “Ostarkade” in Frankfurt am Main
are described. In chapter 6 the conclusions artldnast chapter the recommendations are
given for further research.

Urban Environmental Management 8
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2 Research design

2.1 Introduction

In this chapter the design of the research is desttrincluding the selected sites and methods
that are used in order to retrieve the informati@eded for this research. The division is

made between: drivers and barriers, system perfzenand costs.
2.2 Selected research sites
The selected research sites in Germany were:

3. “Arbeiten & Wohnen” a model housing project in Freiburg im Breisgau
4. “Ostarkade” an office building of KfW Bankengruppe in Frankfurt am Main

In the map below (figure 1) the selected sitegpaiated out with a red arrow.
it

Figure 1: Locations of the selected sites in Germahywww.stadtplandienst.de

! Sourcewww.bugbog.com/maps/ europe/germany map.html
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In order to get an insight in the conventional waly wastewater treatment, the local
wastewater treatment of Frankfurt is visited angleaeral literature research has been done
for the conventional wastewater management sysigaermany .

The conventional wastewater treatment plant whaeesastewater of Freiburg is treated has
not been visited. The reason for this is that itldaot fit in the available research time.

2.3 Drivers and barriers

To gain insight in the decision-making of the desagnd implementation phase of the system
several actors involved are interviewed according tjuestionnaire. The used questionnaire
is presented in appendix 2. The aspects thatomered by these questionnaires are standing
below:

- environmental

- public health

- legal & regulatory

- financial

- social & managerial

2.4 Performance

To gain insight in the performance of the implemsentechnologies several actors involved
were interviewed by means of three questionnairas.three questionnaires are related to the
actors that where responsible for maintenanceesysixpert and system owner. The used
guestionnaires are presented in appendixes 3, 45afdhe implemented technologies are
described in chapters 4 and 5 for each selectednres site.

For the performance of the wastewater treatmenttpin employee of the selected
wastewater treatment plant has been interviewed.

For both the studied projects a literature studyi@w of internet sources, available literature,
etc) was performed, in order to get detailed infation about the implemented technologies.

2.5 Costs

For the costs of the implemented technologies drd donventional way of wastewater
treatment the involved actors were interviewed. Ghestions are given in the questionnaires
that were already mentioned under paragraph 2rforRence.

To also obtain this information for the conventibomaay of wastewater treatment in the
project site Frankfurt, an employee was intervieveewl literature study was conducted
(review of internet sources, available literatwte).

2.6 Household acceptance assessment

The households were interviewed according to atguesire (appendix 6). The number of
households that where interviewed was dependirtg@willingness of interviewees to
contribute to research. The number of househoklatswhere willing to cooperate differed
among the two selected sites. For Freiburg, 11dtmlds were interviewed and for Frankfurt
only 1. To make it statistically representative ithierview of the household in Frankfurt is
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not taken into account. The results of this intms hold in Freiburg are presented in
appendix 7

The interviews focused on the following aspects:

- household descriptors (composition, age, etc.)
- sanitation system description

- performance, invisibility and user comfort

- system robustness

- (risks for) public health

- guestions on the user perspective ?

The collected data were worked out in two ways:

1 overview of the given answers
2 the relations between the various answers.

The obtained data from the households are stricfidentially, for this reason no names are
mentioned of those who participated this research.

Urban Environmental Management 11
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3 The conventional wastewater management system in
Germany

3.1 Introduction

The conventional way of sewage treatment in Gernisupyesented in this chapter. Included
Is in this chapter some background informationanagraph 3.2. Paragraph 3.3 highlights the
organisation and paragraph 3.4 describes the ladsegyulations. The costs are discussed in
paragraph 3.5. In the final two paragraphs thdedswastewater treatment plant of Frankfurt
am Main and the wastewater treatment managemeteinsys Freiburg is discussed .

3.2 Background

Germany is divided into 16 counties: Baden-Wirttergb Bayern, Berlin, Brandenburg,
Bremen, Hamburg, Hessen, Mecklenburg-Vorpommern.edélisachsen, Nordrhein-
Westfalen, Rheinland-Pfalz, Saarland, Sachsen, sBaeAnhalt, Schleswig-Holstein,
Thiringen. Within these 16 counties approximaté&$o9of the population are connected on
the sewage system. The capacity of the wastewatsnient plants, together with the number
and total capacity is presented in table 1. Wadmwes treated in 10,188 wastewater
treatment plants all over Germany. The lengthhaf tised sewage net is approximately
450.000 km, which is equal of travelling round tharth 11 times. The total amount of
wastewater that is treated within the waste treatrpkants is approximately 9.6 billion*ron
yearly basis.

Table 1: Capacity and number of wastewater treatmeiplant in Germany

Capacity (p.e) Number WWTP Total capacity (million p.e)

<1000 4305 2

1000 - 5000 2742 7

5000 — 20000 1744 19

20000 — 100000 1129 43

> 1000000 268 82

Total 10188 153

* p.e. biologically organic degradable load withiachemical oxygen requirement of 60

g oxygen per day in 5 days (BSB5).
Three types of domestic wastewater treatment grkealin Germany:

- mechanical
- biological without post treatment
- biological with post treatment

There has been a shift in applied technologiesnduthe time. In 2001 95 % of the
wastewater is treated biological with post treatmdn 2005 96 % of the wastewater
treatment plants are treating the wastewater bicdbgvith post treatment(BMU,2005). The
biological treatment of wastewater without postatneent is 5 % and the mechanical
treatment is reduced till 0.1 %. In 2001 a totaloant of 10.5 billion m of wastewater is
treated in the wastewater treatment plants andbkas discharged on surface water. 5.3
billion m® was polluted water from households, industries @t 5.2 billion was rainwater
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and undefined water. As a result of applying treatthon a biological way the oxygen level

in the surface water has increased, this has keahtimproved living surroundings of the
water organism.

In figure 2 the total amount of treated wastewasepresented during the time with the
treatment technology applied.

Mrd. m”
12 D00 rem e ee e

10000 oo gl R e R

g000 4

6000 -

4 000

2000 -

{1 -

1991 1995 1998 2001

. Biological with post treatment
Biological
Mechanical
Figure 2: Total amount treated wastewater by appliedechnology in percentages ( Source: BMU,2005 )

3.3 Organisation

Germany has different administrative levels thatiawolved in the wastewater treatment. A
scheme of the different levels is presented inrégd The municipality is responsible for the
collection and purification of the collected wastd®r. Sometimes, for economical reasons,
cooperatives between municipalities can be forntedet up a new wastewater treatment
plants. Several forms of cooperatives are listdovio€Tritten,2002):

Municipal department: Enterprise by the municiyaln the context of the general local
administration

Municipal utility: Enterprise by the municipality as special estategh w
independent record keeping

Municipal company: Enterprise in private legalnfocontrolled by the municipality.

Joint company: Local enterprise under participatba private business.

The larger counties of Germany have a structugoeérnment agencies on three levels:

Level 1: “Oberste Wasserbehorde*
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Level 2: “Obere Wasserbehotrde”
Level 3: “Untere Wasserbehorde*

The smaller counties en the counties in former-Eastmany have a structure based on two
levels.

The so called “Wasserbehdrde” are responsibleherimplementation of the relevant laws,
these laws are the Wasserhaushaltgesetz (WHG) hentlandeswassergesgtaVG). The
“Oberen Wasserbehdrde” are responsible for theemader treatment plants > 5000 p.e. and
the “Unter Wasserbehorde” are responsible for thst@water treatment plants < 5000 p.e.
The municipality or the cooperative are responsitie the operational aspects of the
wastewater treatment plant.

Umweltministerfum DiN
@ Erarbailat den rechiichen Rahmen Legt Morman fest
LAWA (Linderarbeitsgemeinschaft Wasser)
Forum zur Koordiniarung und zum
NMelnungsaustausch sowfa zum Austausch
technischer Informationen

Umweltministerfum Umweltamt des Landes
ey [smtars s Lamies |

Erarbaitat den rechilichen Rahman
Arbeitet die Wassarpolitik aus

|

]
g Elb&m:;inama Kevie . TECHNISCHE BERATUNG
Genshmigungsverfahren -

L)
Obere Wasserbehirde
g § Genehmigt gronere Elnleitungen —— I Regionales Umweltami des Landes [

Uberwachung im Vollzug

e T T o e e M T a8 S S T

Uniers Wasserbehirde e } Kommunales Umweltamt des Landes
Ganahmigt Keinera Elnleitungan ;i

Ubarwachung im Vollzug
Kontrollert Fidssa

Nimmt Proben nach Vorddllen

E
E g Kommunen -
Belrefben Wasservarsorgung und Abwasserbeseitigungs-

TBlorichiungen
Enteftan Ganshmigungen f0r Einlaltungan In die Kanallzation

Figure 3: Different administrative levels involved h wastewater treatment

The function/organisation fulfilment is accomplishey public enterprises and private
enterprises in the municipalities. The percentaalipns of these organization forms are
shown in table 2, according to sewage disposalasie water treatment.

2 Source: STOWA buitenlandse technieken
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Table 2: Function/organisation fulfilment wastewatertreatment®
Function / organisation Share in total (%)
Water federation 28

institute of public right 17
self-company AG/GMBH 4
operator/co-operation company AG/GMBH 2

company under private law 4

public utility 17

own establishment 28

3.4 Laws and regulations

The laws and regulations at the various levelsshoavn in figure 4. The law, which applies
to all counties, is the WHG, which has been eflfectince 1957. This law has been adapted
since then a number of times, particularly in theldf of reinforcement of effluent
requirements. The legislation at state level (LW&)a derivative of the WHG with the
possibility to reinforce the requirements.

EG-Recht

EG-Y0, Richilinien, Yerlrdge

Yerfassungsrecht
At TS, ZiH. 4 GG
At 20, 83, B4 GG

Art. 31 GG A, 24, 58 11 GG

Bundasrecht
WHG, Abwas,
Bundaswasserstralengesets

Abwaszartarkunfe O, Poyhrmeansbaaseervesd o,

Landesrecht
LW, OrdnungsbehtrdenG, VerbandsG
Incfirekleiniy O, anderes Yy

Rl A bos pllicht, Ordn.beh VO (WassSchS, AbwBes Pan.Bow. Plan)

Figure 4: Laws and regulations at various levels.

The minimum effluent requirements (standards) axedf within the sewage regulation
(Abwasser Verordnung). In table 3 the present effturequirements are presented per
wastewater treatment plant capacity and parameters.

3 Sourcehttp://www.bmu.de/gewaesserschutz/doc/2833.php
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Table 3: Effluent requirements per wastewater treament plant capacity (source: Lange et al.,2000)

p.e. mg/I mg/I mg/I mg/l mg/l

<1000 40 150 - - -
1000 - 5000 25 110 - - -
5000 - 20000 20 90 10 18 -
20000 -100000 20 90 10 18 2
> 1000000 15 75 10 18 1

The rules to evaluate compliance with the requirgsiare also represented in the LWG.
Samples of the effluent are taken as quantifiedpiag (5 samples every two hours, with an
intermittency of at least 2 minutes) or as two-lsownlume-proportional sampling. Of the 5
samples, 4 of these must comply with the effluéabdards (presented in table 3) and under
no circumstances the concentration is allowed tceed these standards by 100 %. The
control frequency depends on the capacity sizaeftastewater treatment plant.

When the effluent is not complying with the requients of the standards the criminal law is
infringed. The person who is responsible for thenplcan be accused personally by this law
(STOWA).

3.5 Costs

The costs for sewage disposal have almost beetarrssnce 2001. The investment costs are
estimated by ATV (der Vereinigung Abwasser, Abfatld Gewasserschutz e.V.) and BGW
(Federal association of the German gas and wateagesnent) on 6.85 Billion Euro per year
(per inhabitant 117 Euro each year) (Statistiséheslesamt, 2003).

Approximately 2.18 Euro per m3 is paid for the gahdéees which is included in the fresh
water price. The realization of the fees (GebUlggyresented in appendix 8. These taxes are
included in the fresh water price

In general it can be said that about 68 percetit@investment in the municipal wastewater
sector is for the sewerage networks (realisatiome@f connections and maintenance). In table
4 the cost in percentages of a general wastewatment plant are presented.

The investment for the sewer amounts 150,000 -0PBOEuro per kilometre, depending on
the situation (height difference, soil structuremmer of connections etc.). (Source
http://www.ifat.dg
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Table 4: Costs structure wastewater treatment plant, 2000

3% 4%

BWaste dispos

B Depreciation
OInterest
OEmployees
BEnergy & Material
8 Remainin

B Taxe:

26%

3.6 Site Frankfurt am Main

3.6.1 Background

The sewerage of Frankfurt is approximately 160@rketres long and is leading to two
wastewater treatment plants: ARA Niederrad/Grigstend ARA Sindlingen. The ages of the
sewer system is given in table 5.

Table 5: Ages sewer system

Age of sewer system in years Amount in percentages
< 26 31
26 — 50 23
51 -75 19
76 — 100 16
> 100 11

The ARA Niederrad/Griesheim plant has two locatitmst are separated by the river Main.
However, the system is working as one plant, dubdaonnection pipe that is running under
the river with a diameter of 3 metre. The plant hasiaximum capacity of 1.350.000 p.e
(population equivalent) while ARA Sindlingen hasnaximum capacity of 470.000 p.e. The
maximum flow that can be treated is ca. 585.06@ay.

For this research the wastewater treatment plaft NiRederrad/Griesheim (figure 4) is taken
as a reference site and is investigated.

* Sourcenttp://www.bmu.de/gewaesserschutz/doc/2833.php
5 Source: Umweltbericht Nr. 3/11 (2000)
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Figure 5: Wastewater treatment plant ARA Niederrad/Griesheim

3.6.2 Implemented technology

The first step in the treatment process is the re¢ipa of particles that are present in the
wastewater (screening). These particles are fdteoet with an automatically cleaned
screening installation (figure 6) . The screenedtevégs dewatered and collected in containers
for transport (figure 7).

S

Figure 6: Screening installation (partly) Figure7: Collected waste in transport containers

The next treatment step is in the separation ofl sand other mineralised particles that are
present in the wastewater. This takes place isd¢idementation basin. The collected sediment
(mainly sand) is dewatered and collected in coetaifor transport. The total amount of sand
that is separated is ca. 1208 ton/year. By milctamr of the sedimentation tank the fat and
other light particles are driven towards the wat@rface. With the help of a circular scraper
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the floating particles are transported towards s$leeeening installation where they are
removed together with the other larger particles.

A pumping station is used to transport the wastem@tmeter upwards into the pre-treatment
phase of the plant. In this pre-treatment phaserg¢hention time is 1.5 hours resulting in
sedimentation of the particles that are still pneése the wastewater. The pre-treatment step is
the final mechanical treatment of the plant. Rat@waollection basins are situated under the
pre-treatment basin, because of the limited avi@ilapace of the total plant. The water level
inside the rainwater collection basins can be otlett. There are two scenarios for this
water:

1. To pump the water back into the mechanical treatrpbase at the beginning of the
plant;

2. When the rain intensity is so high, that the raitevé@asins can not handle the flow of
rainwater, the water is directly pumped towardsrthier Main where it is discharged
(untreated).

The wastewater from the pre-treatment flows towd#nddfirst biological treatment step of the
plant. The bacteria that are present in the wasesvware aerated in order to increase the
growth rate. The organic contamination is usedheyltacteria for the growth. By means of an
overflow the wastewater from this first biologida¢atment phase is led into a basin where
the remaining sludge is separated from the wastewahe separated sludge is transported
towards the sludge treatment facility at the sameation.

The wastewater is subsequently led into a basirrevtiee second biological treatment step
takes place. With the help of autotrophic bactdr@anitrogen, that is present as ammonium,
is transformed in two steps:

1. Nitrosomonas bacteria transform the ammonium tit&igNO,)
2. Nitrobacter bacteria transform this nitrite intoraie (NQ)

During this process nitrogen £§/gas) is produced that escapes to the atmosphere.

Nitrogen compounds are converted into nitrate adoved in the denitrification step by
bacteria. The present phosphate is flocculated fr@wastewater. On yearly basis a total of
5350 ton of sodium-aluminates solution is usectnave the phosphate.

After this second biological treatment step theawflbws into the post treatment step.

The sludge from the second biological treatmern stn sedimentate on the bottom of this
post treatment basin. A part of this sedimentaliedige can be reused in the second biological
treatment step.

The amount of sludge that can not be re-used (itenuch is present) is also transported
towards the sludge treatment facility on locatibgure 8).
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Before the sludge is incinerated on site it thst fir

M step is the dewatering of the sludge. For this
Ul process 431 ton of cationic polyelectrolyte
solution per year is used (Heidemann and
Holzhausen, 2004)

The sludge incineration process is given in figure
9.

Figure 8: Sludge treatment facility on location.

Figure 9: Incineration process sludge

The water still contains small amounts of nitrdteis nitrate is removed by a final treatment
step. The water flows through a filter bed (sargyre 10) to remove sludge particles. At the
top of the filter (figure 11) bacteria are pres#mdt transform the nitrate into nitrogen gas
(N2).

Figure 10: Filter material

Figure 11: Deitrification tanks

From here the water is discharged on the river Main
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3.6.3 Legislation

An overview of the discharge standards of the westier treatment plant is given in table 6
These do not differ per county, however additiosplecial arrangements could be present
within other counties. For various discharge pollake, river, etc) the legislation may differ.
E.g., the effluent rates to a river are dependingtltee volumes discharged per day, the
functional use and the pollution load. The nornfluent standard for e.g. the Bodensee for
phosphor was 1 mg/litre. This effluent standard theen recently reduced to 0.5 mg/litre. The

WAGENINGEN[NEH

main reason is because the sea is also used asnswgmvater (Lange et al, 200Qvers.

com)

Table 6: Physical and chemical discharge standards

Number Parameter Value
1 Temperature 35°C
2 pH 6,0 - 10.0
3 Removable material in no 1,0 mi/l
domestic wastewater
4.1 Cyanide (CN) easily set 0,2 mg/l
freable
4.2 Cyanide (CN) total 5,0 mg/l
5 Solvent organic
hydrocarbons (calculates & 10,0 mg/l
organically bound chlorine) 1,0 mg/l
6.1 Mineral oils and greases 20,0 mg/l
(hydrocarbons)
6.2 Heavy volatile lipophilic 100,0 mg/I
materials
7 Phenol index 20,0 mg/I
8 Sulphate 400,0 mg/l
9 Arsine (As) 0,1 mg/l
10 lead (PDb) 2,0 mg/I
11 Cadmium 0,5 mg/l
12 Chrome (Cr) 2,0 mg/l
13 Iron Fe) 20,0 mg/l
14 Cupper (Cu) 2,0 mg/l
15 Nickel (Ni) 2,0 mg/|
16 Quicksilver (Hg) 0,05 mg/I
17 Silver (Ag) 0,5 mg/l
18 Zink (Zn) 5,0 mg/l
19 Tin (Sn) 3,0 mg/l

For surface waters, that function as shipping ated cover several counties (Rhine, Main,
Elbe, etc.), the Federation is responsible. Foerotkgional surface waters the counties or

municipalities are responsible.

3.6.4 Performance

The performance of the wastewater treatment pkitased on operating figures from the

year 2004 (Langer et al, 20Q%ers. com
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Table 7: Total wastewater treated (nyear)

WTP Griesheim

WTP Niederrad

WTPs Griesheim +
Niederrad

52.268.600

35.887.900

88.156.500

59.3 % of the total wastewater flow is treatechat Griesheim side
40.7 % of the total wastewater flow is treatechatliederrad side

Table 8: Pollution loads and concentrations

WTPs Griesheim/Niederrad

15.163 ton BORyear

172 mg BOBlitre

39.406 ton CODl/year

447 mg CODl/litre

3.050 ton NH-N/year

34.6 mg NkN/litre

696 ton R:-Plyear

7.9 mg R-Pllitre

Table 9: Effluent concentration and legal standards

Parameter Griesheim/Niederrad Legal standard
BODs 4.6 mg/litre 15 mg/litre
COD 30.0 mg/litre 50 mg/litre
NHs-N 0.6 mg/litre 8 mg/litre
Niot.anorg. 10.0 mg/litre 14 mg/litre
Peot. 0.75 mg/litre 1 mg/litre
AOX 27 pg/litre -
Hg <0.2ugl/litre -
Cd <0.3ugl/litre -
The BOD; removal is 97.3 %.
Table 10: Sludge treatment (incineration)
Sludge amount Percentage dry weight Total dry weight
1,052,380 nifyear 2.5 % 25,812 ton

The emissions to air are not available for the stigated sludge incineration plant.

Table 11: . Energy consumption (kWh/year)

Griesheim/Niederrad

Sludge incin.used

Sludge incin. Produced

30,639,920 kWh/year

11,325,911 kWh/year

15,7741000/year

The amount of energy that is produced by the imaii@n of the sludge is completely re-used

for operating the wastewater

3.6.5 Cost

The cost structure of the wastewater treatmentt gapresented in figure 12. The taxes are
part of the fresh water price. For Frankfurt thesess are 1.76 Euro pefiinesh water that is

used for treatment costs and

treatment plant.

has not changed 588k
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5%

24% O Employee
B Depreciations
O Interests
O Energy costs
24% W Taxe:
O Maintenanc

B Remaining

4%
4%

24%

Figure 12: Cost structure wastewater treatment plantrankfurt

The cost for discharging the ash that is produckdnithe dewatered sludge is incinerated is
28 Euro/ton + 16 % tax (Langer et al,20p8rs. com).

The operating costs of the sewage system in Frankite 25 million Euro per year
(Umweltbericht Nr. 3/11 ,2000)

3.6.6 Cost municipal wastewater treatment in Freibu  rg

The sewerage net in Freiburg is approximately 7ildrietre long, 52 % of these sewerage
net is a combined sewer (rainwater and domestitemater) and 48 % consists of a separate
sewer net (rainwater is transported separately ff@rdomestic wastewater).

The total costs for sewage disposal in Freiburgewgt.2 million Euro in the year 2004. Of

these total costs, 8,9 million Euro was neededrimating the wastewater at the wastewater
treatment plant. An investment of 5.33 million Ewvas made during this year. In order to
protect the groundwater, 4.2 million Euro was ingdsfor the replacement of 3.2 km sewer
net. The sewer net was also extended by 1.5 kilenthiring this year against a cost of 0.6
million Euro.

The total fee amounts1.57 Euro pet water. Part of this fee is used for the treatnuérihe
wastewater and a part is used for treatment ofahmevater. The water price in Freiburg is at
this moment 1.72 Euro per®mwhich includes the cost for treatment of the pamtliwaste
water (source: website Badenova).
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4 Project “Arbeiten & Wohnen”, Freiburg im Breisgau

4.1 Introduction

The model housing project “Arbeiten & Wohnen” itusited in Freiburg im Breisgau, Walter-
Gropius-strasse 22, 79100 in Germany (figure 13)otitains 14 apartments and 4 offices.
Blackwater is evacuated by 24 vacuum toilets amywater is treated in a membrane filter
module. Rainwater is infiltrated in ditches near Building.

Figure 13: Project complex "Arbeiten & Wohnen '

4.2 Background

In 1995 new buildings were to be constructed aftetburger Vauban district.

On the site were French barracks situated. Citizemsre encouraged to form groups and
implement ideas based on innovative energy, wastiesanitation concepts. Resident Jorg
Lange et al,2000 (biologist)of the project “Arbeite& Wohnen”, and Micheal Gies (architect)
had some ideés

Jorg Lange et al,2000: “I would like to implement alternative sanitation concept in a
house.”

Michael Gies: “I would like to build a multifamilgassivehouse”

The idea was born to construct a building wherekimgr places are combined with living
places with ecological aspects. This idea forme ghoject name “Arbeiten & Wohnen”.

® Sourcehttp://www.passivhaus-vauban.de
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These working places can be used by the residdntiseobuilding. With the help of the
association “Forum-Vauban e.V, Freiburg” a new grawas formed by people who were also
interested in this project. The new group was dallee “Okobauverein e.V, Freiburg” This
society was able to raise funds and deal with diihancial aspects. In addition cooperation
opportunities with other research partners coultbb@ed (Panesapers. com).

The objectives of the project were threefold:

- The realisation of a model house with innovativeergg, waste and sanitary
concepts to improve the social environment.

- Reduction of operation and maintenance costs obtileing through water saving
measures and recycling and reduction of the eneaysumption through the
application of solar technology.

- Demonstration of innovative closed loop systemsixfastewater management.

In June 1998 the constructions of the buildingtsthrBy May 1999 the following concepts

were implemented in the apartment block: a passiergy concept, solar panels together
with a gas-operated co-generation unit (biogasallasion) and the alternative sanitation

concept. The sanitation concepts consist of vactailats that are connected to a biogas
installation while the greywater is treated in anmbeane filter module. The applied sanitation
techniques are described in paragraph 4.5 implesdegethnology. The biogas installation is
not yet running. The energy concept (solar panelspt investigated within this research.

4.3 Actors and their roles & responsibilities

The role of the actors are presented in the taBleThese actors were responsible for the
decision making and designing process technologplsrs and the person responsible for
maintenance . During the research it became dhedrthe municipality and the water board

had in the project. The only regulations that thee blackwater discharge the sewer. Due to
the not yet operating biogas installation the bleatler is discharged the sewage system.

Table 12: Actors involved in project

Nr. | Description | Company Contact person(s) Role(s)
name
1 Project owner| Aturus Mr. J. Lange et Initiator and project
al,2000 manager
Mr A. Panesar
2 Association | Okobauverein | Residents Management and juridigal
e.V, Freiburg assistance
3 Water Badenova Mr. M. Toens Drink water supply
supplier treatment wastewater (in

wastewater treatment
plant Freiburg)

4 Architect Common & Mr. M.Gies Building design; also one
Gies of the initiators
Architecten
5 Funding Deutsche Not known Funding assistance
assistance Bundesstiftung
Umwelt
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6 Technology | Mall Mr. S. Klemens Supplier of the greywater
supplier Umweltsysteme system and parts of biogas
installation and
maintenance
7 Technology | Roediger Mr. C. Ruster Supplier of the vacuum
supplier Vakuum- und toilet systems and
Haustechnik maintenance
GmbH
8 Technology | TBW Bankrupted Supplier of the biogas
supplier installation
9 Technical Krebser & Mr. Krebser Planning of the project
design Freyler
10 | Maintenance | Hombach Mr. Hombach Maintenance of total
Bausupervision system.

* not involved

As mentioned earlier, the idea of implementinga#ternative sanitation concept in a passive
energy house came froddrg Lange et al,2008gether with the architect Micheal Gies.

To realize these plara association was formed that was able to coapearisth the involved
research partners. Therefore, the “Okobauverein &Miburg (Association For Sustainable
Buildings)” was founded. This association was ablepply for funding and to handle the
financial aspect as well as to run the experimeptaiect phase. The members of this
association are nowadays residents of the paseiveeh

The Deutsche Bundesstiftung Umwelt (DBU) supplieading for the development and
implementation of the alternative sanitation consgpacuum technology, biogas installation
and the greywater treatment installation) for thejgrt. The installations were also partially
funded by price reductions of the suppliers: natgghte Technologien, Bau- und
Wirtschaftsberatung GmbH (TBW) (Frankfurt am Main)Mall-Umweltsysteme
(Donaueschingen) and Roediger Vakuum- und Hausile@mbH (Hanau).

Planning bureau Krebser & Freyler was responsimehfe project planning and had took care
of the contact the other involved actors. The waiard Badenova is responsible for the
wastewater treatment plant and is the supplier af water in Freiburg. Hombach
Bauspervision is the local maintenance expert. deess can call him when small
malfunctioning of the installations occurs.

4.4 Drivers and barriers

An analysis of the drivers and barriers was perémiray interviewing the actors who where
involved in the decision making process. The adioas were interviewed are shown in table
13:

Table 13: Interviewed actors project:”Arbeiten & Wohnen”

Description Company name Contact Role(s)
person(s)
Project owner Aturus Mr. J. Lange et| Initiator and project
al,2000 management
Mr A. Panesar
Architect Common & Gies Mr. M.Gies Building design and
Architecten partially initiator
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Technology supplier| Mall Umweltsysteme Mr. S. Klerae Supplier of the greywater
system and parts of bioga
installation and
maintenance

[92)

The drivers and barriers are divided in severateisp

- environmental drivers and barriers
- public health barriers

- legal & regulatory barriers

- financial drivers and barriers
- social & managerial drivers and barriers

Because of the fact that the answers of each ddter, the answers are described for each
actor separately. This in order to keep a goodvaeerof the results from the questionnaires.

The complete list of the drivers and barriers aresented in appendix 9. The aspects, as
mentioned above, within the drivers and barrierastjonnaire were rated on a rating scale
from 0 to 4. On the scale of importance: 0 reprissénonimportant” and 4 represents
“important”.

4.4.1 Environmental drivers and barriers

Project Owner: Mr. J. Lange et al,2000 (one of ii@ators)

When selecting the system the following environrakmrivers important to the project
initiator, Mr. J. Lange et al,2000: reduction adter emissions, recycling of water, protection
of surface water, protection of groundwater andsekeg of nutrients. The aspects of the
sanitation system realised according to Mr. J. leaagal,2000 are: positive feeling about
environmental behaviour, water saving, protectiérswrface water, protection of ground
water and recycling of nutrients. Recycling of watepartly realised. The greywater system
is not yet operating at full capacity. The treatedter was (December 2005) used for
irrigation of the garden at the moment of this stigation.

No environmental barriers hampered incorporating-canventional elements in the design
and implementation of the sanitation system.

Project Owner: Mr. A. Panesar (management)

According to Mr. A. Panesar, different environménégpects where drivers during the
selection phase of the systems. These drivers wipedtive feeling about environmental
behaviour, reduction of water emissions, recyclofgwater, protection of surface water,
protection of ground water and recycling of nuttserDuring the selection phase it became
clear that other drivers where also important, pin@ject should be seen as a “showcase
project” where researchers and other visitors cam glata and knowledge about the
implemented systems. Practical performance datangvertant to implement these kind of
systems in the future within other projects. Theadied drivers are also realised within the
project.

No environmental barriers hampered incorporating-oanventional elements in the design.
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Architect: Mr. M. Gies (building design and onetlod initiators)

As architect and one of the co-initiators of thejpct Mr. M. Gies had a different view on the
environmental drivers, when the system was seleatelwhen the building was designed.
Important drivers related to environmental issubens: positive feeling about environmental
behaviour, water saving, prevention of drying ofitsoil, reduction of water emissions,
recycling of water, recycling of nutrients and tkeeuction of energy use.

The environmental aspects that are realised witterproject are: water saving, prevention of
drying out of soil, reduction of water-related esiims and the reduction of energy use.
Recycling of nutrients is neutral on the scalemMmportant till very important, this according
to the fact the installation of the biogas planh@ operating yet and the greywater is only
partly reused. On what scale the positive feelibgud the environmental behaviour and the
quality of neighbourhood landscaping has beensedlis not known by the architect.

No environmental barriers hampered incorporating-canventional elements in the design

Technology supplier: Mr. S. Klemens (Supplier @& ¢ineywater system and parts of biogas
installation and maintenance)

A positive feeling about the environmental behawjigorevention of drying out of soil,
reduction of water emissions recycling of water gmtection of ground water were
important environmental aspects to Mr. S. Klemersnvhe was selecting the systems
(together with the other involved actors). The emwnental aspect of water saving was of
neutral importance. During the selection of thetey the protection of surface water and the
quality of neighbourhood landscaping were takero iatccount, but had no relative
importance.

The realised environmental aspects were, posi@edng about the environmental behaviour,
reduction of water emissions and recycling of water

A barrier, which was encountered during the inceogpon of non-conventional elements in

the design, was the potential flood risk of thetesys This risk is minimized by using
overflow systems.

4.4.2 Public health barriers

Project Owner: Mr. J. Lange et al,2000 (initiator)

No public health barriers hampered incorporating-oonventional elements in the design.

Project Owner: Mr. A. Panesar (management)

When the biogas installation becomes operationgbroduces biogas which is stored in
storage tank (situated in the basement). This dtbiegas can form an explosion hazard, if
safety measures are neglected.

Architect: Mr. M. Gies (building design and partsalnitiator)

According to the architect the public health bagieere: health risk, chemical hazards and
noise disturbances.
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Technology supplier: Mr. S. Klemens (Supplier @& ¢ineywater system and parts of biogas
installation and maintenance)

Physical injury from householders who can accessrihtallation was a barrier. To prevent
physical injury, all the tanks are situated belowund level and are closed by lids.

4.4.3 Legal and regulatory barriers

No legal and regulatory barriers hampered incofpaganon-conventional elements in the
design. This statement is verified by all the miwed actors. When the project started no
laws or regulations hampered the implementatiorthebe kind of techniques. Nowadays
monitoring activity on regular basis is necessantlie greywater system, because the treated
greywater can be reused for flushing the toilet$ lzas to be clean enough for this purpose

4.4.4 Financial drivers and barriers

Project Owner: Mr. J. Lange et al,2000 (initiator)

The financial consideration “reduced drinking watensumption (and lower bills)” was a
driver of deciding to incorporate non-conventiorelements in the design. The most
important financial barrier was the bankruptcy &W, by this bankruptcy a large amount of
the investments where never used for the projecbéen & Wohnen”. Nowadays these
problems still have the side-effect that the biogkst is not yet operating. Other financial
barriers were the higher design costs (comparedotiventional system) and application
vacuum toilets. Application of vacuum toilets witha apartment block was a rather new
technique, which have led to cost that are highan the costs of a conventional system. The
operating cost and energy cost (compared to colmveitsystem) also formed a barrier, but
were less influential than the barriers mentionefbiz.

The extent to which these barriers played a rolnénsystem choice were low, according to
the Mr. Lange, since the DBU financed a large pathe implemented systems.

Project Owner: Mr. A. Panesar (management)

The following considerations were neither a driker a barrier: design cost, operating cost,
applying vacuum toilets and reduced drinking watensumption (and lower bills). They
were categorised as neutral. Neutral means thatahgiderations played a role in the system
choice, but had no overhand in the selection. Bdmkruptcy of TBW had a large effect on
the project was and was a barrier for the impleatent of the selected systems.

Architect: Mr. M. Gies (building design and partwalnitiator)

Energy cost and reduced drinking water consump¢emd lower bills) were drivers to
incorporate non-conventional elements in the desitpe energy costs have been reduced by
designing the building in such a way that the ginlis heating the rooms, especially in the
winter times (building is situated on the south)amidth bridges are hardly present and the
building is isolated well. Aspects about the energgcepts are not further discussed.

The implementation of vacuum toilets was considexrédrrier, which has to do with the fact
that the residents were afraid that the toiletsld/puoduce a disturbing noise.

The drivers and barrier, as mentioned above, wepgitant to the architect.
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Technology supplier: Mr. S. Klemens (Supplier @& ¢ineywater system and parts of biogas
installation and maintenance)

As supplier of the greywater system and parts efliiogas installation various drivers and
barrier were considered important. The main driveas the reduced drinking water
consumption (and consequent lower bills). The [ilgyi to reuse the treated greywater for
rinsing the garden and flushing the vacuum toileds a related financial driver.

Barriers were the higher design, operating andgneosts (compared to connection to a
conventional system). These driver and barriergwaéirimportant according to the supplier.

4.4.5 Social and managerial drivers and barriers

Project Owner: Mr. J. Lange (initiator)

The aspect of implementing an eco-sanitation caneegs an important factor for the
initiator.  An important managerial consideratiamhich hampered incorporation of non-
conventional elements in the design, was the batgywf TBW.

Project Owner: Mr. A. Panesar (management)

Improvement of the quality of living - ecologicalnd more sustainable - was an important
social aspect to realise a non-conventional dedige. difficult technology was a factor that
hampered the process, but had no overhand. Thertamge of the following aspects:
ownership unclear, maintenance responsibilities ar@htenance burden on householders
were considered neutral.

Architect: Mr. M. Gies (building design and partwalnitiator)

Involvement in sanitation / taking responsibilitiee your household water management
system (water saving, reducing emissions) werargooiitant social aspect. Intensive contact
and collaboration with neighbours was also considiemportant, but to a lower extent than
involvement in sanitation / taking responsibilitiee your household water management
system (water saving, reducing emissions).

The implementation of a difficult technology was anportant aspect hampering the
incorporation of non-conventional elements in thsign.

Technology supplier: Mr. S. Klemens (Supplier @& ¢ineywater system and parts of biogas
installation and maintenance)

To the supplier of the system no social and maragdrvers were present when the system
was realised. The difficult technology behind thesign was experienced as an important
barrier. The maintenance responsibilities were idened of neutral importance.

4.5 Implemented technology

The project‘Arbeiten & Wohnen” is one of two pilot proje¢tsin Germany where ecological
sanitation concepts are used and tested. Thesemisrzan be diverted in five categories:

" The second project is the project “Flintenbreitelubeck
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- vacuum toilets
- vacuum station
- biogas installation

- greywater treatment installation
- rainwater reuse

The various system components are described ifollogving paragraphs.

45.1 Vacuum toilets

Within the project “Arbeiten & Wohnen” 24 vacuumilégs are installed. These vacuum
toilets are fabricated out of porcelain by the campEvac and are mounted on the wall
(figure 14).

Figure 14: Top- and side view of an installed vacuurtoilet

The needed vacuum of 0.5 bar for flushing the t®iie produced by the central vacuum
station (type PE30, Roediger) in the basementebithilding. By pressing the flush button a
membrane valve opens for two seconds resulting imraler pressure. In these seconds 15-20
litre of air and 1 litre water is used to flush tledlet. The waste stream is than transported
towards a reservoir (“selbstenleerenden Sammeltegtjdbehind the toilet. This reservoir is a
development of Roediger and has a capacity of @rtitie of wastewater. Up to 5-6 flushes
are stalled inside this reservoir and when thiemeasr is full it automatically empties itself
with the help of 60-70 litre of air. The wastewatesubsequently transported to the collecting
tank in the basement.

The different parts of this reservoir can be sumuoneds follows:

reservoir

suck off valve
compact steering
air valve

rownPE
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sound silencer

connecting support (toilet)
connecting support (back pressure)
connecting support (under pressure)
adjusting screw

©OoNOO

By using these kinds of reservoirs (that are cotatestraight after the vacuum toilet) the
possibilities of clogging the vacuum pipes towatts collecting tank is reduced. This
because of the fact that a larger amount of blatdkwa flushed towards the collecting tank in
one time.

The reservoir is connected with the vacuum toiletbnnecting point number 6. The steering
of the reservoir (1) is connected by connectingnp8i(steering pipe and a backflow stop) to
the vacuum pipeline. With the suck valve (2) theergoir (1) is connected to the pipeline that
leads the blackwater towards the collecting tarficotigh connection point 6 the blackwater
flows from the toilet into the reservoir (1). Thiatkwater is stored in this reservoir (1) until
the back pressure opens the valve of the pipefiatléads towards the collecting tank. The
backpressure is transferred by connection pointv@r ¢he steering pipe to the compact
steering (3). The suck valve and air valve are egdday the backpressure that is created in the
reservoir. The air valve (4) is leading air frone tatmosphere inside the reservoir (1) and is
pushing the collected blackwater into the vacuupelme towards the collecting tank. During
the time that the collected blackwater is running af the reservoir the back pressure also
drops which closes the suck valve and air valves fitme that these valves are open can be
adjusted by the adjustment screw (9) on the comgtaetring. This is necessary because the
length of the piping towards the collecting tankn® everywhere the same in the building
(Roediger, 1999)

4.5.2 Vacuum station

The used vacuum station (type PE30) of Roedigstaisding in the basement of the building,
and has the following main components (the numbesed in the text below are
corresponding with figure 15):

- vacuum tank

- vacuum pump (2 pc)
- discharge pump

- control unit (2)

- water separator

- level control

- pressure control

The incoming vacuum pipe, coming from the interfaocé@s of the toilets in the complex, is
connected on the station by a flange DN 50 (5)sTlainge is extended with a slider (6) in
order to enable blocking of the entering. At thétdrm of the tank (1) is equipped with an
outlet nozzle (DN 50) (7) which is connected t@ ttmunicipal sewerage system by a
discharge pumpThe blackwater stream is connected on this municgeaverage system

because the biogas installation in not operating.

Blackwater that flows into the vacuum tank is tenafly stored in the tank (1). By means of a
float shut-off (8) the discharge pumps are autoradlyi triggered to discharge the blackwater
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on the sewage system. The pump is stopped aft@rtairc time when there is no signal
coming from the float shut-off. The vacuum pumpksd@ getting air from suction pipes (9)
with a vent line (11) and are connected on the wactank which is pressurized. Condense
water which build up in the vent line is evacuated the interface unit (12). When the
pressure in the tank falls to 0.5 bar the main pusnjpiggered automatically by a pressure
switch (13). After the pressure in the tank is Ba6 the vacuum pump switches off. In case
the pressure drops to 0.45 bar, despite of theimgnracuum pump, a second vacuum pump
is triggered by a second pressure switch (14). Bathps switch off when the pressure inside
the tanks is 0.6 bar (Roediger, 1999).

B As described above the vacuum station is situatedhé

| basement of the building (figure 16), the room ths¢d for

this installation has a ground surface of 113 fhe total

| surface area of the basement is 51%) s0 2.22 % is used
(vacuum station and part of biogas installation).

The dimensions and operations data of the vacuatiostare
i as follows:

- suction performance 2 * 16.0°%h
at 0.5 bar
- discharge pump flow rate 12%h
- tank volume 600 litre
- length 710 mm
- breadth 710 mm
2000 mm

- electrical connection performance 4.1 KW
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Figure 16: Vacuum station as situated
in the basement
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4.5.3 Biogas installation

The biogas installation is not yet operational,sese of problems with the coordination of

the research work and the financing of the biogas gant. Due to these problems, some
components are not yet installed (conditions Ma@30The parts that are already installed
are described below. The biogas installation isngportant part of the ecological sanitation

concept of the project. A lay-out of the systergiigen in figure 17

The installation was a totally new development aag the first biogas plant for an apartment
building in Germany. The separated tanks are coctstt out of concrete by Mall
Umweltsysteme and are situated below ground leUké blackwater can be transported
through a pipeline from the vacuum station towdheésbiogas reactor by the discharge pump.
Not only the blackwater can be used for the biggast but also organic household waste.
This waste can be shredded to small pieces an@detasvards the biogas reactor. To get a
homogeneous substrate (blackwater & organic holdetaste) in the plant an integrated gas
stirrer is installed in the first compartment (kaésgreactor). Biogas and substrate that is
formed can be stored in the next tank (biogas geomwnd postfermentation) where a post
treatment takes place and the biogas is separgted hembrane. A part of the produced
biogas can be reused to run the gas stirrer ibithglas reactor. After cleaning and drying the
gas through an active carbon filter it can be Ueethe gas cooker in the kitchen.

The substrate is pumped by a pumping station tasvarstorage tank where it can be reused
as fertilizer in agriculture. (Steeger-BallbachQ2p

model project ,Wohnen & Arbeiten”
(Okobau e.V)

scheme of the ecological sanitation concept
(in cooperation with TEW, Franikdur)

WSO

£ g Lainge

Aturus consulting
Walter-Gropius-5tr. 22, D-78100 Fredueg|

Figure 17: Overview biogas installation (source: hfi://www.passivhaus-vauban.de)
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The dimensions and operations data of the bioga# pre as follows:

- biogas reactor 6

- biogas storage and postfermentation om
- pump station 3t

- storage of fertilizer 14 ™

4.5.4 Greywater treatment installation

When the project started in 1999 the greywater tnested with a so called NEUTRACIear
2000 (figure 18). This installation was installeaderground and treated the greywater as a
mechanical biological treatment system. With thip toé filter material (gravel 8/16 and lava
40/80), biofilm techniques, filtration, adsorptiand flotation the greywater was treated (Mall
Umweltsysteme). The system was aerated to prevapleasant odour production. Without
the help of chemicals a reduction of COD, BOD, miade, nitratesuspended matters
lipophilic matters, hydrocarbons and was accomplistbue to technical problems with this
installation (clogging), it has been replaced bsambrane filter unit (Mall Ultra-Sept) by
Mall Umweltsysteme in 2003.

Figure 18: NEUTRA-Clear 2000 (source: Mall Umweltsyteme)

Within the new installation (figure 19) the polldtevater is cleaned with the help of micro-
organism, which form CPOand mineralised particles. This treatment occurdeu aerobic
conditions. New sludge is produced within the systleat has to be reused within the system,
therefore a returning cycle of the sludge is ihsthinside the installation. Within the water
there are some floating particles and sludge ptetber are not separated by flotation. To
avoid the presence of particles in the treated eveeter a membrane-module (figure 20) is
installed, this membrane is forming a barrier whieecesludge or other particles can flow
through. The membrane has a pore diameter ofuth4(0.0004 mm) and is supplied by
Weise Water Systems. To avoid clogging of the membrsurface a so called crossflow-
filtration technique is used. On the membrane serfa turbulence is created in the
wastewater so a continuous filtration can take golddis turbulence is enforced by the air
that is flowing next to the surface of the membrane
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Figure 19: Greywater system (Ultra-Sept) Figure 20: Membrane module
(source: Mall Umweltsysteme)

The dimensions and operations data of the greywraaiment system are as follows:

- membrane surface 16 m2

- pre-treatment 6 m3

- aeration basin 5.5 m3

- energy use blower 500 Watt

The treated water can be reused for flushing tietscand for watering the garden. When the
amount of treated water is exceeding the amountcrabe reused it will be discharged on to
the sewerage. (Peters, 2002)

The technical overview of the greywater installatie presented in figure 21.
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Figure 21: Technical overview (Source: Mall Umweltsgteme)
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45,5 Rainwater reuse

For the total Vauban district a plan is realisedttthe rainwater can be irrigated in the
surrounding soil. This means that for the projeatbeiten & Wohnen” the rainwater is
leaded over open gutters into two ditches neacdneplex, see figures 22 and 23.

igure R or | rtioh 33;5 o Figure 23: Open rainwater pipe system
The yearly rainfall in Freiburg is 956 mm per y&ar

4.6 Performance and evaluation

4.6.1 Water consumption

The total amount of fresh water used in within tdoenplex by the residents is about 1103
m>/year. This according to the research done by Jbemge (year 2000). In table 14 the
values are presented by the number of residents apartment and the total water
consumption by the people who work in the offices.

Table 14: Water consumption by residents, year 2000

Number of residents Amount of water consumption nt/year

125

88

34

60

137

96

57

120

70

110

51

20

NP R ®WRFRINPFRPRWRARWDWA~

35

Offices 100

8 Source: www.klimadiagramme.de/

Urban Environmental Management 38



WAGENINGEN UNIVERSITEIT

Q WAGENINGEN[NEH

| Total | 1103 |

According to M. Steeger-Ballbach (2001), the amafngreywater produced in total for the
complex lies between 1220 litre/day (minimum) ai&&litre/day (maximum) This gives an
average of 1991 litre/day. These values are medsover a time period of 41 days (07
December 2000 till 16 January 2001) and are predéantfigure 24.
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Figure 24: Amount of greywater produced in the perial 07 December 2000 till 16 January 2001 (source:
Steeger-Ballbach, 2001)

4.6.2 Blackwater

Blackwater is transported by vacuum toilets that Us 1 litre for flushing. Conventional

toilets need 6-9 litre water per flush. This saveklitre each time the toilet are flushed.

A development of Roediger is the part behind thecuuan toilet: the reservoir

(“selbstenleerenden Sammelbehélter”), see paradgrdph .

By using these kind of reservoirs some advantage$e summed up:

- These reservoirs help to reduce to amount ohe@ded to flush the toilets, normally
the toilets use circa 60 litre of air for each Aus transport the waste stream directly
towards the large collecting tank in the basemérare all the black water is collected

- Reduction of energy consumption (less energy bgedacuum pumps)

- Reduction of noise produced by the toilets

- The change that clogging of the pipe system acureduced, this because of the fact
that a larger amount of collected blackwater frbis teservoir is transported through
the pipe system in one time towards the colledamds in the basement. (5-6 flushes).

The maximum noise level produced by the vacuunetwils +/- 83 decibel. The locations of
the toilets within the complex are not “back to klad'he “back to back” method means that
the toilet of the neighbours sits direct behindwladl of the own toilet. Each floor is designed
differently. This in order to reduce to amount ofse that can be heard. An example of the
design one floor is given in appendix 10 and a sid& is given of the complex in appendix
11.
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The maximal particle size that the system can leaisctd6 mm, this is the opening inside the
toilet. The valve behind the toilet has a diametes0 mm. The valve has a larger diameter
than the opening inside the toilet. What is goihgptigh this opening ends in the vacuum
station. (Roediger, 1999)

Public health

The vacuum system in total (vacuum toilets and wactustation) does not represent a
chemical hazard and the change of health problends physical injuries is 0 %, this
according to all the interviewed actors (Roedigange, Panesa&ters. com)

4.6.3 Biogas installation

The biogas plant is connected to the internal gatem of the complex. It is suspected that
the biogas plant does not produce enough biogasefating purposes of the complex. Instead
the produced biogas can provide cooking gas fohthuseholds.

The plant is almost ready only the automatic ragioh of the gas pressure and the feeding
device for organic household waste need modificatiod adjustments.

No current performance data is available, becawsbibgas installation is not yet operating

4.6.4 Greywater

The greywatemwas treated with the NEUTRACIear 2000, with thephef filter material
(gravel 8/16 and lava 40/80), biofilm techniquestration, adsorption and flotation the
greywater was treated. (Mall Umweltsysteme ). Dagrioperation of this system
measurements where taken of the influent and effluEhese values of the performance are
presented in table 15.

Table 15: Performance of the greywater system (origal installed)

Influent Effluent
Parameter Unit Average Average Treatment
Concentration | Concentration removal %
pH - 7.1 7.2 -
Cond.** uS/cm 505 612 -
COD mg/I 350 111 68
BODs mg/ 129 56.0 57
Niot mg/| 15.6 16.0 -
Piot mg/l 5.8 5.8 -
PO,-P mg/I 3.1 4.6 -
K mg/l 8.0 9.3 -
Cd ug/l <0.5 <0.5 -
Cr ug/l 38.3 41.6 -
Ni ug/l 43.6 42.1 3
Hg ug/l <1 <1 -
Pb ng/l 14.8 14.2 4
Cu ug/l 38.4 12.8 67
Zn ug/l 250 200 20
AOX ug/l 159 62 61
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Ds |
* 18 samples are taken
** Conductivity

mg/| | 742 | 648 | 13 |

The retention time of this system was +/- 78 housbiological reduction of carbon,
phosphate and nitrogen is possible when such a&mys used. The concentrations of
nitrogen and phosphor in the influent are due ® washing powder and detergents used.
Heavy metals concentration where below the expectddes, because of the fact that the
pluming in the complex are fabricated out of pdiyétne. Only concentrations of Cr and Ni
in the influent are higher than normal, this beeatisere is a art gallery situated in the
complex. (Steeger-Ballbach, 2001)

Since 2003 a new system is installed (ULTRA-Seiptls system is treating the greywater
with membranes, see paragraph 4.5.4. In the t#bted effluent values (performance) of the
greywater treatment system are presented. The onmgtof the greywater system is done by
“Mall Umweltsysteme”.

Table 16: Performance greywater systerm

Parameter Unit Effluent Treatment
concentration performance (%)
COD mg/I 25 -
BODs mg/I| 3.9 98.4

Niot mg/l 56 -

Prot. mg/l < 26 -
Pathogens Ppm 4 99.88
E.coli bact. mg/100ml <3.0 -
Nutrients mg/I 3.0 -

* general values for these kind of systems

The probability that a batch of final treated greysy failing to comply with official
wastewater quality standards is 0 %. For the sludge are no monitoring data available, but
there are no expectations that the sludge will exadficial quality standards.

The used membrane has a pore diameter ofufd.4This means that particles that are larger
can not pass this membrane, figure 20. As can been in figure 25 a part of the colloidal
particles can penetrate the membrane, this canttealbgging of the membrane. Before the
greywater is treated it flows through a pre-treathstep where the large particles can settle.

® source: Klemens pers. com.
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Figure 25: Penetration properties of membrane (sourceMall Umweltsysteme)

Figure 26 shows on the left side a glass fillechwiffluent water (greywater untreated) and on
the right side a glass filled with effluent wateebted greywater).

Figure 26: Influent and effluent sample greywater sgtem™°

In table 17 the different effects of fluctuations concentrations of components in the
greywater are described. The effects are categbbgenumbers. The number run from O till
4. The number 0 means no effect on the performahttee system and the number 4 means a
lot of effect on the performance. So the highemtbmber the more effect it has.

Table 17: Effects of fluctuations in concentration®f components

Component Effect | Description

Heavy metals 2-4 | The effect is larger when the concentration becaimes for
biology

Pathogens 0 No effect on the system

Fatty substances4 The change of clogging the membrane

Medicines and | 2-4 | The effect could be lager when concentrationgg hit can result

hormones in damage of biology, but is not known yet.

10 sourcewww.passivhaus-vauban.de
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Phosphorus/ |0 For the project in Freiburg it does not mattederormal

nitrogen circumstances

Organic 0-4 The change of clogging the membrane and the retetithe

materials should be adjusted, so bacteria can brake dorexthee organic
material

* Means that the effect increases when the auraton is increasing.

When the outdoor temperature is colder than 5 @sg@elsius two effects occur within the
system:

- flow speed of the greywater is hampered slightly
) bacteria are degrading the contaminations slower

Further research has to be done to make surelthatdated water can be used for flushing
the vacuum toilets. The treated water can be ugathdor toilets flushing if the effluent
values are below the legal quality standards feryear operating time. Nowadays the treated
greywater is reused for watering the garden.

Public health

The greywater system forms no direct hazard fotlipiiealth and injuries. The inhabitants of
the neighbourhood can not get into direct contatht wntreated water and the underground
installation is covered with a concrete lit. Itnist likely at all that householders, who use the
system, fall ill or get physical injuries due testm failure or other causes.

Chemical hazards are not used within the systegif.il&fter a period of time the membranes
are taken out of the system and replaced by clearesabranes (see maintenance).

4.7 Costs and maintenance

The project “Arbeiten & Wohnen” is a pilot projesthere the new implemented ecological
system where tested. The Deutsche BundesstiftungdliniDBU) supplied funding for the
development and implementation of the alternateasatation concepts (vacuum technology,
biogas installation and the greywater treatmenrtliaion) for the project. The installations
were also financially supported by the suppliergsh&f implemented systems: TBW GmbH
(Frankfurt), Mall-Umweltsysteme (Donaueschingen) d arRoediger Vakuum- und
Haustechnik GmbH (Hanau).

The building cost where ca. 3.3 million Euro. Imgeal the building has cost 7 % more than
an usual low-energy building. This is because mehniques are implemented than a
normal low-energy building.

An overview of the costs are given below for thpasate installations.

Vacuum system

The investment cost for the vacuum system are predén table 18 and are given in the
Euros.
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Table 18: Costs Vacuum system
Part Number Price per part (DM) Price total (DM)
Vacuum station 1 | e 13119.34
Installation vacuum 1 | - 3499.28
station
Vacuum toilets 24 1404.46 33706.98
Installation Vacuum 24 465.58 11173.98
toilets
Vacuum pipelines 1| e 12017.25
incl. installation
Total cost vacuum system: 73826

The estimated annual operating cost of the protass per household is ca. 30,- Euro per
year and has an estimated useful service life pfagmately 30 years. (Rustgrers. com)

When the system experience a failure that cannatdbe=d by the residents or Hombach
Bausupervision than Roediger is sending a maintanarpert. The time needed from failure
till operating again of the system depends on timel lof failure and the location of the
maintenance expert. Mostly the failures are solwétiin 8 hours by Roediger. When the
problem can be solved by the residents or Hombamls®pervision it will take 1-4 hours.
According to Mr. H-C Ruster (2005) the time needmer household unit per year of
operations and maintenance activity for the protess that is required from its users is 12
hours per year.

Greywater system

The investment cost for the greywater system agsgmted in table 19 and are given in the
Euros.

Table 19: Costs Greywater system

Part Number Price per part (Euro) Price total (Euro)
NEUTRA-Clear incl 1 9203.25 9203.25
installation
Ultra sept. Membrane 1 ool TRk
module
System parts incl. 1] s 1687.26
installation
Grauwasser recycling 1] s 2556.46
pipelines (24 toilets)
Pressure station 1 1278.23 1278.23
Steering 1 255.65 255.65
Total cost greywater system: 14880.

* not known

For the greywater system is for the first year st calculation made for monitoring activities.
These cost are 4652.76 Euro, ca. 2 hours per Wéekactivities where:

- Flow meter greywater control
Sludge level control
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- Water level control
- Toilet flush control

The estimated useful service life of the greywaygstem is different for the components
used:

Concrete tank where the process takes place 3@#&0 y
Electrical steering components 10-15 year
Membranes (depending on the loading rate) 5-8 year

The maintenance is done by several people. Smaihtemance is done by Hombach
Bausupervision and Mr J. Lange or Mr A. Panesargé&amaintenance is done by Mall
Umweltsysteme. When there is a system failurekeegdess then 48 hours to repair the system
and make it operational again. The time period ddpeon the kind of failure. (Klemens,
pers. com

The cleaning of the membranes, after a certain pemod of operating, takes place at the
company of Mall Umweltsysteme. The membrane madale flushed with chemicals and
afterwards cleaned in a fresh water bath, seedgyv and 28.

F|gure 27 Cleanlng installation of membrane modules Figure 28: Fresh water bath

Biogas system

For the biogas system no data are available aheubtal cost and maintenance activities.
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5 Research site KfW Bankengruppe, “Ostarkade”, offi ce
building (Frankfurt am Main)

5.1 Introduction

Within the office building “Ostarkade”, of the Kfi\Bankengruppe, a vacuum sewer system
and greywater recycling installation are applieke Dffice is situated in Frankfurt am Main,
Palmgartenstrasse 5-9, 60325 in Germany (figureT8 office has 7 floors and offers space
for approximately 300 workplaces and 13 appartmentthe two top floors. It contains 60
vacuum toilets and 20 vacuum urinals. Greywaté&ested with a compact activated sludge
reactor combined with membrane filtration system.

Figure 29: KfW Bankengruppe building

5.2 Background

The mission of the Kreditanstalt fir Wiederaufb&éV{ Bankengruppe) is to give impulse to
economic, social and ecological development onchallscale. Among other activities, the
KfW is financing investments and is offering corianty services in developing countries on
behalf of the German Ministry for Economics Coopiera and Development (BMZ). In
addition, the bank stimulates innovations and thguitg capital market, advances
environmental protection and encourages the expamgimunicipal infrastructure.
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The KfW Bankengruppe is one of the ten biggest banksermany with a balance sheet total
of EUR 329 billion (as per 31.12.2004). It is owrl®dthe government for 80 % and 20 % by

private ownersyww.kfw.de)

The offices in Frankfurt are divided over 9 offigeildings in the centre of Frankfurt. In 1976
the KfW moved into the first office building at tialmengarten. The Ostarkade is the most
recent building and was opened in November 2002s Tuilding has a capacity of
approximately 300 working places and contains sdvemovative sustainable building
features that combine economical and ecologicakaein

The innovative facilities are: a passive ventilatisystem, a vacuum sewer system, a
greywater treatment system, the use of a photaeatad photo thermal electricity (?) system

and greenery on the roofs of the apartments. Infriraework of this research the vacuum

sewer system and the greywater system are investiga

The main objectives for KfW of the project were:

- Improvement of the in-house environmental baland&\a/

Reduction of operating and maintenance cost bynegatdang and recycling

- A showcase project of innovative technologies wte antributing in the closed-loop
concepts of wastewater management. (Klingel eR@04 and Seligpers. com)

In total 60 vacuum toilets and 20 vacuum urinaks taansporting the blackwater within the
office building towards the vacuum pumping statibrat is situated, together with the
greywater treatment system, in the basement. Giteyvirmm sinks, showers/baths, cleaning
and kitchen is collected with a gravity pipe systand is treated in a compact activated
sludge reactor combined with membrane filtratiorhe Tinstallations implemented are
described in paragraph 5.5. A system for rainwatdtection and reuse was taken into
consideration, but has not been implemented, becthes greywater treatment system is
providing enough water for reuse. Therefore calbecof the rainwater was not considered
necessary. (Selig and Schwapkys. com

5.3 Actors and their roles & responsibilities

The roles and names of the main actors are prakenté¢he table 20. These actors are
responsible for the decision making and designiracgss, the technology supply and the
maintenance of the vacuum sewage system and theaper treatment installation.

Table 20: Actors involved in the project

Nr. | Description | Company name Contact person(s) | Role(s)
1 Project owner| KfW Bankengruppe Mr. K. Helms Investor, project
management and user
2 Technical Ip5 Mr. W. Selig Water concept
design ingenieurpartnerschaft calculation and
design
5 Architect RKW Mr. J.Papenhagen | Building design
8 Technology | Roediger Vakuum- und Mr. C. Ruster Supplier of the
supplier Haustechnik GmbH vacuum sewage
system and
maintenance
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9 Technology | ACO-Passavant— | ----------------- Supplier of the
supplier Roediger greywater treatment
installation and
maintenance
10 | Technology | Wiese Water Systems Mr. U. Weise Supplier of the
supplier membrane filtration
unit for greywater
treatment installation
11 | Maintenance | Hochtief Facility Mr. Bonfert Maintenance of total
Management system.
------- = unknown

KfW has incorporated separate treatment of thevgagyr and blackwater within their new
office building “Ostarkade” with the intention teduce the consumption of fresh water
significantly. To accomplish these goals the KfWasted in these technologies which made
this a showcase project of innovative technologwe® are contributing in the closed-loop
concepts of wastewater management.

One time per month, Mr. K. Helms of the KfW had aating with the other actors during the
selection of the systems. KfW was responsible fog final decisions on the system
selection/technology choice, these decisions whased on authority.

IpS ingenieurpartnerschaft had an active role coniog the development and technical
design of the energy- and water concepts (vacuwage system and the greywater treatment
system).

As technology supplier Roediger Vakuum- und Haustéc GmbH supplied the vacuum
sewage system and is performing maintenance ifinedju ACO-Passavant — Roediger
supplied the greywater treatment installation alsh gerforming maintenance if required
from the KfW. The membrane filtration unit, whick part of the greywater treatment
installation, is supplied by Weise Water Systems.

General maintenance is done by the Hochtief Faddd&inagement.

5.4 Drivers and barriers

An analysis of the drivers and barriers was peréarby interviewing the actors that were
involved in the decision making process. The adioas were interviewed are shown in table
21:

Table 21: Interviewed actors

Description Company name Contact Role(s)

person(s)

Project owner KfW Bankengruppe | Mr. K. Helms | Project
management/initiator and
owner

Technical design Ip5 Mr. W. Selig Water concept calculation

ingenieurpartnerschaft and design

The drivers and barriers are divided in severaligso

- environmental drivers and barriers
- public health barriers
- legal & regulatory barriers

Urban Environmental Management 48



WAGENINGEN UNIVERSITEIT

# WAGENINGEN[NEH
- financial drivers and barriers
- social & managerial drivers and barriers

Because of the fact that the answers of each ddfer, the answers are described for each
actor separately. This in order to keep a goodweeerof the results of the questionnaires.

The complete list of the drivers and barriers isspnted in appendix 12. The aspects, as

mentioned above, within the drivers and barriemsstjonnaire were rated on a scale from 0 to
4. On the scale of importance: O represents “unitapt’ and 4 represents “important”.

5.4.1 Environmental drivers and barriers

Project manager: Mr. K. Helms

When selecting the system the following environrakdtivers were important to the project
management/initiator and owner: water saving amdeption of groundwater were rated on
importance scale 4. The positive feeling about remvhental behaviour, reduction of water
emissions, recycling of water and reduction of gparsewere rated on importance scale 3.
The recycling of nutrients was considered as nkuiifae aspects of the sanitation system
realised according to Mr. K. Helms are: water sgvand recycling of water rated on
importance scale 4 and positive feeling about emwirental behaviour and reduction of water
emissions on importance scale 3. The protectiorgroundwater was rated as neutral.
Prevention of drying out of soil, protection sudaaevater, quality of neighbourhood
landscaping, reduction of energy use and recyalihgutrients were rated on importance
scale 0. The quality of neighbourhood landscapiregs wnimportant, because the office
building itself is not built with any ecological ects that are clearly can been seen on the
outside.

Technical design: Mr. W. Selig

When the system was selected the following enviemal aspects of the wastewater
management system were important for the techrdesign: water saving (scale 4) and
positive feeling about environmental behaviour iscad). Water saving was one of the
objectives for the KfW to implemented non-convenébsanitation concepts in the office
building. Reduction of water emissions, recyclifgn@ter and recycling of nutrients were
rated as neutral. Recycling of nutrients was rased neutral. The other remaining
environmental aspects that influenced the techrdesign when the system was selected
were: protection of surface water, groundwater eeutliction of energy. These influences
were scaled on number 1. The environmental asgigatsvere unimportant and had a number
0 on the rating scale were: prevention of drying ausoil and the quality of neighbourhood
landscaping.

The importance of the aspects realised are extwlysame as the ones when the sanitation
system was selected

The risk that the system could overflow hamperembiporating non-conventional elements
in the design and implementation of the sanitaigstem. For these risk safety measurement
are taken in the design. In case of an overloatietystem the extra wastewater is directly
discharged on the municipal sewerage net. Whemtpertance is scaled is became a number
4.
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5.4.2 Public health barriers

Project manager: Mr. K. Helms

No public health barriers hampered incorporating-oonventional elements in the design.

Technical design: Mr. W. Selig

The public health barriers: health risks, chemitaards and physical injury for employees
and householders who have access to the systene whlearrier with the rating scale 4 of
importance. The vacuum station and greywater treatrsystem are located in the basement
of the office building and is not accessible byutharised personal.

5.4.3 Legal and regulatory barriers

Project manager: Mr. K. Helms / Technical desigm. M/. Selig

The administration of Frankfurt had discussionshwite KfW in order to get the permission
for applying the sanitation techniques. The redurctof the wastewater flow could cause
blockage in the municipal sewerage system.

Nowadays monitoring activity on regular basis isedor the greywater system, because the
treated greywater is reused for flushing the teitatd has to be clean enough for this purpose.

5.4.4 Financial drivers and barriers

Project manager: Mr. J. Lange (initiator)

The financial consideration “operating costs (comagato conventional system)” was a
barrier of deciding to incorporate non-conventioaekments in the design and was rated on
the importance scale 3. The budget for the projes known from the beginning and was
rated on the same scale of importance as the apgpraists. The KfW financed the project in
total. Reduced drinking water consumption (lowdispiwas an important driver for the Kfw
(rating scale 3). The other financial consideratias design and energy cost (compared to
conventional system) where neither a driver oriegrbut were taken into account and were
rated on the importance scale with a number 3.

Technical design: Mr. W. Selig

All the financial considerations were neither avdrior a barrier according to Mr. Selig. The

financial considerations were neutral. The budgas Wknown from the begining, so the

technical design was based on the budget. Whewrdbsis became higher than the budget
allowed, adjustments were made to make it withenithdget.

5.4.5 Social and managerial drivers and barriers

Project manager: Mr. K. Helms

Involvement in sanitation / taking responsibilitiee your household water management
system (water saving, reducing emissions) were itapb social aspects to realise a non-
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conventional design and was rated with scale nurBbémtensive contact and collaboration
with neighbours was considered as unimportant, usecthe building has as main function an
office building. Improvement of the quality of Iy was neutral.

The implementation of a difficult technology was amportant aspect hampering the

incorporation of non-conventional elements in tlesign. There was no references available
for applying vacuum toilets on this scale. The aspeof ownership - , maintenance

unclearness and the maintenance burden on house$leithployees was unimportant.

Technical design: Mr. W. Selig

The involvement in sanitation / taking responsii@$ for your household water management
system (water saving, reducing emissions) were itapb social aspects to realise a non-
conventional design and was rated with scale numbek showcase project of innovative
technologies who are contributing in the closedhbl@mncepts of wastewater management
was an objective of the KfW. To achieve this ohjextpeople must take responsibility for
their wastewater. Otherwise these kind of projeaveh no future. Intensive contact /
collaboration with neighbours and improvement & tluality of living were considered as
unimportant.

The social and managerial considerations that hesdpehe incorporation of non-
conventional elements in the design was the samthasfor the KfW, see social and
managerial barriers of Mr. K. Helms.

5.5 Implemented technology

Within the office building “Ostarkade” two main @an techniques are applied, vacuum
sewage system and a greywater treatment installafiodivision is made for the sewage
system in:

- vacuum toilets

- vacuum station
For thegreywater treatment installation the overall treattprocess is described, technical
treatment with sedimentation/fat separation, bimaigdegradation, membrane filtration unit
and UV disinfection (the membrane filtration usithighlighted separately).

5.5.1 Vacuum toilets

Within the office building “Ostarkade” 60 vacuuniléts and 20 vacuum urinals are installed
and fabricated out of porcelain. These toiletsmoeinted on the wall, figure 30 and 31. The
needed vacuum for flushing the toilet is 0.35 b&-ar and is produced by the vacuum
station that is situated in the basement of thé&dimg. The user pushes the push-button, the
interface valve is opened and the blackwater is@st®d. Air is also sucked into the system.
At the same time the clean water valve is openedrissing water is sprayed into the bowl.
For each flush 0.7 — 1.2 litre of water is needete vacuum valve is closed but the water
valve remains open. A small amount of fresh watesprayed into the bowl. The water valve
is closed, a small volume of clean water is rethimethe bowl and the toilet is ready for use.
When the toilet is flushed 60 litre of air volungetiansporting the blackwater towards a self-
discharging batch vessel. This vessel is incluged the vacuum pipeline system directly
after the vacuum toilet or urinal and can storetipla flushes. When the vessel is filled with
5-7 litre of black water a trigger mechanism stavtich automatically empties the vessel.
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From here the blackwater is transported troughvidium pipelines towards the vacuum
station, the needed vacuum for this process i®@bar. (60-70 litres air).

Figure 30: Top- and front view of installed vacuum oilet Figure 31: Front view of
installed vacuum urinal

5.5.2 Vacuum station

The vacuum station (figure 32) is situated in tlasdment of the office building and is
connected on the municipal sewerage system. Invlagum station the blackwater from the
vacuum toilets is temporally stored in the vacuuatien receiver tank. The tank has a
volume of 600 litre. When a certain level of blagker in this tank has reached, it is
discharged into the municipal sewage system inhestasy one of the two discharge pumps.
The discharge pump is automatically triggered byamseof a float shut-off and stopped after
a running time of 25 seconds after the float sifihas gone. The two vacuum pumps are
connected via suction pipes with the vacuum tarik@essurized by means of pipelines with
a vent line. This vent line is drawn over the robthe office building. Condense water which
build up in this vent line is evacuated via thesrfdce unit. The vacuum pumps suck in the air
which has entered the vacuum system via the imterdiaits or the vacuum toilets.

If the pressure of the vacuum tank falls underltag the main vacuum pump is triggered
automatically by means of a pressure switch. Hawgstablished the necessary vacuum 0.6
bar and passed an after-run of 1 minute, the magcuwm pump is switched off again. A
second vacuum pump is present if the pressurdissuiader 0.45 bar and the main pump is
already running. Both pumps shut down when thegureshas reached the final vacuum of
0.6 bar. When the final vacuum of 0.6 bar is naiched after a period of 60 minutes, both
pumps shut down and an alarm malfunctioning sigmaiiven. In case the discharge of the
blackwater is not triggered by the float shut-affiahe vacuum tank is overloaded a second
float shut-off is triggering an alarm after 10 seds.
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The vacuum station has a suction
performance of 2 x 63.000 litre/hour at 0.5
bar and a discharge capacity of 20.000
litre/hour against 14 meters (water
pressure).

Energy connection performance of 6.0 kW.
Diameter: 800 mm

Height : 1950 mm (with fundament)
Volume: 600 litre

Figure 32: Vacuum station

5.5.3 Greywater treatment installation

The total greywater treatment installation (fig@8 is divided in several treatment steps, for
each step a description is given below. The numbetween the brackets refer to the total
scheme given in appendix 13.

| The volume that is required for the installed
gre?/r\évater treatment installations is approximately
60 nr.

Figure 33: Greywater treatment system

Grease separator (8):

The grease separator is functioning using the tyravinciple. Wastewater containing grease
and cooking oils enters the separator throughed galming device so as not to interfere with
the separations process. Inside the chamber, hesdwage’s settle to the bottom while lighter

oils and grease rise to the surface of the separéh® cleaned wastewater then exits the
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separator and flows into the biological treatmamt.urhe collected sludge and grease should
be disposed within 2-4 weeks by a licensed disposaipany. During disposal, the entire
contents of the separator are pumped into a waiisgosal truck and finally the empty
grease separator is refilled with fresh water dadgul back into operation.

Filter unit (1):

The filter unit (figure 34) is filtering the solichaterials that
are present in the greywater (hair, textile, etit.has an
overflow towards the municipal sewerage systencase of
an overload. From this filter the water is transpdr
towards a collecting tank (2).

Figure 34: Filter unit

Biological treatment:

The first step of the biological treatment is tlodlecting tank. This tank is aerated is order to
prevent the development of bad odours. From thieaolg tank the greywater is pumped
towards tank 3, were micro-organism are breakingrrdohe organic pollutants that are
present in the greywater.

Ultrafiltration unit (5):

When the greywater has passed the biological teatrstep the water is transported to a
collecting tank (4). In this tank coarse dirt pelds are removed with a screen and
sedimentation. In order to prevent the developn@nbdours when the plant is not in
operation, the collecting tank is aerated from timéme.

In tank (5) the actual filtration process takescplavith membranes, Micro Clear filters
(MCO2). These filters are developed and produced\sise Water Systems. In total 8
membrane filters packs are installed within theafiltration unit. Figure 35 is representing a
membrane filter pack with the technical specificas.
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Figure 35: Membrane filter pack

Bacteria with the addition of oxygen decomposeditganic substances in the greywater. The
membranes, which are directly submerged into tlegwater not only holds back all bacteria
inside the system, but also prevents germs fromrggpthrough. Solvents can go through the

membranes.

Figure 36: Ultrafiltration unit

Urban Environmental Management

Number of active plates: 38

Plate distance: 2.5 mm
Packing density: 250 7m?>
Membrane area: 5.5°m
Average flux: 20-60 I/dmour
Membrane material: polymer
Pore size: 0.01-0.1 pm

the same time. The blower

ultrafiltration unit is presented in figure 36 ,llogv
the technical features are described.

- Maximum output: 1 hour

- Design flux: 22 |/dhour
- Total membrane area: 45 m

- Length: 1.5 metre
- Breadth: 1.2 metre
- Height 2.2 metre

Fresh water collection tank (6):

55

A blower, which is mounted to the tank provides
the air supply for the biology and cleans the ffitie
is continues
operation, this in order to prevent clogging of the
membranes. In order to prevent bio-fouling on the
membranes, regular back-flushing’s with permeate
together with a disinfection chemical (e.g. hydmoge

peroxide) are required. The back-flushing’s and
also the chemical dosage take place fully automatic

The filtrate is withdrawn with a filtrate pump at a

suction pressure of 0.1 — 0.3 bar. The filtrate is
pumped over a permeate back-flush tank towards
the clean water collection tank (6). The permeate
back-flush tank is situated on top of the unit. The



WAGENINGEN UNIVERSITEIT

# WAGENINGEN[NEH

The clean water collecting tank is a reservoirtifiar treated greywater. The water is circulated
over a Ultra-violet (UV) treatment module that isrforming the last step of the greywater
treatment process. UV treatment is the disinfegbimotess of passing water by a special light
source. The special light source emits UV wavetsdha inactivate harmful micro-organisms
that are present in the water flovhe ultra-violet rays, similar to the sun’s UV sitonger,
alters the nucleic acid (DNA) of viruses, bactengparasites, so that they can not reproduce
and are considered inactivated.

From the fresh water collecting tank the water usnped towards the needed reuse points
within the office building by a pumping station.

5.6 Performance and evaluation

Water consumption

During the construction of the office building cavas taken to use innovative and resource-
saving technologies, in particular to save on frgater. The aim for this building was a water
consumption of approximately 22 litres per persengay. Nowadays the water consumption
is approximately 20 litre per person per day.

Blackwater treatment

Blackwater is transported by vacuum toilets anduuat urinals. The vacuum toilets use +/- 1
litre for flushing and 60 litre air and the vacuunmals +/- 0.5 litre. Conventional toilets need
6-9 litre water per flush. This saves 5-8 litreletime the toilets are flushed.

The maximum noise level produced by the vacuunet®il +/- 83 decibel. A research about
the noise production of the installed vacuum teil@d normal gravity toilets is performed
by Roediger Vakuum- und Haustechnik GmbH. Soundsoresnents are taken on several
floors (ground floor, 1 st. floor and second floofhe results of these measurements are
presented in appendix 14. As can be seen in thigdithe maximum noise level of the
vacuum toilets is almost similar to the normal gsatwoilets. The difference lies in the time
that the noise is heard. The time for the vacuuhattois 15 seconds as for the normal gravity
toilets 29 seconds.

The maximal particle size that the system can leisdd6 mm, this is the same diameter of
the opening inside the vacuum toilet. The valvergtthe toilet has a diameter of 50 mm.
which is larger than the diameter the opening msinek toilet. What is going through this
opening inside the toilet ends up in the vacuumastaollecting tank.

Problems that occurred when the system was opgratiere:
- leakage in the vacuum pipeline, resulted in preskss of system
- blockage inside the pipeline, especially in theitneigg (Nowadays these problems
occur instantaneously, because the people areidgamith the system. If blockage
occur in the main vacuum pipeline than the complataium system is out of
order.)

Advantages of the vacuum system:
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- pipelines with small diameters

- flexible installation of pipelines, also ascend{imglependent of slope)

- small space required for pipelines

- easy reconstruction in case of additional connastm modification of connection
places

- no lifting machines or pumping station required

- no leakages of wastewater in case of pipe damages

- no odour annoyance thanks to tight and odourlestgisy

- occurring leakages are immediately recognized dulecreasing pressure loss

- water saving

- improvement efficiency of connected sewage treatrplamts thank to lower
dilution of wastewater.

Greywater treatment:

The performance and evaluation of the greywateatrirent installation is divided in the
greywater treatment installation in total (1) andthe ultrafiltration unit (2).

1. Greywater treatment installation (total)

The greywater treatment installation operates aaacity of approximately 500 litre/hour
and it produces bathing quality water. The wateused for reuse as toilet flushing or
cleaning water.

The treatment efficiency for BOD removal is 98.8 (fluent 400 mg/Il, effluent 5 mg/l). The
treatment efficiency for pathogens removal is 9998 %. The probability that a batch of
final treated greywater failing to comply with affal wastewater quality standards is 0 %.
The final effluent water does not exceed the ddfiquality standards. For the sludge there are
no monitoring data available, sludge is directlgctiiarged on the municipal sewage system.
The monitoring activity is performed by the Univiggsof Karlsruhe fttp://www.kfw-
monitoring.d¢ and Hochtief Facility Management.

In table 22 the different effects of fluctuations ¢oncentrations of components in the
greywater are described for the greywater treatnmestallation. The effects are categorised
by numbers. The numbers run from O till 4. The bem0 means no effect on the
performance of the system and the number 4 mefotnéeffect on the performance. So the
higher the number the more effect it has.

Table 22: Effects of fluctuations in concentration®f components

Component Effect | Description

Heavy metals 0 Influent water does not contain heavy metals irhsuc
concentrations that it has effect on the process.

Pathogens 0 No effect on the system.

Fatty substances0-4 Interfere with the separations process, originatlygrease
separator was installed. Kitchen water was add@iddcess which
formed problems. (clogging the system)

Medicines and | O The effect could be lager when concentrationgh.Ht can result
hormones in damage of biology, but is not known yet.
Phosphorus / 0 No effect on the system.
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nitrogen

Organic 2 Bacteria are able to brake done the extra orgaaterial. More
materials time needed for breakdown.

* Means that the effect increases when the auraton is increasing

There are no effects on the process to fluctuatiopsarticle diameter and temperature. Large
particles are filtered out by the filtration ur(figure 34).

The greywater treatment installation was originalgsigned to treat only greywater, now it
also receives wastewater from the kitchen of tfieeo building. Due to this connection
several problems with the system performance oeduffhe ultrafiltration unit in particular
has had problems and needed to be adapted tchigkesr loading rates. A second problem
that influenced the system performance negativelyhat the wastewater, contained fatty
substances that caused clogging of the membrankegipelines. These problems were solved
by installing a grease separator. (Selig and Wekses. con). Approximately 5 failures occur
per year, when the system fails it takes aroun@@&rdrmaximum to get it operating again
(depending on the type of failure). (Helrpgrs. con).

Public health

The greywater installations forms no direct hazé&rd public health and injuries. The

employees and householders can not get into doeotact with untreated water. The
installations are situated in the basement of tifieeoand is only accessible by authorised
personal.. It is not likely at all that househokjexrho use the system, fall ill or get physical
injuries due to system failure or other causes.

The membranes are cleaned with hydrogen peroxiike,g the only chemical used for the
process, under normal circumstances it is not fogma hazard for the employees and
households. (Helms, Selig and Weigers. con).

2. Ultrafiltration unit:

In table 23 the different effects of fluctuations concentrations of components in the
greywater are described for the ultrafiltration tufiVeise, pers. con). The effects are
categorised by scale numbering. The numbers osdake run from O till 4. The number O
means no effect on the performance of the systahtt@number 4 means a lot of effect on
the performance (the higher the number the moezeif has).

Table 23: Effects of fluctuations in concentration®f components

Component Effect | Description

Heavy metals 0 Influent water does not contain heavy metals irhsuc
concentrations that it has effect on the membranes

Pathogens 0 No effect on the system

Fatty substancesO The change of clogging the membrane, creaseaep#s
included in process. If not there is a change adging.

Medicines and | O The effect could be lager when concentrationgh.Ht can result

hormones in damage of biology, but is not known yet.

Phosphorus/ | 0O No effect on the system

nitrogen

Organic 0-4 | The effect could be lager when concentration i$ higcan result

materials in damage of biology
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* Means that the effect increases when the aunaton is increasing.
The used membranes have a pore diameter of 0.0ir@. This means that particles that are

larger can not pass this membrane, for the totaicpaand filtration range see figure 37. The
maximum particle size that the unit can handlensm2.

Particle size and filtration range of the MicroClear filter

< electron-mi < microscope <visible for human eye

micrometer 0,001 100 1000

relative size
in comparison

separation
technology

Figure 37: Particle and filtration range MicroClear™*

Filtration occurs through a membrane, with a pare so small, that all particles, bacteria and
even viruses are retained.

The maximum noise level produced by the unit isS¥decibel, produced by the blower.

In order to prevent bio-fouling on the membranegutar back-flushing’s with permeate
together with a disinfection chemical (e.g. hydmogeeroxide) are required. The amount of
hydrogen peroxide used is 60 kilograms per year.

Advantages of the ultrafiltration unit:

- high water quality

- safe treatment and disinfection of rainwaterygia@er and sewage

- saves water

- easy, reliable operation

- compact

- quickly put into operation

- minimum maintenance requirements

- upgrade for larger buildings possible due tortteglular design

- high cost savings due to low invest and minimunargy consumption

" source: Brochure Water with Security, Weise
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5.7 Costs and maintenance

The KfW financed to complete system (vacuum seveygéem and greywater installation).

Vacuum sewage system

Total investment costs for the vacuum sewage systene 80.000,- Euro. The estimated
annual operating cost of the process train forvlluum sewage system are ca. 1550 € per
year for maintenance and 500,- Euro electricittsp®er year. The system has an estimated
useful service life of approximately 30 years. Atthas shown that the vacuum toilets can
handle at least 2.8 million flushes (pers. comm. ®H Rister, Roediger).

Maintenance is performed by Roediger and HTM, Rgedperforms +/- 20 hours per year on
(general) maintenance and operating activitiegs(mmm. Mr. C-H Rister, Roediger). The
time needed for maintenance and operating acsvilie HTM is +/- 70 hours (pers. comm.
Mr. K. Helms, KfW).

When there is a system failure it takes less th&rhOurs to repair the system and make it
operational again. The time period depends on thé &f failure (pers. comm. Mr. Selig,

Ip5).

Greywater system

Total investment costs for the greywater treatnsgstem were 50.000,- Euro. The estimated
annual operating cost of the process train fortttal greywater treatment system are not
available.

Maintenance is performed by ACO-Passavant and Hfht¥takes +/- 30 hours per year on
(general) maintenance and operating activitiegs(momm. Mr. K. Helms, KfW).

When there is a system failure it takes less th8rhOurs to repair the system and make it
operational again. The time period depends on theé &f failure (pers. comm. Mr. Selig,

Ip5).

The estimated life time of the total greywatertegsis 20 years, for the membranes that are
used within the ultrafiltration unit the estimatédtime is +/- 5 years.

Initial cost estimates that the return on the aoldiétl cost of Kf\W's wastewater management
system is about 2 - 5 % per year depending onutied rise in water price. (GTZ, datasheet)
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6 Conclusions

6.1 Introduction

This chapter is divided in several paragraphs basdtie research questions. Comparisons
are made between the projects and the conventilmmaéstic wastewater treatment according
to the obtained and available information, for ¢bst, performance and user acceptances.

6.2 Conventional wastewater treatment Germany

For this research the conventional treatment metlaiddomestic wastewater in Germany
were investigated. Germany is divided into 16 cmsmtBaden-Wurttemberg, Bayern, Berlin,

Brandenburg, Bremen, Hamburg, Hessen, Mecklenbargpdmmern, Niedersachsen,

Nordrhein-Westfalen, Rheinland-Pfalz, Saarland, hSan, Sachsen-Anhalt, Schleswig-
Holstein, Thiringen. According to the data that wesilable 95 percent of the population are
connected on a sewerage system. In total 10,18&water treatment plants are in operation
with a total sewage network of 450.000 kilometiHse total wastewater treatment plants are
responsible for treating 9.6 billion®mnf sewage on a yearly basis.

Three types of domestic wastewater treatment grkealin Germany:

- Mechanical
- Biological without post treatment
- Biological with post treatment

According to the latest numbers (2001) 95 percérih® wastewater is treated biologically
with post treatment, 5 percent only biologically dathe rest (equals 0.1 percent)
mechanically.

The following tables presents an overview of thEgenance of wastewater treatment plants
in Frankfurt am Main.

Table 24: Total wastewater treated (mYyear)

WTP Griesheim WTP Niederrad WTPs Griesheim +
Niederrad
52.268.600 35.887.900 88.156.500

Table 25: Pollution loads and concentrations

WTPs Griesheim/Niederrad

15.163 ton BORyear 172 mg BOBlitre
39.406 ton CODl/year 447 mg CODl/litre
3.050 ton NH-N/year 34.6 mg NkN/litre
696 ton R-Plyear 7.9 mg R-Pllitre
Table 26: Effluent concentration and legal standard
Parameter Griesheim/Niederrad Legal standard
BODs 4.6 mg/litre 15 mg/litre
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COD 30.0 mg/litre 50 mg/litre
NH4-N 0.6 mg/litre 8 mgl/litre
Nitot anorg. 10.0 mg/litre 14 mgl/litre
Prot. 0.75 mg/litre 1 mgl/litre
AOX 27 pgllitre -
Hg <0.2pgl/litre -
Cd <0.3ugl/litre -
Table 27: Sludge treatment (incineration)
Sludge amount Percentage dry weight Total dry weight
1,052,380 nyear 2.5% 25,812 ton

Table 28: . Energy consumption (kWh/year)

Griesheim/Niederrad Sludge incin.used Sludge incin. Produced

30,639,920 kWh/year 11,325,911 kWh/year 15,7741000/year

6.3 Involved actors

The idea of implementing non-conventional sanitatoncepts in a passive energy house or
office building was accomplished by collaboratidndifferent actors. Both projects have a
project owner that had an idea that needed to Isgymkd by several other actors like,
technology suppliers, architects and technical duse

Both projects show some similarities concerning tbke of the actors. For the project
“Arbeiten & Wohnen” other actors are involved besawf the scale and intentions of the
project. For instance it is financed from privated ayjovernment funding as for the KfwW by
their own resources. At the project “Arbeiten & Weim” an association is formed that was
responsible for the management and juridical assist

6.4 Drivers and barriers

The actors as mentioned above are interviewed Her drivers and barriers concerning
implementation of DESAR concepts within the invgated projects. The results are re-
presented in table 28. In the table the availalbl@a d@oncerning drivers and barriers from a
previous research done by van Betuw (2005) in whctDutch DESAR sites were

investigated is presented in the same table.

Table 28: Drivers and Barriers invetigated sites

Drivers Arbeiten & | KfW Dutch sites

Wohnen Bankengrup | (Van Betuw,
pe 2005)
Environmental and public health

Reduction of water emissions Yes Yes Yes

Recycling water Yes Yes Yes

Protection of surface water Yes Yes Yes

Protection of groundwater Yes Yes/No Yes

Prevention of drying out of soil Yes No -
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Reduction of energy use Yes Yes Yes
Emissions reduction Yes Yes Yes
Recycling nutrients Yes Yes/No No
Quality of neighbourhood landscaping No No Yes/No
Financial
Operating cost (compared to conventiopklo Yes/No -
system)
Energy costs (compared to convention#es Yes/No -
system)
Reduced drinking water consumption (lowéfes Yes -
bills)
Design costs (compared to conventionklo Yes/No -
system)
Applying vacuum toilets No Yes/No -
Social
Positive feeling about environmentaYes Yes Yes/No
behaviour
Implementation of eco-sanitation Yes Yes -
Intensive  contact with neighbours | Yes No -
collaboration
Involvement in sanitation Yes Yes -
Improvement quality of living Yes Yes/No -
Barriers Arbeiten & | KfW
Wohnen Bankengrup
pe
Environmental and public health
Health Yes Yes Yes
Flood risks Yes Yes -
Chemical hazard Yes Yes -
Physical injury Yes Yes -
Noise production Yes No -
Use of biogas installation Yes No -
Law and regulatory
Site depending | No | Yes -
Financial
Operating cost (compared to conventiophlo Yes/No Yes
system)
Bankruptcy involved actors Yes - -
Energy costs (compared to conventionblo Yes/No -
system)
Design costs (compared to convention#es Yes/No Yes
system)
Applying vacuum toilets Yes Yes/No -
Social
Difficult technology Yes Yes No
Ownership unclear Yes No -
Maintenance responsibilities unclear Yes No -
Maintenance burden on householders Yes No -
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Use of biogas installation Yes -

chemical hazards Yes No

Noise disturbances Yes No

Management and maintenance problems Yes Yes Yes

* stated as neutral importance or as neither davdrarrier

The differences in drivers and barriers betweem lpbjects can be explained by the non-
similarity of the projects. Within the environmelhaéad public health drivers a large similarity
can be seen. They only differ in the drivers: pcbta of groundwater, prevention of drying
out of soil and the recycling of nutrients. Thestfitwo are due to the location of the projects.
In Freiburg there are no problems with the grourtdwkevel as for Frankfurt am Main they
face low groundwater levels so this on the agefRda.the financial part of the drivers and
barriers some similarities can be seen. The difiegdies in the fact that the KfW financed
the project by them self so they had a clear viawhe costs. As for “Arbeiten & Wohnen” a
large part is financed by DBU, which in this caseaidriver. A clear difference that can be
seen in the social drivers and barriers is thatiwithe project “Arbeiten & Wohnen” it was
unclear who is/was responsible for the installationcase of breakdown.

As can be seen is that the recycling of nutriemtaat a driver in the Netherlands, while in
both German cases it is, and that the applied tdogies are not considered difficult while in
Germany they are. It should be mentioned that theclD cases only have grey water
treatment systems (constructed wetlands) in place.

6.5 Implemented technologies

The model housing project “Arbeiten & Wohnen” isusited in Freiburg im Breisgau and
includes 14 apartments and 4 offices. Blackwaterevacuated by vacuum toilets and
greywater is treated in a membrane filter modul@inRater is infiltrated in ditches near the
building. A biogas installation is installed butnst operating yet.

Within the office building “Ostarkade”, of the Kf\MBankengruppe, a vacuum sewer system
and greywater recycling installation are appliede Dffice is situated in Frankfurt am Main,
The office has 7 floors and offers space for apipnaxely 300 workplaces and 13 apartments
on the two top floors. It contains vacuum toiletsd avzacuum urinals. Greywater is treated
with a compact activated sludge reactor combinetth wiembrane filtration system. What
about rain water (do you have information?) — siyime mention it with A & W.

Vacuum toilets

Within the project “Arbeiten & Wohnen” 24 porcelawacuum toilets are installed. The
needed vacuum of 0.5 bar (15-20 litre of air antitré water) for flushing the toilets is
produced by the central vacuum station in the basémwf the building. The waste stream is
than transported towards a reservoir (“selbsteale®n Sammelbehalter”) behind the toilet.
This reservoir has a capacity of circa 9 litre afstewater. Up to 5-6 flushes are stalled inside
this reservoir and when this reservoir is fullut@matically empties itself with the help of 60-
70 litre of air. The wastewater is subsequentiihdpmrted to the collecting tank in the
basement.

As for the office building “Ostarkade” 60 vacuuniléts and 20 vacuum urinals are installed
and fabricated also out of porcelain. The needediwa for flushing the toilet is ranging
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between 0.35 bar-0.6 bar and is produced by theiwacstation that is situated in the
basement of the building. For each flush 0.7 ifr@ of water is needed. When the toilet is
flushed 60 litre of air volume is transporting thleckwater towards a self-discharging batch
vessel. This vessel is included into the vacuunelpip system directly after the vacuum
toilet or urinal and can store multiple flushes. &ltlthe vessel is filled with 5-7 litre of black
water a trigger mechanism starts which automayicathpties the vessel. From here the
blackwater is transported trough the vacuum pipslitowards the vacuum station, the needed
vacuum for this process is 0.2-0.6 bar (60-70 ditegr per flush). The vacuum station is
situated in the basement of the office building @donnected on the municipal sewerage
system. When a certain level of blackwater in thisk has reached, it is discharged into the
municipal sewage system.

Vacuum stations

The used vacuum stations, for generating the neealeadum is standing in the basements of
the buildings and are connected to the municipaksgge system. The vacuum station within
the project “Arbeiten & Wohnen” is connected orthie municipal sewerage system because
the biogas installation is not operating.

Biogas installation “Arbeiten & Wohnen”

The biogas installation is not yet operational,suse of problems with the coordination of

the research work and the financing of the biogas glant. Due to these problems, some
components are not yet installed (conditions De@n@05). The biogas installation is an

important part of the ecological sanitation conadhe project. The installation was a totally

new development and was the first biogas plantfoapartment building in Germany. Not

only the blackwater can be used for the biogast@ahalso organic household waste. It is
expected that the biogas plant does not producagénbiogas for heating purposes of the
complex. Instead the produced biogas can providkiog gas for the households. The

substrate what is left over from the process isgrorby a pumping station towards a storage
tank where it can be reused as fertilizer in adjtice.

Greywater treatment installations

The greywater treatment installations of both regesd projects show a clear similarity with
respect to the applied treatment processes :

Within the greywater treatment installations thédlyted water is cleaned with the help of
aerobic micro-organisms, which form,®, CG and mineralised particles. This treatment
occurs under aerobic conditions. New sludge is ywced within the system that has to be
reused within the system or discharged; therefaretirning cycle of the sludge is installed
inside the installation. Within the water there acene floating particles and sludge present
that are not separated by sedimentation. To avmdpresence of particles in the treated
wastewater a membrane-module is installed, this lonene is forming a barrier where no
sludge or other particles can flow through. Thated water can be reused for flushing the
toilets and/or watering the garden. When the amotitieated water is exceeding the amount
that can be reused it will be discharged on testwerage.

The difference between both projects regardingytiegwater treatment installations is first of
all in the dimensions of the treatment facility.r Floe office building “Ostarkade” the amount
of wastewater is larger requiring larger treatmerdtallations. At the office building
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“Ostarkade” two additional treatment steps areiappli.e a grease separator and an Ultra-
Violet (UV) treatment module

Rainwater reuse

For the total Vauban district where the project bgiten & Wohnen” is situated a plan is
realised that the rainwater can be irrigated in sherounding soil. This means that the
rainwater is led over open gutters into two ditceesar the complex to not dilute the
wastewater streams. No rainwater reuse is appligdnathe office building “Ostarkade” of
the KfW.

6.6 Performance of j[_he installed installations “Arb eiten & Wohnen” and KfwW
Bankengruppe “Ostarkade”

Table 29 presents a comparison between the penmenaf the installed treatment
installations for both research sites and compateshe conventional wastewater system.

Table 224: Performance installed installations andanventional system

Parameter Arbeiten & | KfW Bankengruppe | Conventional
Wohnen wastewater system
in Germany
Estimated useful 30 years 30 years 30 years (sewer)
service live blackw.
system
Estimated useful 5-50 years 5-20 years -
service live greyw. syst
Water consumption | 94.4 litre/day’ 20 litre/day* 147 litre/day
p.p.
Water needed for ‘-1 litre -1 litre 5-9 litre
flushing
Energy 66 Wh/resident/day -
Air needed for flushing  15-20 litre 60 litre -
Noise level ‘.83 decibel ‘.86 decibel ‘1. 83-86 decibel
Max particle size 46 mm 46 mm 80 mm
(vacuum syst.)
Capacity greywater 140 litre/hour 500 litre/hour** -
system
BOD removal *1.98.4 96°° 1. 98.8 %o+ .97 %"
efficiency in greywater
system
Pathogens removal 1.99.8 % .99.9
efficiency greywater
Failures greywater +/- 5 times/year +/- 5 times/year -
system
Failures blackwater | +/- 3 times/year Seldom (only in
system beginning)
0 Concrete tank where the process takes place 03@&
Electrical steering components 10-15 year

Membranes (depending on the loading rate) 5-8 yea
% The water consumption is based on 34.5 m3 perperamsident
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influent 129 mg/l, effluent/. 3.9 mg/I

* The aim for this building was a water consumptairapproximately 22 litres per person per dayit®an be
concluded that a low water consumption is estabtish

** maximal capacity

*** influent */. 400 mg/l, effluent/. 5 mg/l

+ mixed wastewater (black and grey)

Between the two selected DESAR sites a large snitylean be seen in the table presented
above. The differences that are not due to the cizihe treatment system are discussed
below. As can be seen from table 29 the amounirafieeded for flushing is higher within
the “Ostarkade” and the amount of failures with tilackwater system are less than the
project “Arbeiten & Wohnen”, because of the fadattthe project “Arbeiten & Wohnen” was
one of the first projects with a vacuum seweragesy applied on this scale. So it was a case
of trial and error when the system was installeatet the system has overcome the problems
and is now functioning in the right way. Anothectfés the chance of clogging of the system
in the office building is lower than in a living mplex, because in a project like “Arbeiten &
Wohnen” children are present that frequently trg flush objects which are not meant for
discharge through the toilets (toys,etc).

KfW Bankengruppe, project “Ostarkade”

The probability that a batch of final treated greyer fails to comply with official wastewater
quality standards is 0 %. The final effluent watkyes not exceed the official quality
standards. For the sludge there are no monitoratg available, sludge is directly discharged
on the municipal sewage system.

Problems that occurred to blackwater system at Bfkengruppe:

- Leakage in the vacuum pipeline, resulted in pneskss of system

- Blockage inside the pipeline, especially in tlegibning (Nowadays these problems
occur seldom, because the people are familiar thighsystem. If blockages occur
in the main vacuum pipeline than the complete uatsystem is out of order.)

Problems that occurred to greywater treatment sysaé KfW Bankengruppe:

- Fatty substances in the influent caused probl@mhe beginning) because the system
was not adapted to receive grease containing waste from the temporary kitchen.
These problems are solved by the implementatiangrease separator.

Influent water does not contain heavy metals irhstmncentrations that it has effect on the
treatment process. Phosphorous and nitrogen coatens have no effect on the treatment
system. Organic material is broken down in normaleg when more organic matter is
present in the wastewater the system needs moeeftinbreaking down these components.
There are no effects on the process to fluctuaiiopsarticle diameter and temperature. Large
particles are filtered out by the filtration unit.

Public health

The greywater installation forms no direct risk parblic health and injuries. The employees
and householders can not get into direct contatt witreated water and/or used chemicals.
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Project “Arbeiten & Wohnen”

Problems that occurred to blackwater system at ‘&én & Wohnen™:

- Reservoir (selbstentleerenden Sammelbehélter)ntbethe toilet which holds 5-6
flushes malfunctioned and is removed within cerggpartments.

- Blockage inside the pipeline.

- Loss of vacuum

Problems that occurred to greywater treatment sysa¢ Kf\W Bankengruppe:

- The greywater system is upgraded from a mechbbickgical treatment system with
gravel as filter material to an installation (alsgh biological treatment) but with a
membrane as filter. Because technical problenasa@lwith clogging of the system.

When the outdoor temperature is colder than 5 @sg@elsius two effects occur within the
system:

- Flow speed of the greywater is hampered slightly
- Bacteria are degrading the contaminations slower

Public health

The vacuum system in total (vacuum toilets and wactustation) does not represent a
chemical hazard and the change of health problends physical injuries is 0 %, this
according to all the interviewed actors (Roedigange, Panesar; pers. com.)

The greywater system forms no direct hazard fotipiiealth and injuries. The inhabitants of
the neighbourhood can not get into direct contath wntreated water and the underground
installation is covered with a concrete lit. Itnist likely at all that householders, who use the
system, fall ill or get physical injuries due tesm failure or other causes. Chemical hazards
are not used within the system itself. After a perof time the membranes are taken out of
the system and replaced by cleaned membranes [ipjiesuof membranes)

By the data that is available it can be concluded the systems are performing well and are
contributing to an ecological way of sanitation.

6.7 Costs

Table 30 presents a overview of the cost from tbeventional wastewater treatment in
general and specifically for the treatment planEmankfurt am Main. A distinction is made
between total investment cost, investment cost menson, cost for the sewage, ash
discharging and fees. Part of this fee is usedhertreatment of the wastewater and a part is
used for treatment of the rainwater

Table 25: Overview costs conventional treatment igeneral and from selected site

Cost item General Frankfurt
Total investment costs 6.85 billion /year 25 mitligear
Investment  costs  perll7/ Euro/yea*r 117 Eurolyear
person

Operation costs 61,4 Euro/inhabitant/year -
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Sewage 150000-250000/per 150000-250000/per kilometre
kilometre
Ash discharging - 28 Euro/ton
Fees for water (including2,90 Euro / m 2,18 Euro / m
wastewater treatment)
Expected lifetime sewage] 25 years 25 years
* based on costs for treating domestic wastewat#énput sewage costs
- not known

Table 31 presents an overview of the available scdst realizing and operating the
implemented DESAR technologies per site.

Table 31: Costs per investigated project

Cost item Arbeiten & Wohnen KfW Bankengruppe

Vacuum system (total) € 73,517 € 40,903
(€ 5250 per household)*

Maintenance/operation** € 15.34 (per household/year) € 792 per year

Energy - € 256

Greywater system (total) € 14,981 € 25,565
(€ 1070 per Household)*

* based on 14 household within the building. Exctlidee the 4 offices

** Maintenance is performed by Roediger and HTM, &ger performs +/- 20 hours per year on (general)
maintenance and operating activities. The time retdolemaintenance and operating activities by HTM-/is

70 hours. For the first year a total cost calcalativas made for the monitoring activities of theygvater
system, in total it costs € 4650,-.

- hot known data

It is not easy to compare the costs of the twocsete DESAR sites because of the
dissimilarity of implementation and use of the Hinhs. But for the aspects water
consumption a comparison is made. Not only betvieernwo selected DESAR sites but also
the conventional way of wastewater treatment.

By applying DESAR concepts within the project “Aifte® & Wohnen” a water saving of

approximately 52 litre per day is established, whesumed that 147 litre/day is normal. As
for the personal at the “Ostarkade” they use agrame of 20 litre fresh water each day.
When assumed that in normal situation 35 litreseduwithin is a office by an employee it
saves 15 litre each day. The fees are dependinth@mamount of freshwater used (as
explained before) so less fees has to be paidectsply € 55 per person and € 16 per
person for the residents of “Arbeiten & Wohnen'dathe KfW per employee per year,

respectively.

From the tables above it can be concluded thahthestment costs of the project “Arbeiten &
Wohnen” are higher when DESAR concepts are impléeseon this scale in comparison
with the conventional wastewater treatment plamigdrding the amount of p.e.). The
investment cost for the grey- and blackwater treatms approximately € 6300,- with an
service life of 30 years is € 210,- per year imparison with the conventional treatment that
costs € 117 each year (useful service life 30s)eahs for the operational/maintenance costs
the DESAR sites are cheaper than the conventioaslewater treatment plant. More specific
economical data need to be gathered in order ® iggresentative conclusions about which
type of method is more economically feasible. Astf@ available data that is gathered from
this research it can be noticed that when more dtmids/offices using this kind of
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techniques it might become more economical feasiblamplement DESAR concepts.
Nowadays both project are showcase projects.

6.8 User perception

For this research only the residents of the prdjedieiten & Wohnen” are interviewed.

In general it can be concluded that the majorityredidents of the project “Arbeiten &
Wohnen” are satisfied with the current situatioth@ugh there are some who think that the
system is not running on it full potential as itsadesigned for. With this they mean that there
IS no intensive reuse of the treated greywaterflémhing of the toilets and the fact that the
biogas installation is not in operation. Despite thct that these parts are not in operation the
resident are pleased with the fact that they owhwse an ecological sanitation concept that
contributes to a better environment. Not only tbelegical aspects are important but also the
social contacts between the residents and the etoabadvantages (water saving) they
experience.

Overall conclusion:

The investigated DESAR concepts can be an altemapproach to the current conventional
domestic wastewater treatment system in Germang (aor The Netherlands). In other
words, it offers advantages compared to the cusgsiem. Advantages are based on, social,
economical and performance of the DESAR systemspaosa to the conventional way of
domestic wastewater treatment. By incorporating PESconcepts in a building like
“Arbeiten & Wohnen” the residents feel like theyearesponsible for treating their own
wastewater, ecological thinking is improved. A eosontact between the residents is
established. Not only on social level but alsotméconomical level advantages are achieved
for both projects in the form of water savings amaybe in the future the use of biogas within
the project “Arbeiten & Wohnen”.

Overall it can be stated that both projects arevshse projects of innovative technologies

that are contributing in the closed-loop concegdtsvastewater management. They are an
example for further implementations not only in @any but also worldwide.
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7 Recommendations

Project “Arbeiten & Wohnen”

Further research has to be done to make surenth#itetated greywater can be used
for flushing the vacuum toilets at the project “Aiten & Wohnen”. The treated
water can be used again for toilets flushing ie #ifluent values are below the
legal quality standards for one year operating timMiwadays the treated
greywater is reused for watering the garden.

The possibilities for operating the biogas instadla should be researched. In
order to reuse to the nutrients more.

It should be clear who is responsible for the iltesians and the laws that have to
be fulfilled before implementing these kind of tacjues.

New and present residents should be well informext the state and conditions of
the implemented installations.

Project KfW Bankengruppe “Ostarkade”

General

More research has to be done on implementing refisainwater within the
building.

The user acceptance of the employees and resislemitd be investigated. In oder
to give a clear view on the user acceptance.

The installed installations is operating satisfying further research is necessary.

More research has to be done on the economicalbi@gsof these kind of
projects. In order to give good predictions on tusts when larger sites are
constructed.

It is proven that the applied techniques are capablfulfilling the needs of the
users on small scale what happens if it is apuliethrge scale?
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Appendix 1 Advantages ecological sanitation syste ms

advantages of ecological sanitation systems

r A
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Appendix 2 Drivers and barriers questionnaire

Analysis of Drivers and Barriers in Non-Conventiona System Design Phase

| am Erwin Koetse of Wageningen University in thetiNerlands. | am currently conducting a survey.
The aim of this survey is to get an overview of pinactical experiences of ecological projects. Your
opinion about this is important to us for makings tsurvey successful.

The interview will take us only around 30 minutes.

All the information you give will be treated condidtially and will not be shown to anyone else.

Questionnaire NO:........cccovi it INStItUtION: ...

Date:.....coovveviiiiinnnn, Respondent Name:..........ccvveiiiiiiieii i e e Age

AAArESS: S BB ..t e NO:....oene .
DiStriCt. .. Ward:......cocee

Questions on design
Sanitation system description

0. Can you describe the technical and managerialfesitof the sanitation system (ownership,
process train, management, size, number of houdebohnected to the system, and so on)?

1. Did you patrticipate in the technology choice of amitation system?

O Yes
O No

2. When was the system constructed and over whaigseri
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3. Which actors were involved in the technology ch@iéed what was their role?

Actor Role

0| N o O A W N|

4. How were decisions made? (consensus or authority)

O consensus
O authority

5. Did you agree with the decision-making process?

O Yes

O N, DB CAUS . .. ettt e e e e e e e e e e e e e e e

6. Who was responsible for the final decision on tystean selection / technology choice?
(Which part?)

7. How often did you meet with other people involvadhie system selection?

...................... times/month

Urban Environmental Management
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Environmental drivers

8. What kind of environmental aspects of the wasteemaianagement system were important
for you and other actors when you weetectingthe system?

Environmental aspect Unimportant Very important
0 1 2 3 4

Positive feeling about environmental behaviour

Water saving

Prevention of drying out of soil

Reduction of water emissions

Recycling of water

Protection surface water

Protection of ground water

Recycling of nutrients

Reduction of energy use

Quality of neighbourhood landscaping

9. What environmental aspects of the sanitation systenerealisedin the sanitation system as
it was constructed?

Environmental aspect Unimportant Very important
0 1 2 3 4

Positive feeling about environmental behaviour

Water saving

Prevention of drying out of soil

Reduction of water emissions

Recycling of water

Protection surface water

Protection of ground water

Recycling of nutrients

Reduction of energy use

Quality of neighbourhood landscaping
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Environmental and public health barriers

10. What barriers stood in the way of incorporatingttonventional elements in the design?

Environmental aspect

Unimportant Neutrg
Important
0 1 2 4

Health risks

Chemical hazards

Physical injury from users access to equipment

Legal and regulatory barriers

11. What laws and regulations hampered implementatiavhat non-conventional elements in
the original design? (specify)

Law or regulation

Impact on non-conventional destement(s)
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Financial drivers & barriers

12. What financial considerations were a driver or aibaof decision to incorporate non-
conventional elements in the design?

Driver Neutral Barrier
0 1 2 3 4

Design costs (compared to conventignal

system)

Operating costs (compared to conventional

system)

|
Unimportant Neutral  Implortant
Other ... 0 1 2 3 4

BPELn - costs (compared to conventidnal

system)

Operating costs (compared to conventional

system)
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13. Was the budget for the system known from tlggriveng?

O Yes
O No

14. To what extent did the budget played a roliaésystem choice?

Unimportant Neutral Important
0 1 2 3 4

Social and managerial drivers and barriers

13. What social aspects of the sanitation system wepeitant for you and other actor to realise a
non-conventional design?

Aspects Unimportant Neutral Important
0 1 2 3 4

Involvement in  sanitation / Taking
responsibility for your waste water
management system. E.g. water saving,

reducing emissions

Improves quality of living

14. What social and managerial considerations hampeoedporation of non-conventional
elements in the design?

Aspects Unimportant Neutral Important
0 1 2 3 4

Difficult technology

Ownership unclear

Maintenance responsibilities unclear
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Current and future status waste water management sfem

15. Did you participate in the period of building umibw of the sanitation system?

O Yes
O No (skip next 2 questions)

16. Have there been any changes/modifications on thieasian system from the start of using
until now?

O No
O Yes, What and WHY 2. ettt et ee e e e eeeeeeeeeeeeaaeens

General

18. Which aspect(s) of the sanitation system do yawkthas a (good) future?

19. Who do you think is the most important actor in @leping/initiating implementation of non-
conventional systems? Why?

20. If you could do the project over again would youitdio the same way or would you deal with
it differently?
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The interview is over now. Thank you for answerihgse questions

Are there any questions you missed or any quegtarthought was irrelevant?
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Appendix 3 Maintenance and operation expert quest ionnaire

Interview operation and maintenance expert

| am Erwin Koetse of Wageningen University in thetiNerlands. | am currently conducting a survey.
The aim of this survey is to get an overview of pinactical experiences of ecological projects. Your
opinion about this is important to us for makingstburvey successful.

The interview will take us only around 50 minutes.

All the information you give will be treated conddtially and will not be shown to anyone else.

Questionnaire NO:........cccoiiiiiiiiiii e, INStItUtiON: . ...
Date:.......coovvviieninnnn, Respondent Name:.........coieiiiieie e Age
AAArESS: S L. .. it e NO:...oovn .

DIStHCt. .. Ward:.....ccoeec
Questions

Sanitation system description
0. Can you describe the technical and managerialfesiof the sanitation system (ownership,
process train, management, size, number of houdekohnected to the system, and so on)?

Sanitation system description

1. What is the up-front investment per household irRE)of the process train?

Total............ €/household

Grey water .............. €/household
Black water .............. €/household
Rain water................. €/household

2. What is the estimated useful (service) life of pnecess train in years?
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Grey water .............. €/household
Black water .............. €/household
Rain water................. €/household

Performance dimension: invisibility and user confor

4.

10.

Are householders satisfied with the sanitatiogtesn?

O Yes
(O I V[0 T o T<Tox= T U 1= T

Have householders made adaptations to the sanitgiem as originally installed?

O No
O Yes. What did they change and WhY?....... . coeeeeesieesieeseee e e

How many hours per household unit per year of dmers.or maintenance activity does the
process train require from its users?

Total...oooveieeeeen. hours/household/year
Grey water .............. hours/household/year
Black water ............... hours/household/year
Rain water.................. hours/household/year

What area of the above-ground indoor space on holgeremises does the process train
equipment require expressed ifl per households?

....................... m*/household

What area of the above-ground outdoor space orehols premises does the process train
equipment require expressed if per households?

....................... m/household

What area of the above-ground space in the resadleméa (neighbourhood) does the process
train equipment require expressed ifPm

(what is the depth?.......... )

...................... m?/neighbourhood

What area of the under-ground space in the resademea (neighbourhood) does the process
train equipment require expressed ifPm

Urban Environmental Management 86



WAGENINGEN UNIVERSITEIT

# WAGENINGEN[NEH

...................... m*/neigbourhood

11. How many official odour level complaints do useraka per year (registered at for instance
the municipality)?

..................... number/year

12. How many non-official odour level complaints do tssmake per year (complaint at your
address)?

..................... number/year
Dimension: system robustness

13. Is the sanitation system being monitored? How?

Total..........oovveeeenne. failures/year
Grey water ............... failures/year
Black water ............... failures/year
Rain water.................. failures/year

15. When the sanitation system fails, what is the ayedown time in hours?

Total......ooeeveennnn. hours/failure
Grey water ............... hours/failure
Black water ............... hours/failure
Rain water.................. hours/failure

16. What is the effect of the process to fluctuationkeéavy metals in influent quality?

No effect Effect A lot of effect
0 1 2 3 4

17. What is the effect of the process to fluctuatianpathogens in influent quality?

No effect Effect A lot of effect
0 | 1 | 2 | 3 | 4
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18. What is the effect of the process to fluctuatiansily or fatty substances in influent quality?

19.

20.

21.

22.

23.

24.

25.

Dimension: public health

26. What is the chance of inhabitants of the neighboodho come into direct contact with waste

WAGENINGEN[NEH

No effect

Effect

A lot of effect

0

2

4

What is the effect of the process to fluctuationmiedicines and hormones in influent

quality?

No effect

Effect

A lot of effect

0

2

4

What is the effect of the process to fluctuatianphosphorus or nitrogen in influent quality?

No effect

Effect

A lot of effect

0

2

4

What is the effect of the process to fluctuationsiiganic materials in influent quality?

No effect

Effect

A lot of effect

0

2

4

What is the effect of the process to fluctuatianparticle size in influent quality?

No effect

Effect

A lot of effect

0

2

4

What is the maximum particle diameter the processteat?

................. mm particle size

What is the effect of the process to fluctuationsutdoor temperature?

No effect

Effect

A lot of effect

0

2

4

What is the effect of the process to fluctuatiansain intensity?

No effect

Effect

A lot of effect

0

2

4

water in percentages?
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27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

What is the probability of a batch of final treatedste water failing to comply with official
waste water quality standards in percentages?

Does the final effluent water exceed official qtyafitandards?

O Yes (go to next question)
O No (skip next question)

In how far does the final effluent water exceedcidf quality standards in percentages?

Does the final sludge exceed official quality siami$?

O Yes (go to next question)
O No (skip next question)

In how far does the final sludge exceed officiahlify standards in percentages?

How likely is it that householders using the sysfathill due to system failure or other
causes?

Not likely at all Very likely

0 1 2 3 4

How likely is it that householders sustain physiofiry because they have access to
sanitation system equipment?

Not likely at all Very likely

0 1 2 3 4

Does the system or its components represent a chehaizard to householders?

O No
O Yes, what is @ chemical NAzZard?.......... oo eeee e e e e e e aereareens
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37. What is the average effluent quality of sludgedathogens?

Dimension: impact on eco-system

38. What is the volume of effluent water production peusehold per year, by effluent type?
Grey water..................... mYhousehold/year
Black water..................... mYhousehold/year

39. What is the amount of sludge production per houskeber year?
............... kg/household/year

40. How many kilograms of chemicals does the sanitadigiem use per household per year?
................ kg/household/year

41. What is the energy consumption per household parfge the sanitation system?
................ Kwh/household/year

42. What amount of energy is recovered from the treatrpeocess per household per year?
................ Kwh/household/year

43. What is the volume of drinking water usage per lebo$d per year?
................. m/household/year

44. What is the volume of water recycled from the saith system per household per year?
.................. nt/household/year

Dimension: surface and groundwater management

45, Does the sanitation system evacuate rain water?

O No
O Yes

46. Does the sanitation system contribute to groundwaagement?

O No
O Yes

47. What is the average rain water intensity per year?
............... mm rainfall/nf/year

48. What is the maximum intensity rainstorm the systexim handle?
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............... mm rainfall/nt

The interview is over now. Thank you for answerihgse questions

Are there any questions you missed or any quegtarthought was irrelevant?
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Appendix 4 System expert questionnaire

Interview sanitation expert

| am Erwin Koetse of Wageningen University in thetiNerlands. | am currently conducting a survey.
The aim of this survey is to get an overview of pinactical experiences of ecological projects. Your
opinion about this is important to us for makingstburvey successful.

The interview will take us around 60 minutes.

All the information you give will be treated conddtially and will not be shown to anyone else.

Questionnaire NO:.......cocoevii it INSHtULION: ...
Date:.......cooovviiiinnnn, Respondent Name:.........coveiiiiiie e Age
AAArESS: S L. .. it e NO:...oovn .

DIStHCt. .. Ward:.....ccoeec
Questions

Sanitation system description
0. Can you describe the technical and managerialfesiof the sanitation system (ownership,
process train, management, size, number of houdekohnected to the system, and so on)?

Sanitation system description

1. What is the up-front investment per household irRE)of the process train?

Total............ €/household

Grey water .............. €/household
Black water .............. €/household
Rain water................. €/household

2. What is the estimated useful (service) life of pinecess train in years?
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Black water .............. €/household
Rain water................. €/household

Performance dimension: invisibility and user confor

4.

10.

Are householders satisfied with the sanitatiocsteasy?

O Yes
(@ N\ Lo TR o 1= o= 11 £ =

How many hours per household unit per year of dfmers.or maintenance activity does the
process train require from its users?

Total.......cooeveennnnn. hours/household/year
Grey water ............... hours/household/year
Black water ............... hours/household/year
Rain water.................. hours/household/year

What area of the above-ground indoor space on holg@remises does the process train
equipment require expressed if per households?

....................... m’/household

What area of the above-ground outdoor space orehols premises does the process train
equipment require expressed ifl per households?

....................... m’/household

What area of the above-ground space in the resadlenéa (neighbourhood) does the process
train equipment require expressed ifPm

(What is the depth?......ccovvvevvevvveeneen. )

...................... m?/neighbourhood

What area of the under-ground space in the resademea (neighbourhood) does the process
train equipment require expressed ifPm

...................... m*/neighbourhood

What is the maximum noise level produced on thesbbald premises by the process in dB
when in operation?
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11. How many official odour level complaints do useraka per year (registered at for instance
the municipality)?

..................... number/year

12. How many non-official odour level complaints do ssmake per year (complaint at your
address)?

..................... number/year
Dimension: system robustness

13. Is the sanitation system being monitored? How?

Total.........coovveeeenne. failures/year
Grey water ............... failures/year
Black water ............... failures/year
Rain water.................. failures/year

15. When the sanitation system fails, what is the ayedown time in hours?

Total..........ccvvvneenne. hours/failure
Grey water ............... hours/failure
Black water ............... hours/failure
Rain water.................. hours/failure

16. What is the effect of the process to fluctuationkeéavy metals in influent quality?

0 1 2 3 4

17. What is the effect of the process to fluctuationpathogens in influent quality?

No effect Effect Iét of effect
0 1 2 3 4

18. What is the effect of the process to fluctuationsily or fatty substances in influent quality?
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No effect Effect I8t of effect
0 2 4
19. What is the effect of the process to fluctuationmiedicines and hormones in influent
quality?
No effect Effect |ét of effect
0 2 4
20. What is the effect of the process to fluctuationphosphorus or nitrogen in influent quality?
No effect Effect I8t of effect
0 2 4
21. What is the effect of the process to fluctuatiansriganic materials in influent quality?
No effect Effect A lot of effect
0 2 4
22. What is the effect of the process to fluctuationparticle size in influent quality?
No effect Effect A lot of effect
0 2 4
23. What is the maximum particle diameter the processteat?
................. mm particle size
24. What is the effect of the process to fluctuationsutdoor temperature?
No effect Effect Iét of effect
0 2 4
25. What is the effect of the process to fluctuationsain intensity?
No effect Effect I8t of effect
0 2 4

WAGENINGEN UNIVERSITEIT

Dimension: public health

26. What is the chance of inhabitants of the neighboodho come into direct contact with waste
water in percentages?
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27

28.

29.

30.

31.

32.

33.

34.

35.

36.

37

Urban Environmental Management

. What is the probability of a batch of final treatgdste water failing to comply with official
waste water quality standards in percentages?

Does the final effluent water exceed official gtyaitandards?

O Yes (go to next question)

O No (skip next question)

In how far does the final effluent water exceedoidf quality standards in percentages?
Does the final sludge exceed official quality stamis?

O Yes (go to next question)

O No (skip next question)

In how far does the final sludge exceed officiahliy standards in percentages?

How likely is it that householders using the sysftaihill due to system failure or other
causes?
Not likely at all Very likely
0 1 2 3 4
How likely is it that householders sustain physiofiry because they have access to
sanitation system equipment?
Not likely at all Very likely
0 1 2 3 4

Does the system or its components represent a chehaizard to householders?

O No
O Yes, what is @ ChemiCal NAZAIA?. ......... e eeeeerieeeeee e s e eeeeeeer e eeeaeeeenans

. What is the average effluent quality of sludgedathogens?
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Dimension: impact on eco-system

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

What is the treatment efficiency for organic matkfBOD) removal in percentages?

What is the average effluent quality of water f@[B?
................ mg BOD/I

What is the average quality of sludge for BOD?

What is the volume of effluent water production peusehold per year, by effluent type?
Total.......ccoeeeeeeennnnn, nm/household/year
Grey water............... mYhousehold/year
Black water............... nVhousehold/year

What is the amount of nutrients in effluent water pousehold per year, by effluent type?

What is the amount of sludge production per houseber year?
............... kg/household/year

What is the amount of nutrients recovered fromviiaste water stream and recycled per
household per year?

................ kg/household/year

How many kilograms of chemicals does the sanitadistiem use per household per year?
................ kg/household/year

What is the energy consumption per household per fpe the sanitation system?

................ Kwh/household/year
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49. What amount of energy is recovered from the treatrpeocess per household per year?

................ Kwh/household/year

50. What is the volume of drinking water usage per lebotd per year?
................. m‘/household/year

51. What is the volume of water recycled from the s#iuh system per household per year?
.................. nm/household/year

Dimension: surface and groundwater management

52. Does the sanitation system evacuate rain water?

O No
O Yes

53. Does the sanitation system contribute to groundwatmagement?

O No
O Yes

54. What is the average rain water intensity per year?
............... mm rainfall/nflyear
55. What is the maximum intensity rainstorm the systam handle?

............... mm rainfall/nf

The interview is over now. Thank you for answerihgse questions

Are there any questions you missed or any quegtarthought was irrelevant?
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Appendix 5 System owner questionnaire

Interview system owner

| am Erwin Koetse of Wageningen University in theti\erlands. | am currently conducting a survey.
The aim of this survey is to get an overview of pinactical experiences of ecological projects. Your
opinion about this is important to us for makingstburvey successful.

The interview will take us only around 30 minutes.

All the information you give will be treated condidtially and will not be shown to anyone else.

Questionnaire NO:.......coove it INSHEULION: ... e
Date:.......cooevveiieninnnn, Respondent Name:.........coieiiiieie e Age
AAArES S S BB .. it e e e [0 HO—

DIStriCt... oo, Ward:.....oov i,
Questions

Sanitation system description
1. Can you describe the technical and managerialfesif the sanitation system
(ownership, process train, management, size, nunfdeuseholds connected to the system, and
so on)?

Sanitation system description

2. What is the up-front investment per household irREJof the process train?

Total............ €/household

Grey water .............. €/household
Black water .............. €/household
Rain water................. €/household

3. What is the estimated useful (service) life of pnecess train in years?
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Grey water .............. €/household
Black water .............. €/household
Rain water................. €/household

Performance dimension: invisibility and user confor
5. Are householders satisfied with the sanitatiostey?

O Yes
(@ N\ Lo TR o 1= o= 11 £ =

6. How many hours per household unit per year of dfmera or maintenance activity does
the process train require from its users?

Total.......oooevennnnn. hours/household/year
Grey water ............... hours/household/year
Black water ............... hours/household/year
Rain water.................. hours/household/year

7. What area of the above-ground indoor space on hoig@remises does the process train
equipment require expressed if per households?

....................... m’/household

8. What area of the above-ground outdoor space orehois premises does the process
train equipment require expressed ihpar households?

....................... m’/household

9. What area of the above-ground space in the resad@néa (neighbourhood) does the
process train equipment require expressed’h m

(What is the depth?............. )

...................... m?/neighbourhood

10. What area of the under-ground space in the resademea (neighbourhood) does the
process train equipment require expressed’h m

...................... m*/neigbourhood
Dimension: system robustness

11. Is the sanitation system being monitored? How?
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Total..oeveeeeaaiann, failures/year
Grey water ............... failures/year
Black water ............... failures/year
Rain water.................. failures/year

13. When the sanitation system fails, what is the ayedown time in hours?

Total..ooeveeeeeaieann, hours/failure
Grey water ............... hours/failure
Black water ............... hours/failure
Rain water.................. hours/failure

Dimension: impact on eco-system
14. What is the energy consumption per household par fpe the sanitation system?
...................... kwh/household/year
15. What amount of energy is recovered from the treatmpeocess per household per year?
...................... kwh/household/year
16. What is the volume of water recycled from the sgtioh system per household per year?

...................... m*/household/year

The interview is over now. Thank you for answerihgse questions

Are there any questions you missed or any quegtarthought was irrelevant?
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Appendix 6 Household questionnaire
HOUSEHOLD SURVEY including vacuum toilets

Your opinion about how you experience the systeimmrtant to us for making this survey
successful.

The interview will take around 20 minutes.

All the information you give will be treated condidtially and will not be shown to anyone else.

Questionnaire NO:..........ccoeviviiiiiiiiienens INStitUtioN: ...
Date:......cooevvviiiinns Respondent name: ..o Age:......
Genderi.........coeieinie Role in HouSehold. ... e e
Adress: Streel.... ..o NO...oooiie .
District:....cove Ward:.......oovii

Household information items:

1. How many people does your household have?
.............. number

2. What is the composition of the household?
O Single
O One parent family
O Two parent family
O Married (no kids)
O Living together (no kids)

3. How many members of the household spend the dajdeutome (school, work)?

........... persons

4. How many persons are spending the night at horteastt 5 days per week?
............ persons

5. For how long do you already live in the neighbouwrii®

............. years (O from the beginning)

6. Do you own or rent the house?

O Own -0
O Rent -1

7. Did you come to live here especially for the ecatabaspects of the neighbourhood?
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O Yes -0
O No -1
O Wasn't aware of it -2

Sanitation system description:

8. Was there an up-front capital investment in EUROyaur household for the sanitation
system?
If yes, please fill in the amount of EURO. If nstjskip this question

9. Did you pay money to realize/build the wastewateanagement system and what was
included in this price?

If yes, please fill in the amount of EURO belowdfjust skip this question

Total: ............... EURO

Elements included: Qdfsyou know it)
........................................................... EURO
........................................................... EURO
........................................................... EURO
........................................................... EURO

11. Did you receive any funding assistance for theagiohl aspect?

O YES, NOW MUCKN? ..o et e e s e
O No

Performance dimension, invisibility and user comfot:

Black water system

12. Is your household satisfied with théack water system? (explain)

0 Very satisfied -0
0 Satisfied -1
o0 Neutral -2
o0 Dissatisfied -3
0 Very dissatisfied - 4

[0 1S 07z 1=
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13.

14.

15.

16.

17.

Is the vacuum toilet easily kept clean?

Next question only to be answered by house owners

Did you ever considered to replace the vacuumttaiith another toilet?

Can you recommend theacuum toilet system to other households in other neighbourtidods
O Yes | will actively recommend it -0

O Yes | will -1

O Do not know -2

O Not without improvement -3

O Not at all -4

107011 011 01T 0| £ 7 PP
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18. If you would move to another place/house wogdd like to have the vacuum toilet system or
would you prefer the conventional way or anothestam?

O Same sanitation system
O Conventional way

O Another system, Namely.... ..o

19. What mark would you give theacuum toilet system as it is now?

o

ool ol oNoNoNONORONG
PNWRAOON®OR

Grey water system

20. Is your household satisfied with tgeey water system? (explain)

0 Very satisfied -0

o0 Satisfied -1
o Neutral -2
o Dissatisfied -3
0 Very dissatisfied - 4
[0 1S 07z 1=

21. Does thgyrey water process produce unpleasant odours in your opinion?

o0 Not at all -0
o Alittle bit -1
0 Sometimes -2
o0 Very often -3
o Always -4
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22.

If unpleasant odours occur, in which months?

Jan — Feb — March — April — May — June — July — Augept — Oct — Nov — Dec

23.

24.

25.

26.

Does thgyrey water system produce annoying noise level in your opifio

O Not at all -0
O Alittle bit -1
O Sometimes -2
O Very often -3
O Always -4

Can you recommend thlggey water system to other households in other neighbourtibods

O Yes | will actively recommend it -0

O Yes | will -1

O Do not know -2

O Not without improvement -3

O Not at all -4

1070 1011 01=] 0| =TT

If you would move to another place/house woydd like to have thgrey water system or
would you prefer the conventional way or anothestesy?

O Same sanitation system
O Conventional way

O Another system, NAMEIY ..o e e e e e e

What mark would you give thgrey water system as it is now?

o

ool oNoNoNONONORONG)
PNWAOON®OER
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Complete system

27. Have you / your household made adaptations todhdagion system as originally installed?
(If yes, what and why)

@] no

0] yes

LAY T | PP

L AT

28. Is there a visible part of the sanitation systeiar y@ur house?

O yes (go to next question)
O no (skip next 2 questions)

29. What do you think of the visible part of the satiita system in or near your house?

0 Beautiful -0
o Nice -1
0 Not disturbing -2
0 Annoying -3
0 Really awful -4
L0 01 0= 0] £

30. Is the visible part of the sanitation system imear your house vulnerable to damage/failure?

o Notat all -0
o Alittle bit -1
0 Sometimes -2
o Very often -3
o Always -4
What 1S VUINEIADIE? ... e e e e e e e e e e e
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31. How many hours per year per household does theewattr management system prefers

general maintenance? By who is it done?

Total system:............. hours/household/year. By..........c.coviiiiieciae i,
Activities: Time

Rainwater L hours/year

Grey water L hours/year

Black water . hours/year

System inspecton L hours/year

other hours/year

32. Are you involved in any monitoring activities redarg the system (such as visual inspections

of effluent of treatment system, pump checks étc.)

O No (skip next question)

O yes (go to next question)

33. If yes, what are they and how many hours a montyodoexpect them to taken up?
What

......................................................... time............ccoveevev e e e ...HOurs/month
........................................................... time..............ocovevi v enenn....Hours/month
........................................................... time.............oeeeev i vne v ...Hours/month

34. What area of the above-ground and / or undergrinohabr spacedoes the sanitation system
require expressed in m3 for your household (inclgdhe toilet itself) ?

Above-ground................oo.ee. m3/household

Under-ground.............ccoenee. m3/household

(indicate which parts require the space. E.g. toitequires a space / room of ... m3.
etc. )

35. What area of the above-ground and / or undergroutdoor space does the sanitation system
require expressed in m2 and m3 for your household?

Above-ground .............coeeinnnes m2/household
Above-ground ..............oeeel el m3/household

Under-ground ................c.oee .. m2/household
Under-ground ..............ccoeeeuee m3/household
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36. What area of the under-ground space in the resademea (neighbourhood) does the process
train equipment require expressed in m3?

m3/neighbourhood

Dimension system robustness:

37. Is the sanitation system being monitored? How?

38. How many times per year does a system failurekialge occur with your vacuum toilet?

39. How many times per year does the complete vacustesyfails?

failures/year

failures/year

40. How many times per year does the grey water sy&ds?

failures/year

Only to be asked if one or two or all last 3 quesis was/were higher than 0 failures per year

41. Which parts of the wastewater management systeledfaias out of order? What was the

problem? When and how often does it happen? Howalidsolve it and who did it?

Part of the When?| often? _
Problem Solution Solved
system (Date) | (t/m ly)
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42. When the sanitation system fails, what is the ageedown time in hours?

............ hours/failure

Dimension public health:

43. What is the chance that you could come into diceatact with untreated or partially treated
water (in percentages)?

44. Have you suffered some kind of illness due to thstewater management system?

O No
O Yes, explain.

45. Has anyone in your household ever been physicajiyréed in using or maintaining the
sanitation system? (If yes, how often, nature ande or injury)

O No
O Yes,

[ [0 171V ) (=] o

Nature

Questions on user perspective
Background questions
46. Did you do a higher education after high schoolitiicschool?
O No
O Yes, Yrkesfag (or similar education) — work sdt$ — for work (mechanic,

electrician, healthcare etc)
O Yes, Almennfag (or similar education) — commabhjscts- for bachelor/master
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Involved questions

47. Do you feel environmentally concerned?

O Always -0
O Very often -1
O Sometimes -2

O Alittle bit -3
O Not at all -4

48. Did the sanitation system make ymwre environmentally concerned?

O Yes
O No

49. Which aspect(s) of the sanitation system do yawkthas/have a good future?

50. What kind of benefits of the waste water manageragstem do you experience?

51. What kind of drawbacks of the waste water managésystem do you experience?
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Appendix 7 Results household questionnaires “Arbei ten & Wohnen ”

Household information items

- How many people does your household hgyadwer: number of people)

Interview number Amount of people
1 4
2 3
3 4
4 3
5 2
6 3
7 3
8 2
9 3
10 1
11 2

The composition of the household differ from 1 pergill 4 persons per household. The
average composition is 2.7 persons per household.

- How many members of the household spend the déside home (school, work)?
(Answer: number of people)

Interview number Amount of people spending the day outside
home
1 4
2 3
3 2
4 3
5 1
6 2
7 3
8 2
9 3
10 1
11 2

The average amount of residents who are spendagldly outside home is 2.36 persons.
This is lower than the average amount of peoplehpesehold, indicating that 87.4 % of the
residents are spending the day outside home.

- How many persons are spending the night at hdrreast 5 days per week&nswer:
number persons)
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All residents are spending the night at home foteast 5 days per week (see answer at
question 1 for total numbers of residents)

- For how long do you already live in the neighlbeod. (Answer: number of years)

The years that the residents already live in thght®urhood/complex differ from 1 till 6
years. The project started in 1999. 7 householddiang in the complex for 6 years (from
the beginning), 2 households are living for 4 yaarthe complex. 1 resident is living for 1
year in the complex.

- Do you own our rent the hous@hswer: own/rent)
3 out of the 11 residents are renting the apartntleatother are owners.

- Did you come here to live here especially for tbeological aspects of the
neighbourhood?

73 % of the households (8) are living in the compdecause of the ecological aspects. 18 %
of the household are not living in the complex floe ecological aspects and one was not
aware of the ecological aspects before they maved i

- What is the estimated annual operating cost iro per household for the sanitation
system?

The annual estimated operating cost in Euro pesdionid is 50,-. 4 interviewed residents
did not know the exact costs. According to the otksidents it is supposed that the operating
cost are all the same for each household.

- Did you receive any funding assistance for thelagical aspectPAnswer: yes, how
much, no)

All the residents did not get funding assistanagtie ecological aspects. This does not mean
that the there was no funding assistance. The Dleat8undesstiftung Umwelt (DBU)
supported the project financially. The funding vaanaged by the organisations who where
responsible for the project.

Black water system
- Is your household satisfied with the blackwatatem?Answer: 5 point rating scale)

The answers are based on a rating scale from4 till
Very satisfied

Satisfied

Neutral

Dissatisfied

Very dissatisfied

~AWwWMNEFO

From the interviewed residents are 2 very satisiigd the blackwater system, as reason of
these residents was the water saving by using tkieseof toilets. According to them the
system is operating well. The overhand of residéjtare satisfied with the system,
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because of the fact that the system is contributondesser water cost (water saving),
ecological principle, good functioning of the systebetter for the environment. Despite the
fact that the toilets are sometimes noisy 2 of éh8s resident have rated the system as
satisfied. 1 resident was neutral about the sysierause there where some problems with the
service and maintenance. It sometimes takes atiomg for the system is operating again
after a system failure.

As average the total satisfaction is 0.909, thiiciates that the overall rate is satisfied with
the blackwater system.

- Is the vacuum toilet easy kept clegAnswer: yes, no; because)

81.8 % of the residents have no problems with ahepthe toilet. It is cleaned the same way
as a conventional toilet. The other 17.2 % have $eparated problems: cleaning the flush
hole inside the toilet is not easy, because thls Is tighter than a conventional toilet. The
cleaning brush can not go deep inside. The othaslg@m is that the edge inside the toilet is
corroded, causing unpleasant odours. The mentigmelllems where according to two

separated households.

- Does the vacuum toilet produce any annoying niois@ur opinion{Answer: 5 point
rating scale)

The answers are based on a rating scale from4 till
Not at all

A little bit

Sometimes

Very often

Always

A WDNPEFO

The vacuum toilets are producing a sound when #re flushed, what is not considered as
disturbing according to four households. In theitweigg the sound produced by the vacuum
toilet was considered as unusual. After a certanmop of time they get used to the sound and
was no longer considered as disturbing. Accordingix households the sound is considered
as sometimes disturbing. These residents hearotletst of the neighbours when they are

flushed, especially during the night. For this mrashe toilets are as little as possible used
during the night in order to prevent sound distadea For one resident the noise is

considered as disturbing because of the fact tisabédroom is located next to the room

where the toilet is situated standing.

- Do you ever considered to replace the vacuum twoilist another toilet?Answer: yes,
no; because)

One of the interviewed resident has consideredepdace the vacuum toilet because they
experienced some problems. So when a problem toerthought run through their mind to
replace the toilet. The other residents did notsmeT to replace the vacuum toilet, despite
some problems/failures of the system.

- Can you recommend the vacuum toilet system toerothouseholds in other
neighbourhoods(Answer: 5 point rating scale)

The answers are based on a rating scale from4 till
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0 Yes | will actively recommend it
1 Yes | will
2 Do not know
3 Not without improvement
4 Not at all

One of the residents answered: Yes, | will activelgommend it the vacuum toilet system to
other households in other neighbourhoods becauskreé reasons: they had no problems
with the system and for the ecological- and ecowcoasipects. 72.7 % of the residents will
recommend the system, but not actively. These eatssdhad general related reasons:
reduction of water use so better for the envirornnjecological aspects) and by the reduction
of water use the water bills are lowered (econoh@aspect). One off the residents is willing

to recommend the system if the system is improved.

- If you would move to another place/house would like to have the vacuum toilet
system or would you prefer the conventional wayother system@nswer: three
point rating scale)

The answers are based on a rating scale from till
0 Same sanitation system
1 Conventional way
2 Other system

Accept from one, almost all of the respondentsq96) would have the same vacuum toilet
when they would move to another place or house.réepondent that would not have the
same vacuum toilet had problems with this vacuufatia@oncerning the reservoir behind the
toilet. In this reservoir the wastewater is coketdf 5-6 flushes. In case their will be a better
solution for this reservoir the respondent wasimgllto have a vacuum toilet within the new
accommodation.

- What mark would you give the vacuum toilet systesmtas now AAnswer: ten point
rating scale)

10 Highest

1 Lowest mark

The grades that are given by the respondents dweebe a six and a nine. De grades are
based on certain reasons. 18.2 % of the respondamtsa six for the vacuum toilet. They
had in the past some problems with the system.dDtieese respondents is willing to give the
vacuum toilet a higher grade when the problemslafiaitely solved. (reservoir problems and
loss of vacuum pressure). Of the 11 respondents %bgave the vacuum toilet an eight,
because of the new technology and that the systemvorking well. The noise that is
produced when the vacuum toilet is flushed is atpwhere the people have to get used too.
Three respondents (27.3 %) graded the vacuum teilbta nine. They think it is a good idea
for two main aspects. First of all the ecologicgpects and second the economical aspects.
They are well aware of the fact that they form a@aneple of ecological techniques in
Germany and are proud of what they have.
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According to grades that are given by the respoisdan average grade of 7.8 can be
calculated.

Grey water system
- Is your household satisfied with the grey watstesm?(Answer: 5 point rating scale)

The answers are based on a rating scale from4 till
Very satisfied

Satisfied

Neutral

Dissatisfied

Very dissatisfied

A WDNPEFO

Of the eleven respondents 45.5 % (five respondevesg very satisfied with the grey water
system. According to them the system works well iagdntributes to the water savings. The
treated water is used for the irrigation of thedgar and is not transported towards the large
wastewater treatment plant. Despite some probiantse beginning with the system, two
respondents (18.2 %) are feeling satisfied with slgstem. Three respondents (27.3 %)
answered this question with a number two on thiagadécale. This number corresponds to
neutral. One of them found it an expensive systétim lvgh operating and maintenance costs.
The idea was good, according to this respondeoguse it contributed to the total ecological
idea of the project. One respondent answered difisd{ because the treated water is only
used for irrigation purposes. The plan was to heetteated water for flushing the vacuum
toilets, but this is not operating yet. The resmgandwould like to see that the system is
working where it was designed for. Treating greyawand reuse it for flushing the toilet and
when there is abundant treated water availablanthe used for irrigation purposes. But this
way they do not have to use fresh water for flughime toilet. The average score of this
guestion was 1, indicating that the users arefatis/ith the system.

- Does the grey water process produce unpleasdatr® in your opinionfAnswer: 5
point rating scale)

The answers are based on a rating scale from4 till
Not at all

A little bit

Sometimes

Very often

Always

A WNPEFO

The grey water treatment system is situated outsidecomplex and the pipes that transport
the greywater towards the treatment system areingrthrough the cellar of the complex.
Ten of the eleven respondents answered that tlyevgater treatment process does not at all
produce any unpleasant odours. Only one respormanisometimes smell a certain odour
,because this respondent lives near the cellarexthe waste water is transported towards the
treatment system in the garden.

- If unpleasant odours occur, in which month(@fswer: January - December)
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According to the previous question asked, the nmedpot who sometimes smells an
unpleasant odour the answer was during the ergae yo distinguished month.

- Does the grey water system produce any annoyamgern your opinionPAnswer: 5
point rating scale)

The answers are based on a rating scale from4 till
Not at all

A little bit

Sometimes

Very often

Always

A WNPEFO

The grey water system does not produce any annomgoige, according to all of the
respondents.

- Can you recommend the grey water system to otheuseholds in other
neighbourhoods(Answer: 5 point rating scale)

Yes | will actively recommend it
Yes | will

Do not know

Not without improvement

Not at all

A WNPEFO

81.8 % of the respondents is willing to recommdraldrey water system to other households
in other neighbourhoods. 81.8 % is 9 out of theréd4pondents. The reasons can be
summarized as follows: the system is working wall far as they know. It has a high
ecological factor in comparison to the completaeys The residents can treat a part of their
waste water with the grey water treatment systerthé@ir own back garden. Five of these
nine respondents would like to see that the treatatr is reused more than nowadays is
applied. The project started with the plan to uUse treated water for flushing the vacuum
toilets and that the abundant treated water shbeldused for irrigation of the garden.
Nowadays the treated water is only used for irfagabf the plants that are standing in boxes
near the complex. The other four of this group hadomments.

Two respondents did not know if they would recomchére system, the two respondents did
not know if the system is operating as at shoulcba why it is not working on full scale
(more reuse).

- If you would move to another place/house would Yiga to have the grey water
system or would you prefer the conventional wayother system@nswer: three
point rating scale)

0 Same sanitation system
1 Conventional way
2 Other system

Same sanitation system is preferred by 81.8 % efrédspondents, that is 9 out of the 11

respondents. They had no comment to this. The réngpil8.2 % would like to have the
same grey water treatment system but they wokidtb see more reuse of the treated water.
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Possibilities for reusing the treated water arsing the garden, flush the vacuum toilets and
cleaning purposes ( these possibilities are idéasroe of the respondents.

- What mark would you give the grey water systemtas now ?(Answer: ten point
rating scale)

10 Highest

1 Lowest mark

When starting with the lowest grades, given byrspondents, the first one on the list was a
six. This grade is given by three of the 11 respoisl Which is equivalent to ....%. The
main reason for giving this grade was the typeeafse what is done nowadays with the
treated grey water. There are more possibilitieom@ting to the respondents that the water
can be reused, for instance for flushing the til&iccording to one of the respondents who
gave a Six it was better to let the other ressl&nbw what the condition and performance is
of the greywater system. According to these infdiomathey can discus what can be done for
the future. Then this respondent was willing torag his six towards a higher grade.

Two respondents ( 18.2 %) gave the greywater syatsaven. No comments where given for
this grade. The majority of the respondents 45 % diaen the system an eight. This grade
was based on general en individual reasons. Thergereason was that the system was
operating without any major problems. For one a tespondent it was not clear if the
system was working as should be working and thahelefficiencies where accomplished.
But as good example of the ecological aspectsebthlding the respondent gave an eight as
grade.

The other respondent had no comments for his givade.

As last and highest grade given is by one of tlewexl respondents. This respondent has
given the grey water system a nine. Because acgptdi him the system is working and is
operating for some time without any big problems.

According to grades that are given by the respotsdan average grade of 7.4 can be
calculated.

Complete system

- Have you / your household made adaptations tos#imgtation system as originally
installed AAnswer: yes, no; (if yes what and why))

Three of the eleven respondents (27 %) have maalgtattbns to the sanitation system. They
removed the reservoir which is situated behindvilieuum toilet where a number of flushes
are stored. The reason why these where removeecaube they were broken. By removing
these reservoir the wastewater from the toiletingctly transported towards the tank in the
cellar of the building which leads to more sounddurction. Another adaptation was made by
one of the respondents: the amount of water ,tlagtweeded for flushing the toilet, has been
changed, because too much water was used foirftuste toilet.

The other eight respondents (63 %) did not madptatans to the sanitation system.

- Is there a visible part of the sanitation systerarngur house PAnswer: yes, no;
(what))
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45 9% of the respondents can see a part of theasianitsystem near the house and the rest 55
% can not see a part of the sanitation systemthearouse. The main part that can be seen is
the rainwater irrigation system (ditches).

- What do you think of the visible part of the gation in or near your housé&nswer:
5 point rating scale)

The answers are based on a rating scale from4 till

0  Beautiful

1 Nice

2  Not disturbing
3 Annoying

4  Really awful

Two respondents who can see a part of the rainvraigation system (ditches) found it nice
to see. The ditches are part of the garden argbasl for the surroundings. Three other
respondents found it not disturbing to see. Itad pf the building and one of them can only
see it when he is leaving the building from thenfrside.

- Is the visible part of the sanitation system imear your house vulnerable to damage
or failure?(Answer: 5 point rating scale ( what is vulnerghle

The answers are based on a rating scale from4 till

0 Not at all

1  Alittle bit

2 Sometimes
3  Very often
4  Always

According to one of the respondents, only a litike because children are playing sometimes
in the ditches where the rain water is irrigated.

- Are you involved in any monitoring activities redang the system (such as visual
inspections of effluent of treatment system, puimgcks etc.) PAnswer: yes, no)

None of the respondents are involved in any maimigoactivities regarding the system.
Dimension system robustness

- Is the sanitation system being monitored? H@avwer: open question)

From the eleven respondents only one knew thagtégwater system is monitored by Mall
Umweltsysteme. For the quality of the treated wak@e other respondents had no idea if the

sanitation system is being monitored.

- How many times per year does a system failure/lalgekoccur with your vacuum
toilet? (Answer: failures/year)
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Amount of failure Amount of respondents Percentage of total
respondents (%)

18

54

18

WIN|F|O
RINOIN

9

The highest percentage of the number of failureskages occur with the vacuum toilet is 1
time per year. Eighteen percent had never expmzteriailures or blockages (they never
noticed, during daytime they are not present inabplex). One respondent had 3 times a
year a problem with blockages of the vacuum toild¢tis was due to the presence of little
children who tried to flush things that where naada for flushing through the toilet (toys,
fabric, etc.)

- How many times per year does the complete vacustesyfails

Amount of failure Amount of respondents Percentage of total
respondents(%)

9

82

0

w|N|R|O
R|o|o|r

9

Complete vacuum system failure in the frequencgrd time per year happens for 82 % of
the eleven respondents. The rest of the 18 peixéntided by zero failures and three failures
per year, both have 9 percent of the total amotirespondents.

- How many times per year does the greywater systde?f

The greywater system, as it is now installed, has failed to work during its time of
operation. This according to all the respondents.

- Which part of the wastewater management systeradfavias out of order? What was
the problem? When and how often does it happenv? did you solved it an who did
it.

Part Problem When Frequency | How solved | Solved by
Pipeline Blockage in Not know 5 Remove Hombach /
vacuum toilet  pipeline blockage Roediger
Vacuum Loss of Not known 3 Not known Hombach
toilet/vacuum vacuum Roediger
station pressure self
Reservoir Was not Not known 2 Removed the Hombach
behind the working reservoir and self
vacuum toilet
Steering | Water supply| Not known 3 Adjustment| Roediger/
toilet malfunctioned made on Hombach
steering and self

Urban Environmental Management 120



WAGENINGEN UNIVERSITEIT

# WAGENINGEN[NEH

- When the sanitation system fails, what is the ayeerdowntime in hoursPAnswer:
hours/failure)

The average downtime is depending on the time vehiilure/problem to the system occurs.
During weekends it takes longer time before itapaired. The longest downtime was 72
hours. This happened in the beginning of the ptojdowadays the system can be repaired
within three hours, depending on the kind of falumWhen the system can not be repaired by
Hombach or the residents the firm Roediger willtsgarrepairman. The time of arrival is
depending on the location where this person is.

Dimension public health:

- What is the change that you could come into diceatact with untreated or partially
treated water in percentagegAPhswer: percentages)

There is 0 % change that the residents could catoealirect contact with untreated or
partially untreated water. All the parts of theitztion system and the belonging tanks are
covered and are not accessible.

- Have you suffered some kind of illness due to tleestewater management system?
(Answer: yes; explain, no)

Since the start of the project there where nonad lof illnesses due to the wastewater
management system by the residents of the building.

Has anyone in your household ever been physiagllyed in using or maintaining the
sanitation system(Answer: yes; (how often, nature and cause or y)jjuno)

As for physical injuries due to using or maintagithe sanitation system are not known by
the all the respondents.

Questions on user perspective
Background questions

- Did you do a higher education after high schoabuti school FAnswer: three point
rating scale)

The answers are categorized by three typical faieslucation levels in Germany.
0 Fachhochschule
1 Gymnasium

2 University

36 percent of the respondents has done an educatitmee Gymnasium and the other 64
percent followed an education on University level.

Involved questions

- Do you feel environmental concerngdhswer: 5 point rating scale)
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The answers are based on a rating scale from4 till
0 Always
1 Very often
2  Sometimes
3 Alittle bit
4  Not at all

From the eleven respondent felt 54.5 percent alvesyysronmentally concerned. Followed
with 27 percent which feel very often environmelytaioncerned. The last group of the
respondents equals 18 percent sometimes feel anvénatally concerned. According to the
answers given the average score is 1.5, that itedi¢hat the respondents are environmentally
concerned between different rating scales, nanesly often and sometimes.

- Did the sanitation system make you more environaignconcerned?Answer: yes,
no)

The contribution of the sanitation system towardsy@e environmentally concern by the
respondents was for almost 82 percent positive.stngation system made them more aware
of the benefits and the possibilities to treat asase their own wastewater. The 18 percent
who did not get a more environmentally concern alasady well aware of the possibilities
and benefits of the system.

- Which aspect(s) of the sanitation system do yowkttias/have a good future?
(Answer: open question)

The total system (black, grey and rain water treatinhas a good future according to 73
percent of the respondents, they had further nonwamts according why they think that the
system has a good future.

According to another respondent the separationaakiand grey water has a good future. By
this separation the flow of wastewater is set toirimum and when the separated wastewater
is treated water and reused it would not only cbates environmental profits but also
economical benefits. Another respondent was notewathe treatment cost when the waste
water is treated on a conventional way, despite tact he/she thought that the vacuum
technology is heading for a good future. The gdatdre is depending on the scale of
appliance.

- What kind of benefits of the wastewater managensgystem do you experience?
(Answer: open question)

All the respondents experienced financial bendffidm the wastewater management system.
Lesser water is used that automatically lowerswiager bills. 4 out of the 11 respondent
experienced from the ecological and social aspects.

- What kind of drawbacks of the wastewater managersgstem do you experience?
(Answer: open question)

Three respondents experienced drawbacks from teewater treatment:
- higher maintenance costs than conventional system

- the construction time lasted longer

- biogas installation is not in operation yet
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Appendix 8 Realization of the fees (Gebihre)
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Appendix 9 Drivers and barriers, per actor, Freibu  rg im Breisgau
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Environmental drivers (selecting system)

Positive feeling about environmental behaviour

Water saving

oo

Prevention of drying out of soil

Reduction of water emissions

Recycling of water

bW AW

Protection surface water

Protection of ground water

Recycling of nutrients

ININFNINFNI-1INIEN

Reduction of energy use

Quality of neighbourhood landscaping

OO~~~ |A~|~|!

ROIOWIN|IA~ AP INW

Showcase project

Research opportunities

Gain data

INFNENIFCYI

Environmental drivers (realised system)

Positive feeling about environmental behaviour

Water saving

e

N W

Prevention of drying out of soil

Reduction of water emissions

Recycling of water

Protection surface water

Protection of ground water

Recycling of nutrients

Reduction of energy use

WIN|O|O|lWlw|W|lw]|!

Quality of neighbourhood landscaping

OO~ BMINO|!

R OoOOrRIFIWNP O

Showcase project

Research opportunities

Gain data

eI

Environmental and public health barriers

Health risk

w

Flood risk

Chemical hazard

w|!

Physical injury householders access to eqp.

Noise protection

OO0 |00

'O IN

w

wlo|h|o

Financial drivers & barriers

Design costs (vs. to conventional system)

Operating costs (vs. to conventional system)

NN

Energy costs (vs. to conventional system)

NEIE

Applying vacuum toilets

Reduced drinking water consp. (lower bills)

ENFNININ

o

Bankruptcy TBW

OB WW|A~

BAININ

Extent of decision system choice

Budget

Design costs (vs. to conventional system)

Operating costs (vs. to conventional system)

NINN

Energy costs (vs. to conventional system)

AINIDIN

Applying vacuum toilets

N

Reduced drinking water consumption (and lower

OO OoOo|o|IN

DID[PDIN|IN|

N
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bills)

Bankruptcy TBW 4 4 - -
Social and managerial drivers and barriers

Intensive contact with neighbours / Collaboration 0 0 3 0
with neighbours

Involvement in sanitation / Taking responsibility f 0 0 4 -

your household water management system. E.g.
water saving, reducing emissions

Improves quality of living 0 4 2 -
Implementation eco-sanitation 4 - -

Difficult technology 0 3 0 4
Ownership unclear 0 2 0 0
Maintenance responsibilities unclear 0 2 0 2
Maintenance burden on householders 0 2 - -
Bankruptcy TBW 4 - - -

Project Owner: Mr. J. Lange (initiator)

Project Owner: Mr. A. Panesar (management)

Architect: Mr. M. Gies (building design and partsalnitiator)

Technology supplier: Mr. S. Klemens (Supplier efgreywater system and parts of biogas
installation and maintenance)

Appendix 10 Design 1 " floor project “Arbeiten & Wohnen”
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Appendix 11 Design side view project “Arbeiten &

il

|

il

1
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Appendix 12 Drivers and barriers, per actor, Frankf  urt am Main
2] (@)
£ D
T %
. =
Aspects = =
Environmental drivers (selecting system)
Positive feeling about environmental behaviour 3 3
Water saving 4 4
Prevention of drying out of soil 0 0
Reduction of water emissions 3 2
Recycling of water 3 2
Protection surface water 1 1
Protection of ground water 4 1
Recycling of nutrients 2 2
Reduction of energy use 3 1
Quality of neighbourhood landscaping 1 0
Environmental drivers (realised system)
Positive feeling about environmental behaviour 3 3
Water saving 4 4
Prevention of drying out of soil 0 0
Reduction of water emissions 3 2
Recycling of water 4 2
Protection surface water 0 1
Protection of ground water 2 1
Recycling of nutrients 0 2
Reduction of energy use 0 1
Quality of neighbourhood landscaping 0 0
Environmental and public health barriers
Health risk 0 4
Flood risk 0 4
Chemical hazard 0 4
Physical injury householders access to eqgp. 0 4
Financial drivers & barriers
Design costs (vs. to conventional system) 2 2
Operating costs (vs. to conventional system) 3 2
Energy costs (vs. to conventional system) 2 2
Applying vacuum toilets 3 3
Reduced drinking water consumption. (lower bills) 0 2
Extent of decision system choice
Budget 3 4
Design costs (vs. to conventional system) 3 2
Operating costs (vs. to conventional system) 3 2
Energy costs (vs. to conventional system) 3 2
Reduced drinking water consumption (and lower )ills 3 2
Social and managerial drivers and barriers
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Intensive contact with neighbours / Collaboratiathwmeighbours

Involvement in sanitation / Taking responsibility ffour householg
water management system. E.g. water saving, regl@rmssions

w| o

A|O

Improves quality of living

Difficult technology

Ownership unclear

o|lw|o

Maintenance responsibilities unclear

Maintenance burden on householders

OO0 |W|N

w

- not known

Project manager: Mr. K. Helms, KfW Bankengruppe

Technical design: Mr. W. Selig, Ipdgenieurpartnerschaft

Urban Environmental Management

130




WAGENINGEN UNIVERSITEIT

ey

Scheme greywater installation , KW
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