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In order to decide the best water management
solution in a given area, we need to compare
the effects of possible alternative choices.
Multicriteria Analysis provides a transparent
and integrated view of the effects of different
alternatives.

TECHNICAL AND DEMONSTRATION CENTERS

Technical and Demonstration Centers have
been built in Egypt, Morocco, Tunisia and
Turkey. The overall goal was to attain a
conceptual assessment of several technical
options, their modifications to adopt local
conditions to improve efficiencies and to
make innovative developments.

DISSEMINATION

One key idea in Sustainable Water Management is to
integrate water supply, wastewater treatment and reuse. s
Actually it is about abandoning the concept of “waste” Information on sustainable water m;l;‘l:;g;-
water, because on one hand there is no water to waste, ment and ecological sanitation is spread to
and on the other disposal is a poor concept, which so far has proved very multipliers in the Mediterranean countries
unsafe. From a disposal problem we should shift to an asset. by means of workshops and courses.
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s far as Zer0-M is concerned, the MEDA Water programme has allowed

the introduction of the concept of Sustainable Water Management (SWM)

in four MEDA partner countries and, indeed, through exchange and dis-

semination, beyond these four countries. The projectisnow drawing toits
end. It is time, thus, for a review of the project and its achievements. This is
done in the present issue of the journal produced by the Zer0-M project.

The project and the programme as a whole have also yielded a few lessons,
which should be taken into consideration in order to guarantee sustainability
of the results:

e Change towards a sustainable approach to water and sanitation will take
time.

* The countries need more examples, to test and prove the systems and not
least to get information about cost.

* Inordertoachieve this, itis of paramountimportance to invite other ECbod-
ies to provide support (e. g. the EC Delegations by considering the MEDA Wa-
ter results in bilateral funding negotiations).

* Whereasthe MEDA Water programme relied on non-profit organisations, it
will be important for an implementation phase to include engineering compe-
tence, to rely on experts who were trained in Zer0-M and invite more consul-
tants to trainings.

It is therefore suggested to carry on the work started with the MEDA Water
programme in two main directions. On one side the developmenthas to be con-
tinued and expanded and must again be combined with dissemination in or-
der to spread the new approach including related techniques to implementing
organisations and their personnel. This should also include further network-
ing of the involved research organisations, the partners of Zer0-M and other in-
stitutions, which have already shown their interest.

On the other side a specific effort must be directed towards implementation
of concrete examples, in order to respond to the pressing need of the popula-
tions of the countries involved to become served in sanitation and to gain expe-
rience at a larger scale.

Donothesitate to visit the homepages of the Sustainable Sanitation Alliance
and of Zer0-M (www.zer0-m.org), if you want to see more about this topic. You
are also welcome to contact us directly.

Martin Regelsberger

(m.regelsberger@aee.at)

This journal, “Sustainable Water Management”, is an initiative of the project
“Sustainable Concepts towards a Zero Outflow Municipality (Zer0-M). The
project is part of the Euro-Mediterranean Regional Programme For Local Wa-
ter Management (MEDA Water) of the European Union and the countries bor-
dering the Mediterranean Sea.
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ZERO-M: SHIFTING WASTEWATER FROM A DISPOSAL PROBLEM TO AN ASSET

MARTIN REGELSBERGER

By MARTIN REGELSBERGER™

Zer0-M, short for “Sustainable Concepts Towards a Zero Outflow
Municipality”,is a project financed by the MEDA Water programme
of the European Union (EU). Zer0-M aims at spreading concepts and
developing technologies to achieve optimised close-loop usage of
all water flows in small municipalities or settlements (e. g. tourism
facilities) —the Zero Outflow Municipality.

* Martin Regelsberger heads the water department at
AEE INTEC, Gleisdorf, Austria, m.regelsberger@aee.at
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TDC AT THE MARMARA RESEARCH CENTER AT GEBZE, TURKEY

ehave to face the fact that in dry climates with a

high pressure on water resources, wastewater

is reused anyhow if possible, whether it is al-

lowed or treated to the necessary quality or not.
From a wider perspective in the closed system of the
earth there is always somebody on the receiving end.
Some have thus replaced the concept of disposal by un-
planned reuse, as opposed to planned reuse, which
Zer0-M is advocating together with other organisa-
tions and projects working at Sustainable Water Man-
agement (SWM). The far end of the process would be to
design substance flow cycles which allow upcycling of
water and nutrients, instead of downcycling especially
water until it cannot be further used.

NO WATER TO WASTE

One key idea in SWM is to integrate water supply,
wastewater treatment and reuse. Actually it is about
abandoning the concept of “waste” water, because on
one hand thereisno water to waste, and on the other dis-
posalisapoor concept, which so far has proved very un-
safe. From a disposal problem we should shift to an as-
set, which has to be developed.

RESUME

CONCEPTS DURABLES VERS UNE
MUNICIPALITE SANS EFFLUENT

Zer0-M, une abréviation pour “Sustainable Con-
cepts Towards a Zero Outflow Municipality” (Con-
cepts durables vers une municipalité sans effluent),
est un projet dans le programme régional
méditerranéen pour la gestion locale de 'eau de
I'Union Européenne. Zer0-M a pour but de diffuser
des concepts et de développer des techniques
permettant une utilisation optimisée des eaux
domestiques d’agglomérations — la municipalité
sans effluent — et leur contenu en boucles plus ou
moins fermées. Le projet a pu réaliser des installa-
tions pilotes et de démonstration et ainsi démonter
la faisabilité de 'approche d’une gestion durable,
centrée sur le ménage et utilisant les avantages de
collecter et de traiter des fractions d’eaux usées
séparément. Ces techniques permettent de faciliter
la réutilisation. Dans une prochaine étape il faudra
généraliser les résultats obtenus par d’avantage de
réalisations et pousser plusloin danslarecherche de
solutions nouvelles et intéressantes. Les techniques
utilisés présentent une nouvelle chance pour les
pays de la Méditerranéen, connaissant une pression
particulierement forte et croissante sur leur
ressources en eau et qui pourtant ont tablé jusqu’ici
sur des technologies d’eau développées dans des
régions beaucoup plus arrosées et sur des bases qui
datent d’il y plus d"un siecle.
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Purpose Techniques

Substitute water

Dry toilets, waterless urinals

Substitute potable water /
diversify resources

Collection of rainwater and use for laundry, showering, irrigation, toilet
flushing

Save water

Water saver fixtures, water efficient flushing toilets, household appliances
(dishwasher, washing machine)

Separate collection,
treatment and reuse

o Separate collection of different components/fractions e.g. greywater
(from bathroom and sink) and blackwater (from toilet), urine

e In-house greywater treatment and reuse for toilet flushing, showering,
laundry, outside uses

o Reuse of urine as a fertiliser
o Composting of faeces and addition to soil

Low energy treatment

Ponds, constructed wetlands, SBR greywater treatment systems, sludge
composting reed beds, composting

Treatment with energy
recovery

Anaerobic wastewater treatment with biogas production, possibly com-
bined with organic waste

Reduce climate change

Carbon sequestration in soil, with reconstitution of organic matter from
wastewater, reduction of nitrous oxide output through reuse of nitrogen
in agriculture

A Table1:
MEASURES AND
CORRESPONDING
TECHNIQUES
(NON COM-
PREHENSIVE)

TO INCREASE
SUSTAINABILITY

Another key idea of SWM is the “household centred
approach”. This means that every problem is dealt
with at the smallest possible level, starting from the
household, if possible. If not, the problem is reported
for solution to the next larger level, the building, then
the neighbourhood, the town, etc. In industry this is
what cleaner production does: processes, factories, in-
dustrial zones are designed in order to allow reuse of
substances and energy available.

A consequence of these two aspects is demand con-
trol and source separation. Source separation is al-
ready widely practiced in solid waste management
and eases the treatment and reuse of mass flows. This
advantage needs to be exploited in liquid substance
flows, too. Table 1 shows a series of possible measures
assisting in the creation of closed-loop local water man-
agement and related techniques that are already avail-
able. The techniques, however, arenotlimited and espe-
cially open to further developments.

ACHIEVEMENTS

In order to encourage implementation of SWM in
real systems, Zer0-M has built so-called training and
demonstration centres (TDCs, see figure 1) in each of
the four MEDA partner countries, Egypt, Morocco, Tu-
nisia and Turkey (see also article of Ahmet Baban et al.,
page 31). These centres exhibit a great variety of differ-
ent techniques at small scale, which have been and are
further tested and shown.

In Tunisia the TDC is built at a student residence.
The concept includes rainwater harvesting and treat-
ment for shower water, collection of greywater, treat-
ment by various processes (constructed wetland, se-
quencing batch reactor and membrane bio-reactor)
and reuse for toilet flushing. The toilet outflow is again
treated and used for landscaping of the area around the
residence. Thus the water is used three times, the de-
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A Figure2:
VISIT OF THE TUNISIAN TDC BY INTERESTED ENGINEERS
AND WATER EXPERTS DURING A TRAINING

mand from the water mains can be reduced to 40% and
in the ideal case no outflow reaches the sewer system.
The example shows that the approach is possible also
in urban settings.

At the Institut Agronomique et Vétérinaire Hassan
IIin Morocco one example is to collect greywater from
asports club and treat it in a two stage constructed wet-
land. Itis then disinfected in a UV-unit and used for toi-
let flushing at the building of the Department for Rural
Engineering and landscaping. The results from that re-
search were used to upscale the system for a 60 m?®/day
greywater plant at a publicbath, ahammam, in a small
town near Marrakech. The treated wastewater there is
used for irrigation of the town parks.

Such real scale pilot plants were designed and are
built in three countries to implement and demonstrate
the techniques tested at the TDCs under normal life con-
ditions (see figure 3).

TDC: VISIBLE RESULTS

Zer0-M has reached a phase in the promotion of
SWM where results are visible. These results comprise
among others the physical realisations, which can be
shown to an interested public in the respective coun-
tries. The implementations also help in assessing the
suitability of the technical solutions provided and in
adapting them, if necessary, to local particularities. At
the same time they are used to make future water ex-
perts familiar with the concepts of sustainable water
systems through trainings (see figure 2), research work
and theses prepared under the supervision of the
project partners.

Theresults alsoinclude consolidated data about par-
ticular wastewater fractions, i. e. greywater and black-
water, of the partner countries. These come to comple-
ment the existing databases and will be useful in
dimensioning respective treatment systems. The TDCs
and pilot plants will continue to provide data even
beyond the project.

SUSTAINABLE WATER MANAGEMENT 2-2008
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DISSEMINATION

The project approach has been successfully
disseminated through a journal and a homepage
(www.zer0-m.org), a number of workshops in each
partner country, three conferences organised by Zer0-
M itself and the participation of Zer0-M partners at nu-
merous other conferences and water related events.
Several videos have been produced, broadcast and dis-
tributed to show the approach and possible technical
solutions to a wide public of potential users.

The partners in the MEDA countries are all well es-
tablished national institutions. They have themselves a
great interest in the exchange among partners and the
results achieved. It can be expected that they carry on
the work started through the project even after its end.
To this purpose they have decided to establish a net-
work, which shall include other organisations around
the Mediterranean Sea. Their direct involvement in the
national water policy design, development of technical
solutions for the nationally identified problems and
the education of future generations of water expertsisa
guarantee for the achieved results to gradually become
part of the standard practice in water management of
the region.

Theimplementations were carried out with local wa-
ter and wastewater utilities, which will be able to use
the experience gained and carry on with sustainable
water management. In their work they will have the ac-
tive support of the Zer0-M partners in each country.

LESSONS LEARNED

With all optimism, however, itis clear that five years
of even intensive work is a short period to redirect such
a wide region as the MEDA countries in their attitude
towards sanitation techniques, even for a whole
programme of the European Union. It is true that there
is a high pressure on this region to continuously in-
crease the efficiency of their water systems and to re-
duce pollution through wastewater. Nevertheless it
will take a longer period to introduce modern sustain-
able sanitation techniques, especially given the sensi-
tivity of this aspect of human life, which involves every-
body in a very personal way and can only be optimised
with the concurrence and active contribution of all peo-
ple together.

The developed know-how was so far applied in
small scale demonstration systems and upscaled to a
few real size pilot plants in each country.

FURTHER QUESTIONS

The authorities and implementing organisations
are now asking for the Zer0-M partners’ support for
wider application of the developed systems. On the
other hand the projecthas also shown that for wider ap-
plication further questions have to be tackled, which
could not be included in the current phase. The an-
swers to these questions will partly come from experi-

SUSTAINABLE WATER MANAGEMENT 2-2008
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ences with additional real scale implementations,

partly from further technology development efforts.
Some of the questions are:

® How to optimise the reuse of nutrients in agricul-
ture? Work with agronomists and agro-economists
on this issue will be needed.

® Can the developed SWM systems, especially the
household centred approach, be transferred to the
urban context with its generally higher domestic
water needs?

® How to organise alarge number of decentralised ru-
ral (or urban) systems?

® How to adapt regulations, which are focusing on
water presently, for nutrient reuse?
These issues should be dealt with in the near future

to proceed with SWM while further pilot plants and a

multiplication of implementations consolidates the

achievements and furthers the present effort.

OUTLOOK

The MEDA Water programme has a co-ordination
office, the Regional Monitoring and Support Unit
(RMSU) based in Marseilles and Amman. This unit al-
lows joint efforts to present the contributions of the
programme as a whole for a sustainable management
of water resources. It can therefore be expected that the
project work is perceived as part of a whole
programme with a reach over all the Mediterranean re-
gion and seen in the more comprehensive framework

of the MEDA Water Programme. For the sustainability
of the results achieved they will have to be
impropriated not only by the countries directly in-
volved in Zer0-M but also by the European Union and
the Commission itself in their further support of sus-
tainable water management in the region.

The new approach will hopefully help the Mediter-
ranean region to better cope with the increasing water
scarcity, compared to solutions developed from tech-
niques of the 19" century for much more humid re-
gions. In a next step the experiences gained and the
demonstration of the advantages of the sustainable ap-
proach should lead to its general establishment as a
new paradigm for urban water systems.

SUSTAINABLE WATER MANAGEMENT 2-2008




By BOUCHAIB EL HAMOUR! and MARTIN REGELSBERGER*

Nowadays, many countries are facing water scarcity issues and in-
creasing stress due to water supplies, all of which restrains their de-
velopment objectives. Together rainfall rarefaction in many regions
of the world and intensive water use for irrigation and for domestic
and industrial activities are at the origin of the continuous rise in de-
mand. This situation is expected to deteriorate in the next decades
since water mobilisation has more or less reached its limits in most

of the areas concerned.

Bouchaib El Hamouri, Department of Water Environment and In-
frastructures, Institut Agronomique et Vétérinaire Hassan II (IAV),
Rabat, Morocco, b.elhamouri@iav.ac.ma

Martin Regelsberger heads the water department at AEE INTEC,
Gleisdorf, Austria, m.regelsberger@aee.at

SUSTAINABLE WATER MANAGEMENT 2-2008

BOUCHAIB EL HAMOURI AND MARTIN REGELSBERGER

<« Figure1:
EXPERIMENTAL GREYWATER TREATMENT PLANT
ATTHE TDC IN RABAT

ater demand management and the application

of new sustainable concepts towards closing

the water loop, are among the approaches exam-

ined to tackle at least part of the problem. For
instance, greywater (GW) recycling for site specific,
non-potable urban uses such as toilet flushing and land-
scaping is gaining in popularity. GW is collected from
washbasins, showers, baths and washing machines. It re-
presents 30% in households, 60% in commercial build-
ings and almost 100% in hammams (public baths).

The publicbath or hammam is a cultural heritage of
the Mediterranean civilization and is a major support
for health care and hygiene in the developing countries
of this area. Often, families do not rely on household fa-
cilities but visit the hammam to have a wash once or
twice a week. Visiting the hammam is a social event in
the southern Mediterranean area particularly for
women. In wintertime, the lack of household heating
systems deters people, even those with bath facilities,
from washing at home since they prefer the steam-
heated atmosphere of the hammames.

This paper describes the way the idea of using GW
for usages that do not need drinking quality water was
put into practise by the Zer0-M Project between 2004
and 2008. A two-step approach was adopted. It went
from the small training and demonstration centre

RESUME

L’approche “Zer0-M” entre dans le cadre de la
réduction de la demande de l'eau. Elle introduit la
nécessité d’une utilisation rationnelle de l'eau
comme le montre 'exemple de la ville d’El Attaouia
(22.000 habitants), située a 80 km au nord-est de
Marrakech.

Cette ville est maintenant dotée d’une station
d’épuration des eaux grises de son plus grand
hammam. L'originalité du projet réside tant dans
l'idée de traiter les 60 m3/j d’eaux grises du
hammam, que dans le choix d’une station qui
n‘occupe que 200 m? et qui se distingue a peine de
I'espace vert ou elle est placée.

Désormais, 60 m3/j d’eaux grises remplacent ceux
pompés a 50 m de profondeur pour des usages qui
ne nécessitent pas la qualité d’eau potable. Depuis le
démarrage du projet la surface des espaces verts a
été multipliée par trois étant donnée la disponibilité
de l'eau grise traitée ce qui a amélioré la qualité de
vie des citoyens.

Les 200 m3 rejetés par les cing hammams de la
ville occupent, aeuxseuls, 2.000 m3surles 7.000 dela
station d’épuration de la ville. Envoyer I'eau grise
des hammams directement dans les stations
d’épuration des eaux usées des villes Méditerra-
néennes est un non-sens doublé d’un gaspillage
d’eau et d’argent.
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A Figure2:
GROWN-UP (TDC) GW recycling facility (10 m3/d) to the large scale
GREYWATER hammam GW reuse for landscaping in the small town
TREATMENT of El Attauia (60 m%/d).
PLANT FOR THE
HAMMAM IN
EL ATTAOUiA STEP 1: THE MODEL
Ten m3/d of shower GW were collected, treated, dis-
infected thenrecycled for toilet flushing in the IAV cam-
pus. This was implemented in the TDC constructed by
Zer0-M in March 2005. This was aimed at comparing
the efficiency of advanced, compact technologies to
that of natural, low-cost systems for GW treatment. In-
tensive systems were studied with the objective of help-
ing their use in remote tourist facilities while the study
of low-cost units was oriented toward the implementa-
tion and dissemination of large scale decentralized GW
treatment for urban reuse in small communities.
STEP 2: THE LARGE SCALE PILOT OF EL
ATTAQUIA
The town of El Attaouia with 22,000 inhabitants was
chosen to harbor the Zer0-M pilot project on GW treat-
ment and reuse. This town is located 80 km North-east
of Marrakech in the arid zone where rainfall is around
Number of person visiting the hammam in a day (Sunday)
50
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20 R
» Figure3:
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A Figure4:
THE HORIZONTAL CONSTRUCTED WETLAND THREE MONTHS
LATER

300 mm/year. El Attaouia was also chosen because it al-
ready has a sewage treatment plant and a 40-ha-irriga-
tion reuse area both operating since 2003.

Design parameters were worked out from a two-
year intensive monitoring of the TDC installation (step
one) and used for the construction of a 200 m?-intra-
muros, decentralized plant to treat greywater collected
from the Attaissir hammam, the largest hammam of
five in the town of El Attaouia. Following this, 60 m3 of
greywater are to be collected per day to be reused for
landscaping instead of pumping 50 m-deep drinking
quality water.

TECHNICAL SETUP
HAMMAM “ATTAISSIR” OF EL ATTAQOUIA

Hammam ATTAISSIR is the largest and the most re-
cent hammam of the town of El Attaouia. It includes
two separate parts of equal size. One is used during the
opening hours by women only and the other by men. A
few hammams still operate in the way that a common
space is used for some periods of the day by men exclu-

V Figure5:
SAND GRANULOMETRY
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A Figure6:
MUNICPALITY WORKER IN DUTY IN THE GW TREATMENT PLANT

sively and other spaces by women. Hammam Attaissir
produces 60 m3/day of greywater.

Consumption ratios and week frequentation were
monitored to determine the GW production profile
(figure 3.) and also to fine-tune the design of a solar
heating system which will save part of the 1.2 tons of
forest wood burned daily in the hammam. This part of
the pilot project will be implemented between June and
August2008. An area of 375 m? of solar collectors and a
storage reservoir of 25 m? shall be used to provide more
than 60% of the heating energy requested by the
hammam.

THETECHNIQUE CHOSEN FOR THE TREAT-
MENT OF THE HAMMAM’S GW

The chosen system was tested first in the TDC instal-
lation for three consecutive years before its scaling up
for the Hammam GW treatment. The chosen con-
structed wetland/sand filter unit had three compo-
nents: a horizontal-flow constructed wetland (CW)
planted with Phragmites, a self-primed siphon and a
vertical-multilayer slow-sand filter.

The 200 m? plant was constructed in a green space
along the main street of the town. It is located 1,500 m
away from the Hammam. Raw GW is subject to coarse
material removal using two screens in series prior to its
pumping to the treatment site using an automatically
controlled submersible pumping unit.

It was decided to construct two identical parallel
treatment lines, instead of having one line with the
same surface area, for maintenance reasons (figure 5).
The self-primed siphon was constructed to flood the
vertical sand filter in a short time for homogeneous
hydraulic loading.

The CW unit was constructed in reinforced concrete
and had the following characteristics (per line): length
10 m, width 4.0 m, depth 0.8 m, cross sectional area
3.2 m? and bottom slope 2%. The bed filling material
waslimestone aggregates 2 to 8 mm. The uniformity co-
efficient (UC; dgy/d;o) was 1.5, the porosity 42%. The
bed was planted with reed; Phragmites sp. (figure 5).

7 Royaime 4 Maros
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The vertical-multilayer slow-sand filter was also
made in reinforced concrete also with a length of 10 m
and 4 m wide. The sand layer had a thickness of 0.80 m
with particle sizes of 0.25 mm and a uniformity coeffi-
cient (UC; dgy/d;) of 2.85 (figure 5). Drain pipes were
covered with a layer of gravel 2 to 8 mm.

Areservoir of 60 m? (one-day water production) was
constructed under ground, from which treated efflu-
ent is pumped through an irrigation network.

FOLLOW UP AND ADVANTAGES

The performance and behaviour of the plant are to
be followed up for the next coming months to improve
the system and fine-tune its operation. Also, economic
parameters shall be determined in order to work out
the operation costs for dissemination purposes.

CONCLUSION

To our knowledge, the El Attaouia project s the first
experiment of this size dealing with the GW from a
hammam. Such an approach could be adopted for a
better domestic water management inside the Mediter-
ranean cities. Landscaping and other urban needs
could be satisfied using hammams’ GW and an equiva-
lent volume of drinking water could be saved.

The 60 m® per day of Hammam Attaissir in El
Attaouia can be increased to 200 m3 when considering
the four other hammams of the town. Sent to a sewage
treatment plant, this volume would request the con-
struction of 6,000 m? of ponds of a retention time of 30
days. Sending hamamas GW to the sewage plant is
therefore a pointless action and mainly a waste of water
and funds.

The public garden area of El Attaouia was simply
multiplied by three since treated GW of the hammam is
daily available for landscaping (March 2008). Soon, a
plant nursery is to be put into service to reduce the cost
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P Figure8: of the expected extension of public gardens in the
“MUNICIPALITY town. The area along the main avenue is becoming now
OF EL ATTAQUIA, the late-afternoon area for walking, in which the GW
TREATED treatment plantis just a part of the landscape.
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GREYWATER TREATMENT AS AN OPTION FOR EFFECTIVE WASTEWATER MANAGEMENT
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This paper presents the results of four different investigations
where greywater is treated with low technology realised with a con-
structed wetland and a gravel and sand filter as well as with a high-
tech option: the membrane bioreactor.
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he applications are perfectly suited to operation
in remote areas or small communities with tourists
depending on the variation of discharged waste-
water flows. The advantage in the general sustain-
able water management approach of each treatment op-
tion will be shown, the technologies will be compared
in terms of robustness and effluent quality and a first
conclusion will be drawn for the field of application in
small communities.

It is an accepted practice and also a community ex-
pectation in sewered areas that there is a supply of tap
water and that wastewater is drained to a sewer to pro-
motesanitation and hygiene in the home. However, the
demands are contradictory to the limited water sup-
plies and rising costs as the population increases. The
expansion of water supply catchments and the ade-
quate central wastewater treatment may become diffi-
cult, especially for metropolitan areas. Therefore, do-
mestic greywater from single sewered premises may
be considered as a potential resource. Greywater is gen-
erally defined as low polluted wastewater originating
from bathtubs, showers, hand washing basins and
washing machines excluding wastewater from the
kitchen and the toilet flushing system (Nolde, 1999).
Greywater contains impurities and micro-organisms
derived from household and personal cleaning activi-
ties and it shows a wide range of pathogenic and other
liquid waste materials, which people normally want to
eliminate from the inside of their homes (Birks et al.,
2004; Friedler, 2004; Ottoson and Stenstrom, 2003;
Veneman and Stewart, 2002). Those varieties in
greywater quality should be taken into consideration
when setting appropriate risk-based standards for re-
use. Itmay be reused on-site forirrigation purposes, toi-
let flushing, and laundry use depending on the type of
greywater and itslevel of treatment. In single house sys-
tems, the favourable option for the reuse of greywater
is toilet flushing, because the amount of water required
equals the amount of greywater produced for hygiene
purposes such as washing, showering and bathing
(Birks et al.). It reduces the demand on high quality
drinking water by around 35%.

RESUME

Ce document présente les résultats de quatre
enquétes lorsque les eaux grises (sans des matiéres
fecales) sont traitées a faible technologie comme
réalisé par un station d’epuration de plants et d'un
filtre a sable et de gravier ainsi que d'une option de
haute technologie: le bioréacteur a membranes. Les
applications sont parfaitement adaptées pour étre
utilisées dans les régions éloignées ou des petites
localités touristiques avec des variations en fonction
des flux d’eaux usées. L'avantage dans la gestion du-
rable de l'eau de chaque option de traitement sera
affiché, les technologies seront comparées en termes
de robustesse et de la qualité des effluents et la
premiere conclusion qui sera tirée pour le domaine
d’application dans les petites communautés.
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» Table1:
DESCRIPTION
OF THE FOUR
DIFFERENT
TECHNOLOGIES
IN THIS STUDY
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SET-UP OF 500L SM-SBR
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Lately, the greywater treatment and reuse option
havebeen widely studied, especially in Europe, Austra-
lia, Japan and California. Still, long term investigations
are rare, even though Nolde (1999) reported a ten year
experience in greywater reuse for amulti storage build-
ing. Only a few full-scale plants are in operation to
draw enough conclusions from their operation
(Friedler, 2004). Therefore, it is essential to study this
topic further and to pay enough attention to protect
publichealth as well as to be consistent with the princi-
ples of ecological sustainable development, which
does not decrease the amenity of the local community.

This paper presents the results of our own experi-
ments on a lab scale and pilot plants, which then are
compared among each other and to literature findings
withafocus on the differences in greywater treatment.

MATERIALS AND METHODS

EXPERIMENTAL SET-UP

Four different technical options to treat greywater
have been investigated. On the one hand there are the
“low-cost”, “low-tech” treatments of horizontal flow
reed beds, vertical flow reed beds, as well as sand-
gravel filters and on the other hand there are the results
from a “high-cost” “high-tech” solution (the 500 L pilot
scale SM-SBR). One is on a pilot scale and operated
with synthetic greywater, while the other three were op-
erated under real conditions; set-up B+C are also on pi-
lot scale. Table 1 gives an overview of the four different
set-ups.

Set-up A: A 500L SM-SBR (figure 2a) was fed with
synthetic GW according to (Scheumann et al., 2007). It
was designed to represent the GW of a four-person
household. Furthermore, it could be shown that the
compositionis comparable to real GW from the shower
effluent of a Moroccan sports club (Merz et al., 2007).
The reactor was operated in an SBR mode with a vol-

influenti |

excess

eﬁlue:t_|

sludge

effluent

A Figure2b:
SM-SBR PRINCIPLE

membrane

ume exchange ratio of 25% and with cycle lengths of 8,
6,3, and 2 hours. With the latest set-up, the SBR cycle, as
shown in figure 2b, began with a filling phase of 5 min,
which was included in the one hour anoxic phase. The
aerated reaction phase consisted then of a period of
60 min, including the idle phase. The permeate with-
drawal started with the start of aeration.

Set-up B: The gravel & sand filter (GSF, figure 3)
was taken into operation in June 2005 at the premises of
the IAV in Rabat, Morocco to treat greywater coming
from a sports club sanitary facility. This comprises ten
showers as well as several washing basins which are
connected to the greywater collection system. The
greywater was screened by a 1 cm x 1 cm-screen and
collected in a reservoir made of concrete. At the filter in-
let it was passed through a second 1 cm x 1 cm-screen
to have reliably removed large particles which might
block the filter. The screens were cleaned manually ev-
ery day. The GSF was constructed as a horizontal and
vertical flow filter. It underwent all the variations in
flow and load, which came in discrete waves during
the day according to the activities in the gym. The
gravel material was made of limestone. This purifica-
tion step was followed by vertical filtration through a
multi-layer sand (95% silicium) filter which consisted
of four layers of differently sized sand. The diameter of
the grains increased from top to bottom. The total hol-
low volume of the gravel and the sand compartment to-
gether was 2.78 m® and 4.06 m® when the receiving
ditches at the inlet of each compartment were included.
The GSF received an average flow of 8 m3d-! with
Qcop = 0.8 kgcopd™! on workdays and a theoretical
HRTat0.3Ls!of3.8 h.

name reactor type wastewater location

Set-up A:| pilot scale 50OL submerged membrane sequencing batch reactor (SM-SBR) synthetic greywater TUB in Berlin, Germany
Set-up B: pilot scale unplanted sand & gravel filter (GSF) real greywater (showers effluent) [AV in Rabat, Morocco
Set-up C: pilot scale planted sand & gravel filter real greywater (showers effluent) |AV in Rabat, Morocco
Set-up D: horizontal flow (HF) constructed wetland secondary treatment of greywater (80 p.e) | camping site, Tuscany, ltaly
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o E e | O === ==
: — - ~| | Filtrate 5 N | (
i r] ﬂ 11 vertical flow | = Grey water Pumping system \ J
gravel compartment sand compartment Degreaser Horizontal Now RBTS well —
width = 2.00 m width = 2.00 m
length = 2.25m length = 2.60 m
depth = 0.80 m depth = 0.60 m A Figure4:
slope = 0.02 m/m slope = 0.02 m/m of 25 cars. The CW area occupies only 3.5% (700 m?) of ~ SCHEME OF
the camp surface area. THE CW AT THE
A Tigure3: CAMPING SITE
SET-UP OF THE GRAVEL SAND FILTER; SET-UP B WITHOUT “LA CAVA”
PLANTS, SET-UP C WITH PHRAGMITES AUSTRALIS RESULTS AND DISCUSSION
GW CHARACTERISTICS
Complete sets of analyses were performed on sam- GW (cf. table 2) was characterised regarding the pro-
ples taken at the beginning of the midday wave, i.e.  portion of readily biodegradable COD (expressed as
from the most highly polluted influent. Effluent sam-  the ratio BOD5s/COD) and the nutrient fraction (ex-
pling was immediate, i.e. HRT was not taken into  pressed as the ratio COD/NH, N/PO,-P). In the litera-
consideration. ture the ratio BOD5/COD varied between 0.25 for GW
SET-UP C: (Jefferson et al., 2000) and 0.44 for domestic low
. . : strength wastewater (Metcalf and Eddy, 2003). The
One line of the GSF as described in set-up B was . . . e P
. ) . BOD35/COD ratio of GW in three studies was within this
planted with Phragmites australis in the autumn of 2005, .
. . reported range with a value of 0.25 for set-up A, and a
which refers to the operating day 195. 40 shoots were .
lesrtizel i 5 g of ) e omdh, Wi essliad] i 6 value of 0.43 for set-up B and C. The average ratio of
plan tine densitv of 8.9 m-2 ' COD/NH,;/TP has been reported typically with 100/5/1
P & ty ofs. ’ for domestic wastewater (Metcalf and Eddy, 2003).
SET-UP D: Kargi and Uygur (2003) calculated an optimum COD/
Asmall camping site “La Cava” in Arezzo, Italywas =~ NH;/P0,-P for a maximum nutrient removal in the acti-
recently established, and designed according to the  vated sludge process for synthetic wastewater with a
Sustainable Water Management principles (water sav-  five-step SBR of 145/5.87/1, whereas Jefferson et al.
ing, reuse, recycling). As visualised in figure 4, the  (1999) measured a COD/NHS,/TP ratio up to 1030/2.7/1
black-and greywater were segregated intotwoparallel ~ for GW, indicating a macro-nutrient limitation. The
lines for a separate treatment as follows: greywateris  synthetic GW in set-up A had a COD/NH;/P0,-P ratio
treated at a hydraulicloading rate (HLR) 0of 826 cm d!  of 121/5.69/1, which is very close to the optimum ratio
(equals a flow of 9.5 m? d! passing through a HF wet-  found by Kargi and Uygur. For the highly diluted GW
land cell with a surface area of 115 m?). The treated  from set-up B and C the ratio of COD/NH;/TP was de-
greywater was recycled for toilet flushing. The camp-  termined at 127/9.13/1 as favourable for biological
ing complex covered a surface area of about 20,000 m?  treatment with no limitation concerning the macro
withwood, green terraces and parking placesforatotal = nutrients.
average values + standard deviation average literature values
Set-up A Set-up B &G Set-up D Jefferson et al., 1999 Nolde, 1999
pH 1.6+0.3 16404 1.6£0.4
B0D;, mgL”! 90+11 5316 5316 104245 50-100"
60D, mgL" 209480 122401 902 207115 100-200
TN, mgL™! 17.36.7 9.6 5-10
TKN, mgL ™! 15.244.5 2.5 391472
NH,-N, mgL" 1.3£54 11.8+4.2 1.7
NO,N, moL ! 0.9+09 0.32
TP, mgL” 1.6+0.53 6.6 3.67+3.88 0.2-06
PO, P, mgL” 0.74+1.8 1.0+0.4
B0D/COD 0.2 0.43
COD/NH,/TP 121/5.69/1* 127/9.131 1030/2.711
Conductivity, ps cm” 855191 4 Table 2:
VISEL GREVWATER
Faecal Goliform, 100mL 2.48710° £1.2*10° 107 -10° CHARACTERISTICS

*measured as BOD7 **as COD/NH3/P0s-P
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» Table 3:
AVERAGE

CONCENTRATIONS
OF PERMEATE AND

THE ACHIEVED
REMOVAL
EFFICIENCIES

EXPERIENCES FROM THE OPERATION OF
GW TREATMENT PLANTS

The SM-SBR was put into operation in January 2006
with a volumetric exchange ratio of 0.25 and started off
with an HRT = 33 h. Investigations of COD and nitro-
gen removal within one cycle, combined with the on-
line measurements of DO, ORP and the flux of the mem-
brane module showed possible optimisation poten-
tials in terms of time reduction for the aerated and
anoxic phase. After 80 days, the HRT was reduced to
24 h and has been since reduced in consecutive steps
down to 8 h. A short HRT is desirable because Hu
(2002) found the optimal HRT for GW treatment to be
around 1.5 h. With an HRT =8 h and the last modifica-
tion to gravity flow the permeability is on average of
360 L(m2hbar)! (flux = 25 Lm?h') for the UF-module
and of 660 L(mzhbar)! (flux = 35 Lm?h!) for the MF-
module. In studies on municipal and domestic waste-
water flux values for submerged membrane modules
between 5 and 40 Lm?h! was found (Stephenson etal.,
2000).

The mean organic loading rate for the GSF in set-up
B&C was low with L, = 0.29 kgcop(m®d)?! compared
to the value of 1.09 £ 0.73 kgop(m3d) ! found by Jeffer-
son et al. (2000). However, it has to be taken into consid-
eration that, especially in the sand filter, only a part of
the volume was actually used. If the effectively used re-
actor volume was taken as a reference, the organicload-
ing rate would be higher. The evolution of the reed in
set-up C was that in the first two rows this grew signifi-
cantly faster than in the last three rows. This is ex-
plained by the gradual decrease of the waterlevel in the
gravel due to head loss. The roots of the plants in the
first rows reached the water earlier or in the case of the
first row were submerged into it from the beginning.
Thus these plants needed root growth only for anchor-
ing and could invest more energy in the development
of emergent plant mass. It appears that planting did
not have an overall optimising effect on the GSF. This
observation, however, might be due to the fact that re-
sults achieved with the unplanted filter were already
satisfactory. A negative effect of planting was the de-
crease of hydraulic conductivity and a subsequent over-
flowing of the receiving ditch at times with high inflow
rates. Phosphorus uptake by the plants may explain
the increase in total phosphorus removal with respect
to the previous year. However, as total phosphorus
concentration in the influent was low this was not a
critical issue.

The wastewater production at the camping site “La
Cava” has a high weekly fluctuation in the range 0f 0.3
to 7.0 m3dL. The inlet chemical composition of the seg-
regated greywater is high in comparison to other re-
ported values for greywater. This is probably due to the
concentrating effect obtained with the various water
saving measuresin operation resulting in average influ-
ent concentrations three times higher than measured in
the other places (Masi et al., 2007).

Table 3 shows the removal efficiencies for COD, TN
and NH;-N for the different set-ups, as well as the aver-
age feed and permeate concentrations over the opera-
tion period. Each cycle time reduction of the SM-SBR
enhanced the removal efficiency and with an HRT of
8 hafirst optimised cycle time seems tobereached. The
TN removal of 81% achieved under the latest HRT com-
pared to the removal of 73% for the HRT of 33 h illus-
trated the success of an optimised cycle. The treatment
efficiency of the CW was rather impressive according
to the high inlet COD of 503 mgL-! with a removal effi-
ciency of approximately 90%. Moreover, the treatment
performances of the horizontal flow CW for greywater
treatment fulfilled the stringent Italian water quality
limits for treated wastewater reuse.

REUSE OPTION AND ITS BENEFIT FOR
SMALL APPLICATION PURPOSES

One of the most common solutions for the reuse of
greywater is garden watering, the irrigation of vegeta-
ble and crops as well as the use for toilet flushing. Gar-
den watering for example accounts for around 34% of
the total household water budget in Melbourne, Aus-
tralia, with a highly seasonal demand (Christova-Boal
et al., 1996). However, it should be noted that with
many of the larger scale schemes, which may include
rainwater, the recycled water can be employed for
otherurbanuses such as park irrigation, street cleaning
etc. (Lazarova et al., 2003).

The reuse of the treated GW from the SM-SBR is ap-
plicable for in-house use, cleaning purposes, like wash-
ing cars and irrigation. The biggest advantages of an ef-
fluent with a high hygienic quality and a small foot-
print of the reactor come into play for tourism-attrac-
tive centres. The CW as well as the GSF have their share
in the sustainable water management approach due to
their low investment and operational costs. The treat-
ment performance is excellent, when correctly de-

Set-up A (HRT = 8h) Set-up B Set-up D
Mandatory values
(mgL") Permeate Removal Effluent Removal Effluent Removal
(mg L") efficiency (mgL™) efficiency (mg L") efficiency

Turbidity / / / T.7NTU 0.93
Hi] 30 18.9 0.91 38 0.81 53 0.89
TKN / 418 0.81 9 0.39 11 0.56
NH,-N 0.392 0.37 0.97 5.8 0.62 0.13 0.92
NO,-N 11.3? 3.66 / / / 0.48 /

1 Directive (75/440/EEC) 2Directive (98/83/EC) 3measured as TN
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signed, but can fail fast, when underdesigned. Maybe
an additional UV disinfection is needed here.

CONCLUSION

Greywater reuse is next to rainwater harvesting the
tirst decision which should be considered both by indi-
viduals and the community when it comes to the reuse
of water. The results obtained from the CW provide the
excellent treatment of greywater with variable peak
flows. Therefore it can be recommended that this con-
figuration are used as abenchmark design for other hot
climate remote areas or small communities needing to
improve and preserve the quality of open water bodies.
The SM-SBR is an option where space is limited and a
high hygienic quality is needed. The unplanted GSF is
a very simple technology for low polluted greywater,
but needs to be carefully designed to avoid clogging.
All of the technologies described should be considered
as solutions to gain advantages from a sustainable
water management with its many reuse options.
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INTEGRATED APPROACH TO WATER SAVING

By LATIFABOUSSELMI, MOUNA LAMINE and AHMED GHRABI*

According to experts of water, the efforts made on the mobilization of
hydraulic resources in Tunisia will support up to 2030, a balance be-
tween supply and demand [1].

It is thus necessary to control any reasons for water over-consump-
tion as they arise and to act to save water. Among the origins of water
over-consumption we can count the out-datedness of the water distri-
bution network, water leaking from the sanitary equipments such as
flushing systems and the strong not optimized water demand.
Indeed this water demand can reach 800 L/d-bed in the hospitals,
100 L/d-agent in the public administrations, 550 L/d-resident in the
hotels and 300 L/d-student in the universities [1].

* Latifa Boussemi, Mouna Lamine, Ahmed Ghrabi, Centre de
Recherches et Technologies des Eaux, Technopole Borj Cedria, Tunisia,
Latifa.bousselmi@certe.rnrt.tn
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ouseholds and publicbuildings use 54%, industry
33% and tourism 13% of total potable water [1]. To
prevent this situation, itis necessary to modernize
the hydraulic equipments as a result of installing
water saving devices and to rationalize water consump-
tion in economic activities. In the same way, it is neces-
sary to implement the local management of water, inte-
grating wastewater which will be regarded as re-
sources and not as waste, as quickly as possible.

The aim of this paper, developed in the framework
of the Zer0-M project, is to study (i) water consumption
inapublicsectorbuilding (urban area), (ii) the possibili-
ties of water savings and (iii) the contribution of the im-
plementation of local water management.

PRESENTATION OF THE STUDY CASE

The case study considered is a studentbuilding com-
prising a ground floor and three floors with a maxi-
mum capacity of 212 students considered in this work
to be constant. Table 1 summarizes the local distribu-
tion of the sanitary facilities as well as providing pho-
tos of the available equipments. The shower room is lo-
cated on the ground floor, the toilets and the wash-
hand basins are located on each floor.

In order to work out how much water could be
saved, it is necessary to first know how much water is
used. Water meters are implemented on the ground
floor which is inhabited by 26 students. Water con-
sumption is monitored at three levels:
® Hot and cold waters demand for showering;
® Water used in the wash-hand basins by students for

sanitary needs or for washing some utensils and

clothes;
® Water for toilet flushing.

The first monitoring was carried out from April to

May 2007, and then at different periods corresponding

RESUME

L'objectif de I'étude est d’étudier la consommation
en eau au niveau d’une institution publique, les
possibilités d’économies d’eau et 'apport d’une
gestion locale de l'eau. L'étude de cas intéresse un
foyer universitaire formé de 3 étages et un rez-de-
chaussée ayant une capacité maximale de 212
étudiantes. Le suivi de la consommation en eau au
niveau des différentes utilisations permet d’identi-
fier celles qui enregistrent une consommation
élevée en eau et d’agir pour y remédier. Une fuite au
niveau des chasses d’eau peut multiplier les quan-
tités d’eau par cinq. Lamise en place d’équipements
d’économie d’eau peut permettre un gain supplé-
mentaire (73%) et/ou permettre une gestion opti-
male (faible maintenance, faible risque de fuite
d’eau). Enfin, un traitement des eaux grises en vue
de leur recyclage dans les chasses d’eau permettra
une économie d’eau importante et une gestion dura-
blel'eau.
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to the introduction of technical modifications to the dis-
tribution network.

WATER MONITORING RESULTS

The survey results don’t include holidays as stu-
dents leave the building. The number of students de-
creases during the weekends, but as this is not possible
to predict, the total number of students is presumed to
be constantly 212 during the whole time. This leads to
an underestimation of the calculated water consump-
tion expressed as L/student (L/St).

WASH-HAND BASINS AND SHOWERS

The water consumption at the wash-hand basins is
0.7m?3/day (figure 2, left) corresponding to 27 L/St-day.
Based on the total number of students, the overall con-
sumption rises to 5.7m3/day. It corresponds to multi-
daily uses.

All showers are concentrated on the ground floor.
The use of cold water is dependent on the temperature
of the hot water. Students use an average of 7.41 m3/
day corresponding to 35 L/St-day (figure 2, right). The
average frequency of use is estimated to be equal to
three times per week (81 L/St-shower).

TOILET FLUSHING

The monitoring of water demand for toilet flushing
on the ground floor, during the same period, showed a
high consumption of 6,36 m®/day corresponding to the
tirst slope of figure 3. Itis equivalent to 244 L/St-day. In
the light of this situation, the managers of the student
building started maintenance work during the holi-
daysinrelation to the flushing system to avoid any leak-
ing. The work undertaken makes it possible to reduce
consumption to 1.14 m¥day (second slope of the fig-
ure 3) and clearly demonstrates the importance of a
good maintenance. Thus the student building con-
sumption for toilet flushing decreases to 44 L/St-day
(9,3 m¥day).
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Based on the monitoring results, the total water de-
mand of the student house building is 22.4 m3/day
(106 L/St-day) and the percentages of distribution
based on the uses are 25.5%, 33% and 41.5% respec-
tively for wash-hand basins, shower and flushing. The
percentage of black water corresponding to toilet
wastewater is 41.5% and grey water related to
wastewater from wash-hand basins and showers is
58.5% whereas in general the latter account for 73% and
black water 27% [2]. It should be noted that in this case,
grey water does not comprise wastewater from the
kitchens and only a small part of the wastewater is re-
lated to the washing of clothes. The obtained water con-
sumption of 106 L/hab-day is close to the Tunisian
household average and then remains rather high. How-
ever in the absence of good maintenance, it reaches
306 L/St-day. This value is equivalent to the one pre-
sented in the introduction.

IMPLEMENTATION OF WATER SAVING DEVICES

In order to save more water, the administrators of
the student building implement saving devices in
showers and flushing toilets systems. The correspond-
ing technical characteristics are summarized in table 2.

The water flow is measured for the showers and the
average value is 6 L/min, for flushing, the average ca-
pacity is 5.4 L corresponding to a water flow average of
0.9 L/s. The difference between these values and table
2 could be linked to the dynamic pressure of the water
distribution network. Nevertheless, water flows ap-
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pear fixed by the administration to low limits accord-
ing to Table 2.

The monitoring of water consumption during show-
ering shows a major reduction. Water demand is now
estimated as 2 m%/day or 9.4 L/St-day very far from the
previous value of 35 L/St-day. This new rate can be ex-
plained by the strong reduction of the flow rate and the
temporisation effect which could have animportantim-
pact on water management during showering. Produc-
ers of equivalent water saving devices claim that water
saving ratios equal to 70% can be achieved. This will
save water and energy costs as hot water consumption
represents 87% of the total demand (figure 2). How-
ever in this case, a longer monitoring period is neces-
sary to confirm this conclusion which should be associ-
ated with a study of the acceptance to determine if the
low water flow provides a comfortable stream of water
with good wetting and rinsing characteristics (figure 4).

Concerning the toilet flushing water demand, a
short survey leads to 1.05 m3/day used for this purpose
on the ground floor (40 L/St-day). Nonotable variation
is observed since the flushed water volume remains
equivalent to that of the precedent flushing system
shown in table 1 with a capacity of 5 to 6 L. However,
the main advantage of the new system with water sav-
ing devices is the low risk of water leakage and a low
level of maintenance work.

The maximum total water consumption after imple-
menting the water saving devicesis equal to an average
of 16.2 m3/day with 52% used for toilet flushing. The
next step to be considered is the wash hand basins rep-
resenting 37% of water consumption and which are not
yetintegrated in this water saving strategy.

For Toilet flushing For shower

Equipment Time delayed taps Time delayed mixer taps
Volume / flow rate 6-91L 6-12L/min
Dynamic pressure 1-5bar 2 - b bar
Temporisation time 6s 30sx10s

CONTRIBUTION OF LOCAL WATER MANAGE-
MENT APPROACH FOR WATER SAVING

In order to decrease the quantity of water used for
flushing, the grey water from showering is treated by bi-
ological processes: membrane bioreactor (MBR) or se-
quencing batch reactor (SBR) with UV disinfection, be-
fore recycling for toilet flushing [3, 4]. The grey water
quality obtained before the implementation of a water
saving device has already been presented [3]. Water
saving devices increase the concentration of pollutants
due to the decrease of water demand. The average val-
ues obtained during February 2008 are 193 mg/L,
14 mg/L and 7.8 mg/L respectively for COD, KTN and
PO,*. A reactors’ performances analysis [5] demon-
strated that the average COD obtained after treatment
by MBRis 33 mg/L. Treated grey water was recently in-
jected for toilet flushing and, as a first experience, only
one toilet is concerned by this recycling for monitoring
and further improvement. The treated flow rate is
equal to 1 m?%/day. The finalization of this recycling pro-
cess will lead to an equivalent water saving. Rainwater
harvesting is also implemented for feeding one shower
for further saving and demonstration purposes [4].

DISCUSSION AND CONCLUSION

The monitoring of water consumption linked to the
different uses in the student building makes it possible
to identify those which record a high water consump-
tion and to act to reduce it. The elimination of water
leakages from the flushing toilet system leads to an
82% water saving ratio. The installation of adapted hy-
draulic equipments can allow 73% water savings for
showering and/or an optimal management (low
maintenance, low risk of water leakage).

In order to determine the efficiencies of the under-
taken actions in this study case and to compare them
with the potential contribution of alocal water manage-
ment approach (decentralized system) different mea-
sures are considered. Figure 5 summarises the water
demand and discharged water production (L/St-day)
function of the different situation or actions already un-
dertaken (A to D) and some others possibilities which
could be envisaged (E to G):

A: Initial situation
Maintenance work on flushing system
C: Savingdevicesimplementationinshowers and toi-

lets flushing

D: C+Grey water treatment and the recycling of Im3/
day in toilet flushing

E: C+Total grey water treatment and recycling in toi-
let flushing

F: D +Saving devices implementation on wash hand
basins with expected water savings of about 70%,
due to automatic 15 sec shut-off delay and 6 L/min
pre-set flow rate (producer information)

G: F+total grey water treatment and recycling

From action A to D, a water saving of 76% is
achieved. The ratio grey water/toilet water demand is
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equal to 0.9 (action C) which allows the strong decrease
of toilet flushing water demand after grey water treat-
ment and recycling (action E), 47% water saving. The
comparison between action E and F demonstrates that
the result achieved by greywater recycling is more in-
teresting than action F related to saving devices imple-
mentation on wash hand basins. This action leads to a
decrease in wash hand basin water demand, but also a
decrease of grey water production and the amount of re-
cycled water. As a consequence, the flushing toilet de-
mand increases in G by comparison to E, but the total
water consumption stays constant. Situations E and G
correspond both to the minimum of demand (40 L/
St-day) and integrate total greywater treatment and re-
cycling (no discharge). The difference is the implemen-
tation of water saving devices in wash hand basins.
This additional cost could be balanced by the lower
grey water volume to be treated (52% lower). The devel-
opment of low-cost efficient treatment technology is an
important issue for the application of a decentralised
approach.
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<« Figure1:
LOCATION OF JOUGGAR IN TUNISIA

ith the help of the Zer0-M Decision Support Sys-

tem, five different alternatives of wastewater

management in a small Tunisian village have

been designed. Advantages and disadvantages
of each alternative have been assessed through Multi
Criteria Analysis. The results show that the wastewater
reuse for agriculture can nowadays be considered as a
“conventional” component of water management in
Tunisia, but more sustainable solutions—such as
greywater separation—are considered too expensive
and could be accepted only when, among decision crite-
ria, water conservation is given a higher importance
than costs.

In order to decide the best water management solu-
tion in a given area, we need to estimate and compare
the effects of possible alternative choices. Multi Crite-
ria Analysis (MCA) provides a transparent and inte-
grated view of the effects of different alternatives,
based on all the relevant criteria the decision makers
want to take into account. At the same time Geographic
Information Systems (GIS) provide a powerful tool to
quicken the preliminary design of water management
schemes. Both MCA and GIS functionalities were inte-
grated in a computer aided Decision Support System
(DSS), developed within the Zer0-M project, that will
soon be freely available on the web (www.zer0-m.org).
The DSS has been tested to compare different possible
wastewater management schemes in a small rural
Village in Tunisia.

THE VILLAGE

Jouggar is a village of 800 inhabitants located in the
mountain region of Zaghouan (semi-arid climatic
zone), around 100 Km south of Tunis in Tunisia (figure
1). The village borders the “Jouggar aquifer”, animpor-
tant underground water reserve, that supplies water to
Tunis, through the Roman aqueduct.

RESUME

Aveclappui du systeme d’aide a la décision de Zer0-M,
cinq alternatives ont été congues pour la gestion de
I'eau usée dans une petite localité tunisienne. Les
avantages etlesinconvénients de chaque alternative
ont été évalués par une analyse multicritére en
combinant des critéres économiques, environne-
mentaux et sociaux. Les résultats obtenus montrent
que la réutilisation de 'eau usée en agriculture qui
fait partie du schéma conventionnel de gestion de
l'eau en Tunisie est dans les circonstances actuelles
la solution la plus adéquate. Cependant des solu-
tions plus durables, telles que la séparation des eaux
grises, sont encore considérées cheres et elles ne
peuvent étre acceptées que lorsque la notion de la
conservation de l'eau aura une importance
supérieure a celle de son cofit.
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The village is served by a water distribution net-
work and by asewerage system that collects most of the
wastewater (151 of 175 houses), except for the scattered
houses (figure 2) served by individual systems (septic
tanks). The main sewerage network of the villageis con-
nected to a constructed wetland. All the pipes, made of
compressed concrete, have a single diameter of
300 mm, determined “blindly” without previous stud-
ies: as a result the sewerage doesn’t work properly and
needs to be restored and partly replaced. The con-
structed wetland was designed several years ago, and
would need to be rebuilt according to amore advanced
technical design.

WASTEWATER MANAGEMENT ALTERNATIVES

To check the possibility to introduce innovative
SWM solutions in Jouggar’s water management sys-
tem, five different alternatives related to water and
wastewater management have been designed at a pre-
liminary-feasibility-stage: two more “conventional”
ones adopted centralized systems (with mixed or sepa-
rate sewers for black and white waters); other alterna-
tives were “decentralized”, including the in-house sep-
aration, treatment and reuse of black and greywaters.

All of the alternatives involve the complete rebuild-
ing of the sewerage network and of the treatment sys-
tem of the main cluster of houses (151 houses); the re-
use of treated water and nutrients for local agriculture
useis also envisaged for all the alternatives, even if this
is with different technical options which allow differ-
ent “reuse performances”.

To design the alternatives, the Zer0-M Design Sup-
port System was used: geographical information was
partly based on the “carte agricole”, an official spatial
database set up to support planning farming activity,
partly on information freely available on the internet
(google earth).

ALTERNATIVE 1

It is the most “conventional” solution: the main vil-
lage sewerage is rebuilt (mixed sewer gravity line) and
connected to a settler digester (primary treatment) dis-
charging into a hybrid constructed wetland (CW); scat-
tered houses are treated through smaller digesters and
wetlands or septic tanks and then wastewater is dis-
charged into the soil.

Due to the mixed sewer, during rain events over-
flow will be diverted before the WWT system and will
not be reused: no reservoir for the storage of water in
the rainy season is included. All sludge collected in the
primary systems (two septic tanks and two settler
digesters) is composted and reused for agriculture.

Outflow from all of the four WWT systems (except
for the evaporation fraction) is directly used for irriga-
tion from April to October. No rain water/greywater
storage systems are considered. No greywater reuse or
rain water collection systems are designed within the
users.

ALTERNATIVE 2

This alternative envisages the same general architec-
ture of alternative 1, but the sewerage system is de-
signed as two separated gravity lines, one for black and
greywater and the other for rainwater collection.
Thanks to the separated sewer, rain water is collected
and stocked in an open reservoir and used for irriga-
tion. In addition to this, outflow from the WWT system
(except from the evaporation quote) is also stored in the
reservoir and used for irrigation.

ALTERNATIVE 3

Eachhouse in the village has a rain water harvesting
system. Rain water is re-used within the house lower-
ing potable water demand. Greywater is collected,
treated and stored (in the same tank of rain water)
within the house and used forirrigation during the dry
season. Greywater treatment is carried out through
SBRs. No sewers are considered. Toilets are compost-
ing toilets with urine separation. Urine and composted
faeces are collected through a municipal service (once
every two weeks) and used for agriculture.

ALTERNATIVE 4

Alternative 4 differs from alternative 3 only in the
greywater treatment system adopted: roughing filters
instead of SBR.

ALTERNATIVE 5

This is an intermediate solution between alternative
2 and alternative 4: every house has arain water harvest-
ing system and greywater treatment (through a rough-
ing filter) and reuse. Only black water from toilet flush-
ing will be collected and treated in WWT plants.

SUSTAINABLE WATER MANAGEMENT 2-2008

4« Figure2:
EXISTING
SEWERAGE SYSTEM
IN JOUGGAR,
TUNISIA

<« Figure 3:

AN EXAMPLE OF
THE USE OF GIS
TO DESIGN
ALTERNATIVES




MULTICRITERIA ANALYSIS FOR WATER AND WASTEWATER MANAGEMENT IN SMALL RURAL AREAS GIULIO CONTE

ALT 1 ALT 2 ALT 3 ALT 4 ALT 5 terms of values of the different indicators. To allow the
" \ comparison of heterogeneous criteriaamong the differ-
Sewer Mixed | Separated o sewer o sewer only BW ent alternatives a further step was carried out: the nor-
(composting toilet) | (composting toilet) .. . 1. .
. . = malisation of indicator values, in order to convert them
O Centralized | Centralized | Individual, only | As for ALT 3, .treat BW centr.CW, onto the same scale, comprised between 0 (worst
(CW) (CW) Greywater, SBR | by roughing filters | GW as ALT 4 possible value) and 1 (best possible value).
Rain Vs Yes Yes Yes
harvesting No (clentdral— (indiv.) (indiv.) (indiv.)
1260) RESULTS
LD No No Yes Yes Yes )
reuse The results of the analysis are shown through the
Wastewater “evaluation matrix” (table 2) expressing the perfor-
Yes Yes Yes Yes Yes . i S
reuse mance of each alternative, in relation to each criterion.
BW: Black water, CW: Constructed Wetlands, GW: Greywater Looking at the table one can immediately notice that
the best alternatives to reduce the amount of water
A Table1: needed are 3, 4 and 5, but alternative 3 is also by far the
syNTHESIS OF THE MULTICRITERIA ANALYSIS most expensive in terms of investment, while alterna-
FIVE ALTERNATIVES tives 4 and 5 require high operation and maintenance
DEVELOPED To compare the “performance” of the five alterna-  costs.
tives, a set of criteria have been addressed, taking into The results given in table 2 are not sufficient,
account economic aspects (investment and manage-  though, to compare the whole alternatives and take a
ment costs), environmental ones (the amount of water decision:infact, notall the criteria have the sameimpor-
Y Tuble2- used, pollution produced, impacts on landscape, level ~ tance for the decision maker. To translate this into the
“EVALU ATi OoN of nutrient reuse) and socio-cultural (technical feasibil- ~ decision process we need to assign a weight to each cri-
MATRIX” REPRE-  ity, acceptability) ones. terion according to its importance.
SENTING' THE Each criterion was measured through an appropri- Within the Jouggar case study analysis, it was de-
NORMALISED ateindicator (quantitative or qualitative) and anestima-  cided to simulate this last step by adopting two differ-
VALUE OF EVALUA- tionwasdonetopredicttheeffectof eachalternative,in  ent approaches: the first is the classical approach giv-
TION INDICATORS ing more importance to the economic aspects; the sec-
CORRESPONDING ond is the approach, promoted by Zer0-M, giving spe-
T0 THE ANALYSED ALT1: ALT 2: ALT 3: ALT 4: ALT 5: cial importance to the volume of water extracted from
ALTERNATIVES mixed sewer  separated Ter-M  Ier0-M (irick-  separated the source (i.e.: taking into account the need to protecta
Sewer (SBT) ling) plus reuse scarce resource for the future, even though the recog-
T T nised economic value of it does not yet reflect this
extracted per person ' ' ' ‘ ' need). )
Flow of water available These two approaches are reflected by different
for irigation 0.28 0.70 0.21 0.21 0.18 weights given to each criterion (table 3).
D 081 081 094 094 061 4 Table 3:
: WEIGHTS GIVEN TO EACH CRITERION
Ensray smployed 003 003 099 100 051 ACCORDING TO THE TWO DIFFERENT =
(per ors) APPROACHES: ONE FAVOURING THE S8
Quality-pressure on 1.00 1.00 .00 100 100 MINIMISATION OF COSTS, THE OTHER 2z 8
Sinks THE “SUSTAINABILITY”, I. E. THE ES 5
Landscape quality MINIMISATION OF THE USE OF Es5 ES
(worsened or improved 0.50 0.50 0.50 0.50 0.50 RESOURCES =2 ==
by the project)
Local Mastering of Total water flow extracted per person 10 6
: 1.00 1.00 0.50 0.50 1.00
technologies adopted Flow of water available for irrigation 2 B
Socio-cultural acceptabil- Degree of nutrients reuse (N, P) 4 4
ity of solution adopted 100 100 000 0o 100
- Energy employed (per person) 4 4
:‘I:'I'us;u“u"ifnes smill) 1.00 0,50 0.50 050 1.00 Quality-pressure on sinks 45
Present (discounted) Landscape quality (worsened or improved by the project) 4 5
value of total costs 1.00 0.88 0.00 0.63 0.86 Local mastering of technologies adopted 0 1
(all technical options) Socio-cultural acceptability of solution adopted 0 8
Investment costs Nuisancs (mosguitoes, smell 6 4
(all technical options) 1.00 087 0.00 063 083 (_ ! )
e Present (discounted) value of total costs 6 9
gration ano maintenance
(S&M) costs per year 100 0.98 0.91 0.00 0.03 Investment costs (all technical options) 6 9
(all technical options) Operation and maintenance (0&M) costs per year 7 10
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ALT1:  ALT2: ALT3: ALT4: ALTS: Weights = Changes %
mixed  separated  Zer0-M Zer0-M  separated foralt1to  of change
sewer sewer (SBR)  (trickling) = plus reuse be the best  required
Min. use of Total water flow extracted per person 0.189 0.166 12%
;esnun:[;ls 0.70 0.64 0.63 0.66 0.12 Flow of water available for irrigation 0.038
|1.|1Tua|: Degree of nutrients reuse (N, P) 0.076
Minimum
cost 0.79 0.77 0.48 0.51 0.71 Energy employed (per person) 0.075 0.033 50%
approach Quality-pressure on sinks 0.075
A Tubled: Landscape quality (worsened or improved by the project) 0.076
RESULTS OF THE MULTICRITERIA ANALYSIS Local mastering of technologies adopted 0.000
ACCORDING TO THE TWO APPROACHES Socio-cultural acceptability of solution adopted 0.000
Nuisance (mosquitoes, smell) 0.113
After the weighting of each criterion according to Present (discounted) valug of total costs 0113 0.256 56%
the two different approaches, and aggregating single Investment costs (all technical options) 0.113 0.256 56%
valuesinto a whole performance index, twonew evalu- | Operation and maintenance (0&M) costs per year 0.132 0.151 14%
ation matrixes were produced: the resulting final
scores are shown in table 4. A Tuble5:
According to the minimum use of resources ap- RESULTS OF
proach alt 5 shows the best performance, with the high- MINIMUM COST APPROACH SENSITIVITY
est value of the performance index, and alt 1 has the sec- ANALYSIS
ond highest index, which is very close to the alt 5's one. As shown in table 6, the “classical” alternatives  (MINIMUM USE
According to the “classical” approach, the “conven-  have the highest performance values, being alt 1 ~ OF RESOURCES
tional” alternatives (alt 1 and alt 2) have the best perfor-  (mixed sewer) the bestone, followed by alt2 (separated ~ APPROACH)
mance, being alt 1 (mixed sewer) the best one, followed  sewers). The three alternatives with “innovative” as-
by alt2 (separate sewers). The three alternatives with “in-  pects have the lowest performance; alt 5 is the highest
novative” aspects have the lowest index; alt 5isthehigh- ~ ranked, with an index value closer to alt 1 and 2 than to
est with an index closer to alt 1 and 2 than to alt 3 and 4. alt3and 4. In this section we are going to see which crite-
ria could influence the ranking, shifting alt 5 from the
third position to the first, and which weight should be
SENSITIVITY ANALYSIS given to doing so.
Only three criteria could change the ranking: total
The sensitivity analysis is a kind of “final check” of ~ water flow extracted per person, energy employed (per
the whole process, in order to judge how “robust” the ~ person), and operation and maintenance (O&M) costs
choice is which results from the analysis. Itis required ~ per year. To determine this change, the following varia-
to understand whether a slight change in the weights  tions are needed: 62% decrease in the weight of thelast 'V Table 6:
given could change the final ranking and lead to the se-  criterion, 122% increase in the weight of the firstone, or ~ RESULTS OF
lection of a different alternative. 304% increase in the weight of the second one. The re- ~ SENSITIVITY
maining criteria have no influence whatever the  ANALYSIS
weight given. (CLASSICAL
MINIMUM USE OF RESOURCES APPROACH APPROACH)
As shown in table 4, alt 5 has the best ranking with Weights = Changes %
the highest index and alt 1 has the second highest in- foraltato of change re-
dex, whichis very close to the alt 5’s one. In this section be the best guired
we determine which criteria and which corresponding Total water flow extracted per person 0.078 173 122%
weight could change the ranking between alt 5 and alt Flow of water available for irrigation 0.078
1, so that alt 1 would be the best one (table 5). Dagrae of Hutrients reuse (W, P) 0.05
Only five criteria could influence the ranking chang- ’ '
ing the weight given: total water flow extracted per per-  EN6rgy employed (per person) 0.052 0210 304%
son, energy employed (per person), present (dis- | Quality-pressure on sinks 0.065
counted) value of total costs, investment costs (all techni- | andsgape quality (worsened or improved by the project)  0.085
cal options), operation and maintenance (O&M) costs Local mastering of technologies adopted 0.091
per year. A decrease of 12% in the weight of the first crite- - — : :
rion, or a 14% increase in the weight of the last criterion Socio-cultural acceptability of solution adopted 0.104
are enough to determine a change in the final ranking, Nuisance (mosquitoes, smell) 0.052
by which alt 1becomes the best. For the other three alter- | prgsent (discounted) value of total costs 0.117
natives a variation of more than 50% is needed to induce . .
the same shift in the ranking. The other criteria have no Investnllem uosts .(a” technical options) 0T
influence whatever the weight given. Operation and maintenance (0&M) costs per year 0.130 0.050 62%
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RESULTS OF THE STUDY

Looking into the results of the case study analysis,
we can underline a few aspects. First of all, we have to
consider that even the most “conventional” alternative
analysed (alt 1) has an important environmental fea-
ture, thereuse of treated water for agriculture, that pres-
ently appears to be the most important aspect that can-
not be renounced. Given that there will be a productive
use of wastewater, in the absence of particular reasons
to reduce the amount of water available—e.g. the evi-
dence that the groundwater layer is decreasing—it is
reasonable that cost-effectiveness guides the choice of

MULTICRITERIA ANALYSIS FOR WATER AND WASTEWATER MANAGEMENT IN SMALL RURAL AREAS GIULIO CONTE

the best solution. And this solution appears to be the
classical centralized option. This is due mainly to the
high costs of single household decentralized solutions,
which suffer from alack of large scale cost reductions.

However, even when using the conventional rank-
ing approach (costs as most important choice criteria),
the simple decentralized greywater treatment and re-
use solutions (alt 5) are not very far from showing the
best performance: this means that a slight improve-
ment in the cost effectiveness of such technologies
could in the near future significantly raise the interest
in their application.

ANNOUNGEMENT

he 1t International Conference Water Efficiency in Urban

Areas in Wiirzburg, Germany, January 29%/30t, 2009 is a

non mainstream international conference aiming at the

global challenges regarding sustainable drinking water sup-
ply and wastewater management in urban areas. To cope with
the challenges, fresh thinking and an integrated approach is re-
quired to cover a wide portfolio of measures toimprove water ef-
ficiency ranging from urban planning, to architecture, to water
resources management and water treatment technologies. An
exhibition will round off the conference.

THETOPICS OF THE CONFERENCE ARE:

. Climate Change - Boundary Conditions
. Planning/Strategy

. Technical Options

. Economics/Finance

. Implementation of Strategies

CONFERENCE FOCUS:

On the interface between energy and water

Ul s WO N =

International Conference

Water Efficiency

Socio Economics

Integrated systems for large buildings or residential areas
Know-how Transfer

® Water Reuse - Which quality of water for what?
1 ® Increase of water efficiency
In U r b a n A re a s ® Water management
. ® Water purification
Concepts, Technologies, @ Urban planning
[ ]
([ ]

YOU WILL MEET:

Planners housing industry, urban planners, architects, utili-
ties, waste water administration unions, engineers and scien-
tists active in the field of water efficiency, politicians, building
technicians, consultants, other attendees.

The two-day programme for this conference will comprise of
invited oral presentations and posters.

Posters areinvited on the above topics. Each poster presenter
will get 3 minutes to present the highlights of his project the ple-
num. Deadline for Submissions of Abstracts: June 13t, 2008

Wiirzburg, Germany
Thursday, January 29", 2009
Friday, January 30'*, 2009

THE CALL FOR POSTERS AND FURTHER
INFORMATION ARE AVAILABLE AT:

www.otti.de http://www.otti.de/pdf/wea3091.pdf
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<« Figure1

WATER MANAGEMENT AND MEMBRANE
TECHNOLOGIES

In practise the sustainable water management con-
cept is based on collecting and treating the different
wastewater flows. Separation is done to optimise the
potential for reuse. Otterpohl et al., 1997, 1999 re-
ported four different qualities of wastewater at house-
hold level such as black water, grey water, rainwater
and non-biodegradable solid waste.

Greywater is defined as household wastewater com-
ing from bathtubs, showers, hand washing basins and
washing machines. Wastewater coming from the
kitchen is also included as a greywater resource in
some of the cases (Nolde E., 1999). If we measure the
water use in a house, it is clearly seen that water use in
bathtubs, showers, washing machines and hand wash-
ing basins composes most of the water consumption in
ahouse. In other words grey water is the largest stream
in the amount of total household wastewater by about
65 - 70% (Henze M., 1997). Compared with domestic
wastewater, lower organic matters and fewer patho-
gens are found in greywater. If properly managed,

RESUME

UTILISATION DES BIOREACTEURS A
MEMBRANE DANS LE CONCEPT DE
GESTION DURABLE DES EAUX

D’apres la récente approche décentralisée, la
gestion durable des eaux est considérée comme
étant la solution aux problemes liés a I'eau. Dans ce
contexte, la division des eaux domestiques en eaux
grises, noires et jaunes joue un role majeur. Les
bioréacteurs a membrane, qui présentent plusieurs
avantages par rapport aux méthodes de traitement
conventionnelles dites a boues activées ou autres
procédés biologiques, sont de plus en plus utilisés
enraison de leur caractére compact ainsi que de leur
haut degré d’efficacité. Les bioréacteurs a mem-
brane servent également au traitement avancé des
eaux grises et noires a des fins de réutilisation
notamment. Plusieurs enquétes sont en coursen vue
d’améliorer cette technologie et de I'adapter aux
différentes situations. Ce document traite d’un
bioréacteur a membrane installé et fonctionnant a
long terme pour le traitement et la réutilisation des
eaux grisesa TUBITAKMRC. Les eaux grises faisant
l'objet de cette étude ont été produites par des habita-
tions. Les résultats ont révélé que 96% de DCO, 92%
de nitrogene total, 99% de particules totales en sus-
pension et 100% de bactéries coliformes totales et
bactéries coliformes fécales étaient atteignables. Les
eaux traitées peuvent étre réutilisées a diverses fins.
Dans le cas présent, elles ont été réutilisées pour
l'irrigation de terrains. Le travail expérimental a été
réalisé dans le cadre du projet Zer0-M.
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greywater can be reused for various purposes such asir-
rigation, flushing toilets etc. and has the advantage of
being less polluted.

Freshwater demand increases as the population in-
creases. Furthermore pollution and the ineffective use
of water resources increase the stress on water re-
sources. Moreover, water resources are not scattered
equally and the water scarcity is an urgent problem in
some parts of the world. Most countries in the Near
East and North Africa suffer from acute water scarcity,
as do the countries of Mexico, Pakistan, South Africa,
and large parts of China and India. It is also empha-
sized that irrigation is usually first affected by water
shortage and as aresult food production per capita will
be decreased in these countries (UN, report, 2006). It is
necessary to develop new concepts and technologies to
solve the water scarcity problems of today and tomor-
row in accordance with the sustainable development
and millennium development goals.

Treated wastewater reuse can contribute tolarge sav-
ingsin water from water resources. It can be considered
as an important water source especially in urban and
suburban areas. A drinking water quality is not re-
quired for all kind of uses and drinking water should
notbe used for toilet flushing for the effective use of wa-
ter (Otterpohl R., 2003)

Recently Membrane Bioreactors (MBR) have been
gaining in popularity for greywater treatment because
of their compactness and superior water reuse poten-
tial due to the complete disinfection achieved by the mi-

Membrane material | PEC (Polyelectrolyte Composite)

Nominal pore size | 0.4 ym

Membrane area, m 5
Number of membranes | 12

Resistance - pH range 1.5 to 10
Resistance - H,0, (NaOCL) | 3000 - 5000 mgL " (normal: 500 mglL™")
Resistance - temperature < 50°C

Resistance - pressure | 98 mbar - 294 mbar (normal: 98 mbar)

cro- or ultra-filtration membranes (Lesjean and
Gnirss, R., 2006, Rosenberger S., et al., 2002, Melin,
T.,2006).

Activated sludge processes are commonly used for
the removal of the organics and nutrients from
wastewaters. Conventional activated sludge processes
(CAS) consist of abiological reactor where biological re-
actions occur and a sedimentation tank where the acti-
vated sludgeis separated from the treated water phase.
Hence, the satisfactory treatment cannot be accom-
plished without the effective separation of activated
sludge from the water phase. A Membrane Bioreactor
(MBR) is the combination of the activated sludge and
membrane processes. A membrane in MBRs provides
the separation of activated sludge from the treated wa-
ter phase. The biomass retains in the reactor and sludge
recycle is not needed in MBRs. Some of the advantages
of membrane bioreactors are a good effluent quality
with high hygienic standards, the biomass concentra-
tion is as high as possible, a reduced reactor volume,
smaller footprint and reduced net sludge production
(Jefferson, B., 2001 Melin, T.,2006). However, an MBR
requires a high aeration rate to prevent clogging of the
membrane pores and the energy requirements of
MBRs are higher than at CAS.

The basic scheme of the conventional activated
sludge process and the membrane bioreactor processis
giveninfigure 2. Asseenin the figure, the MBR configu-
ration is simple compared with the CAS.

MBR OPERATIONS IN TUBITAK-MRC

Pilot scale submerged membrane bioreactor units
were installed in the Training and Demonstration cen-
ter (TDC) and operated to treat greywater generated
from the lodging houses of the TUBITAK MRC Cam-
pus. The training and Demonstration Center is de-
signed and operated within the context of the Euro-
pean Union funded Zer0-M project (Baban A. et al.,
2005, Regelsberger M. et al., 2007). The center con-
sisted of various applications of decentralized
wastewater treatment and reuse alternatives. Among
these, greywater treatment with different technolo-
gies, such as CW, SBR, RBC and MBR is being investi-
gated. The results of grey water treatment by a pilot
scale MBR for the reuse purpose is discussed in this
article.

Raw greywater used in the study was collected from
lodging houses of TUBITAK MRC Campus. Two lodg-
ing house buildings, comprising 28 apartments, were
connected to aholding tank. The holding tank serves as
astorage tank and coarse matter separator for pretreat-
ment with 6 and 3 mm screens. The water originates
from the 17 people permanently living here and the
people temporary living in 11 guest apartments.

The study was carried out operating a pilot scale sub-
merged MBRinstalled on the site. The effective volume
of the reactor is around 600 L. KUBOTA’s plate and
frame membrane module, having 0.4 micron pore size
was used. The properties of the membrane are given in
table 1below. The module is placed in the biological re-
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A Figure3:
MEMBRANE MODULE

actor; the membrane accomplishes treated water and
biomass separation.

Membrane module is shown in the picture given be-
low (figure 3).

The MBR is controlled with a PLC. An air blower
supplies air to the MBR. Coarse and fine bubble mem-
brane diffusers are used to provide air for the biological
reactions and membrane air scour. Coarse bubble air is
used for the membrane scour and it provides cross flow
filtration on the membrane. figure 4 shows the fine and
coarse bubble aerations.

The MBR was operated in batches, which means fill-
ing; reaction and discharge phases were applied se-
quentially. Four cycles were set for the MBR operation.
Ahigh energy consumption is one of the drawbacks of
the MBRs. Batch aeration was applied as 50 minutes air
break and 10 minutes aeration when the level is low in
the reactor to reduce the energy consumption.

Usually a pump is not necessary for the separation
of permeate for the plate and frame membrane type
modules. The necessary transmembrane pressure
(TMP) difference is applied by the water head above
the membrane. The average TMP was about 120 mbar.

Greywater samples were taken under mixing condi-
tions from the holding tank after the screen. All of the
analyses for a conventional characterization were per-
formed as defined in Standard Methods (APHA,
AWWA, WPCP, 2005).

M This study M Nolde et al.

Concentration, mg/L
300

250

200

150

100

50

Total COD Total SS

Parameters

BOD:

RESULTS AND DISCUSSION

The greywater fed to the MBR showed the typical grey-
water characteristics with an average COD of 270 mgL.
Total and fecal coliform was measured as around
14,000 and 4,000 per 100 mL respectively. The average
conductivity was 525 pscm. The results of the charac-
terization study of greywater are shown in figure 5 as
average concentrations of the conventional pollutants.
The BOD;/COD ratio of the greywater was around
0.41, which is slightly lower than the ratio of 0.44 given
in the literature for domestic wastewater (Metcalf and
Eddy, 2003). The difference can be explained with the
higher concentration of soaps and detergents in
greywater, which are known as slowly biodegradable.
The total phosphorus concentration of the greywater
was also high compared to the literature values indicat-

B Regelsberger et all. Almeida

Concentration, mg/L
14

12

TKN NH4-N Total P
Parameters (PO4-P for Nolde and Almeida)
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» Figure6:
RAW GREYWATER
AND EFFLUENT OF
THE MBR = >
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i
ing that phosphorus rich detergents and soaps were
used in the apartments (Henze M., 1997).

One of the drawbacks of the MBRs is the decrease in
flux, which is an indicator of the clogging. During the
first 50 days of operation, the average permeability was
around 280 Lm2h'bar! and dropped to 125 Lm?h 'bar™
in the following 140 days.

The MBR was operated at various temperatures
from 8 to 28°C. However there was not a significant dif-
ference in the effluent quality of the reactor and a satis-
factory performance was attained under various
temperatures.

EVALUATION OF EFFLUENT QUALITY IN
TERMS OF REUSE

BOD; was almost completely removed in the reac-
tor; the average BODj5 concentration in the effluent was
less than 5 mgL!. Average total COD concentration in
the treated effluent was about 11 mgL!, corresponding

V Table 2: toanoverall COD removal efficiency of 95%. TSSwas al-
EFFLUENT most completely removed; The TSS concentration in
QUALITY OF THE the treated effluent was less than 2 mgL-!. The hygienic
GREYWATER performance of the reactor was good, no total coliform
TREATMENT BY and fecal coliform was detected in the effluent. The in-
MBR IN TERMS fluent and effluent appearance is shown in figure 6.
OF REUSE
EPA Suggested Guidelines :
Parameters Effluent for water reuse, 2004 Turkey
Urban | Agricultural | Agricultural | Irrigation
Reuse reuse* reuse**
B0D;, mgL”! <5 <10 <10 <30 <100
Total COD, mgL” 1 NA NA NA NA
1SS, mglL ™! <9 <5 <5 <30 <45
Turbidity, NTU 03 NA NA NA NA
Tot. Goliform./100 mL 0 NA NA NA NA
Fecal Goliform./100 mL 0 ND ND <200 <100

1 Water Pollution Control Regulation (WPCR)
NA: not available, ND: not detectable

The effluent quality of the greywater treatment by
MBR in terms of reuse is presented in table 2.

The result of this experimental study showed that
the effluent quality of treated greywater by the MBR
complied with the reuse criteria for different purposes.

CONCLUSION

The submerged membrane bioreactor was verified
to be appropriate for greywater treatment at a variable
temperature with the purpose of reuse in the content of
asustainable water managementapproach. Averagere-
moval efficiencies of greywater treatment by MBR
were 96% for COD, 92% for Total Nitrogen and higher
than 99% for TSS. The effluent was free of total and fe-
cal coliform. The results showed that the MBR technol-
ogy can be an alternative to the greywater treatment
and treated water can be reused for different purposes.
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LET'S TALK ABOUT THE
SANITATION SCANDAL!

PRESS STATEMENT
World Water Day 2008 / 20 March 2008

“The International Year of Sanitation as well as the World Wa-
ter Day are a unique opportunity to openly discuss a silentscan-
dal that costs the lives of thousands and that affects the lives of
billions every single day in a way, people in the industrialised
countries cannot even imagine. If as many people were killed
in wars or accidents everybody would be outraged. Politicians
would not dare to ignore the causes of this violation of the pub-
licpeace.”, Dayanand Panse from the Indian Water Works Asso-
ciation one of the SuSanA partners summarises: “We have to
use this opportunity, talk about sustainable sanitation and its
benefits for society and environment and finally make a

change.”

ince 2008 is the International Year of Sanitation, this year’s

World Water Day is dedicated to sanitation. But why should

we focus on human excreta and wastewater when billions of

people are still without access to safe drinking water? Isn’t
sanitation the problem of lower priority?

Itisnot, according to Christine Werner, head of the German de-
velopment programme on ecological sanitation and one of the co-
ordinators of SuSanA. “Sanitationisin fact one of the majorissues
of our time, and its importance cannot be overstated,” she says.
“It was not without reason that sanitation was elected the most
important medical milestone in a survey of the British Medical
Journal in 2007. Protection against health hazards is invariably
the best way to improve population health.”

SUSTAINABLE SANITATION ALLIANCE

Still 90% of sewage and 70% of industrial waste in developing
countries are currently being discharged into watercourses un-
treated — often polluting the available water supply. Water-re-
lated diseases kill more than 2 million people every year, whichis

more than ten times the number killed in wars. They take a child’s

life every fifteen seconds. Today around 2.6 billion people do not

have access to a decent, safe and environment-friendly sanita-
tion system.

Arno Rosemarin from the Stockholm Environment Institute,
which is also apartner of SuSanA: “Sustainable sanitation not
only protects human health but also the environment and natu-
ral resources. And, appropriately managed, sanitation systems
can also contribute to food security and increased income, for ex-
ample if the nutrients in human excreta are used as fertilisers af-
ter adequate treatment. Many appropriate low-cost solutions are
athand.”

Poverty reduction, health, protected ecosystems, clean drink-
ing water, biogas, more food — all of these could be gained by sus-
tainable sanitation. However, sanitation rarely receives the re-
quired attention and is given low priority by politicians and civil
society alike.

For improving the global sanitation situation, it is not enough
to provide more toilets only, but also to ensure the safe collection,
treatment and reuse or disposal of human excreta and
wastewater. The SuSanA partners therefore stress that certain ba-
sic principles should always be met, when sanitation systems are
planned and implemented. The “Bellagio Principles” for exam-
ple call for a planning and implementing approach that puts hu-
man dignity, the quality of life and environmental security in the
centre, and which stands in line with good governance princi-
ples. Waste should be considered a resource, and its manage-
ment should be holistic and be part of an integrated water re-
sources management scheme. Finally, the domain in which envi-
ronmental sanitation problems are resolved should be kept to a
minimum practicable size (household, neighbourhood, commu-
nity, town, city) and decision-making should involve participa-
tion of all stakeholders, especially the consumers and service pro-
viders.

FOR MORE INFORMATION, VISIT THE FOLLOWING
WEBSITES:

www.sustainable-sanitation-alliance.org
www.sanitation2008.org

The overall goal of the SUSTAINABLE SANITATION ALLI-
ANCE (SuSanA) is to contribute to the achievement of the Mil-
lennium Development Goals by promoting sanitation sys-
tems which are taking into consideration all aspects of
sustainability. The MDGs and the UN’s “International Year of
Sanitation 2008” are focal points of the SuSanA as they pro-
vide a broad base to put sanitation higher up on the political
agenda.

The main focus of the work of the “Sustainable Sanitation Alli-
ance” is it to promote the implementation of sustainable
sanitation systems in large-scale water and sanitation pro-
grammes.

SuSanA is an informal network of organisations working
along towards a common goal. Participation is open to those
who want to join and be active in the promotion of sustainable
sanitation systems.
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AN OVERVIEW FOR THE TECHNICAL AND DEMONSTRATION CENTRES OF THE ZERO-M PROJECT

By AHMET BABAN, LATIFA BOUSELMI, BOUCHAIB EL
HAMOURI and HUSSEIN ABDEL SHAFY*

Water scarcity plays a vital role with regard to our socio-economic

life and in all cases for the development trend of the countries. Sev-
eral innovative approaches have been tried or proposed to solve the

water-related problems. Along these lines, Sustainable Water Man-
agement (SWM) practices were investigated, implemented and oper-
ated to a large extent within the context of the Zer0-M Project.
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<« Figure1:
TREATED GREY WATER USED FOR IRRIGATION
(TUBITAK MRC EXPERIMENTS)

he basic idea was the development of an inte-
grated approach for Mediterranean SWM practices
through the operation of several technical options
(TOs) in Technical and Demonstration Centers
(TDCQ) in four different Mediterranean countries:
Egypt; Morocco; Tunisia and Turkey. The overall goal
was to attain a conceptual assessment of several TOs,
their modifications to adopt local conditions to im-
prove efficiencies and to make innovative develop-
ments. Furthermore, the other achievements through-
out the study may be summarized as
® enhancing collaboration,
® sharing the implementation results,
® working on common problems with regard to set-
ting up the systems and the problems encountered in
the operation phases,
® assessment of regional distinctions on the basis of
several parameters such as the water usage, waste-
water flows and characterizations for segregated
streams,
® adiscussion of possible solutions,

Les outils d"une gestion durable de I'eau (SWM) ont
été largement étudiés et mis en application dans le
contexte du projet Zer0-M. L'idée fondamentale est
le développement de l'approche intégrée pour une
application a I'échelle méditerranéenne de SWM
par lamise en place de plusieurs options techniques
(TOS) aux centres techniques et de démonstration
(TDC). Le principe du TDC est basé sur la ségré-
gation des eaux usées en grises, noires et parfois
jaunes et de les considérer comme une source d’eau
et non un déchet. La collecte des eaux de pluie en
vue de recyclage est aussi envisagée. Parmi les TOs
mis en place, le réacteur anaérobique a deux étapes
(TSUARSs), une combinaison de différentes zones
humides (CWs), réacteurs biologiques membra-
naires (MBRs) et réacteur biologique séquentiel
(SBR). Le choix de la technologie est fonction de la
qualité de I'eau et de 'objectif de réutilisation.

Les options de réutilisation mis en place sont
plusieurs tel quel’utilisation des eaux grises traitées
pour alimenter les chasses d’eau, les machines a
laver le linge et/ou l'irrigation d’espace vert. Les
eaux noires traitées, riches en nutriments, sont
utilisées principalement pour ce dernier objectif.
Les eaux jaunes contiennent des fertilisants solu-
bles. Les eaux de pluie peuvent étre recyclées dans
les chasses d’eau ou servent a alimenter une douche

L'expérience obtenue a partir des TDCs aindiqué
que le concept de SWM peut étre appliqué avec
succes par l'utilisation de plusieurs TOs. En plus,
l'approche appliquée aux TDCs développe une
gestion responsable de ressources rares. Un cycle de
formation basé sur les TDCs est en cours pour un
effet multiplicateur.
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» Figure2:
GENERIC
ILLUSTRATION OF
THETDC CONCEPT
FOR TREATMENT
AND REUSE

® further modifications onaconceptual or technologi-
cal basis through the long-term simultaneous experi-
mental study of the approach in various regional loca-
tions and cultures.

TDC DESCRIPTION AND OVERVIEW
OF OPERATIONAL EXPERIENCES

The application of the concept tolocal water manage-
mentonawidescalerequires the adaptation and the de-
velopment of powerful technologies of water treat-
ment. The principle of the TDC operations was based
on the segregation of grey water, black water, some-
times yellow water and their reuse respectively. Hence,
wastewater is considered a useful product after being
treated satisfactorily.

The collection and reuse of rain water was also uti-
lized as an alternative innovative resource for TDC de-
sign. The rain water could also be utilized for toilet
flushing purposes. A reduction in water consumption
was achieved using several water saving devices. In ad-
dition to that, various types of toilets, including com-
posting toilets, urine separation toilets and waterless
urinals were employed. The reuse options for the
treated wastewaters were flushing the toilets with
treated water, the irrigation of green zones and the re-
use of nutrients from nutrient-rich urine or using
wastewater treatment sludge as compost. Anaerobic
treatment processes were used for mainly black water
treatment and the biogas produced was intended to be
exploited for heating purposes. Hence, the applied sus-
tainable measures experimentally set-up and assessed
in the TDC’s of the four partner countries cover a wide
angle, from the low cost, easily applicable technologies
to the highly sophisticated advanced treatment or ter-
tiary treatment devices. In this context, a conceptual di-
agramillustrating some of the TOs for treatment and re-
use in general is given in figure 2.

The TDCs were utilized for demonstration and train-
ing purposes as well as research activities. The results
were continuously exchanged between the partner or-
ganizations in a collaborative way. Technical discus-
sions on the results were carried out and in accordance
with the discussions modifications were made on the
operational parameters, sampling and analysis strate-
gies and test methods. These issues were thought to
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help the development of an integrated SWM concept
via technical, social and economic means.

WASTEWATER SEGREGATION

Wastewater generated from the settlement areas or
buildings of each TDC was segregated to grey, black
and yellow water parts (for some cases). Among the
components grey water has received extensive atten-
tion due to the high volume discharges, relatively easy
treatment methods as well as the high potential for re-
use. In the conceptual design of the TOs to be tested
these features of grey water generated from the partner
countries are to be taken into account. Hence, during
the implementation and assessment phase of the pro-
ject, agreatnumber of the TOs were devoted to the grey
water treatment and reuse alternatives. This issue and
the results were discussed among the partners exten-
sively. Treated grey water was used for flushing and/or
theirrigation of green areas.

EXPERIMENTED TECHNICAL OPTIONS

Whereas, for the black water treatment and reuse
Two Stage Upflow Anaerobic Reactors (TSUARs), vari-
ous types of constructed wetlands (CWs) and Mem-
brane Bio-reactors (MBRs) were among the TOs tested.
The technology employed for the black water generally
focused on energy production and recycling therich or-
ganic content of black water and other excess sludge
generated from the biological processes. It was in-
tended to obtain valuable products in the form of com-
postand to achieve biogas with a high methane content
out of anaerobic digestion processes for energy recov-
ery to be further utilized in the form of heating or elec-
tricity generation purposes. The treated black water is
utilized only for landscape irrigation purposes.

A comprehensive characterization was made for the
segregated wastewater components. In addition to
that, the performance of each TO was monitored. For
this purpose, composite samples were taken from influ-
ent and effluent streams of TOs on a weekly basis. The
monitored parameters were COD, BODs, pH, SS, TN,
NH,*, NO,, NOy, P, turbidity, color, total and feacal
coliform, conductivity and alkalinity. Furthermore, the
operational parameters such as the sludge characteris-
tics of the biological treatment systems (mixed liquor
suspended solids, MLSS, and mixed liquor volatile
suspended solids, MLVSS) were closely monitored.

For some of the cases, yellow water segregation and
reuse and nutrient recovery from yellow water was
also investigated as a TO. In this field, the separate col-
lection of yellow water by means of waterless urinals.
The collected yellow water was stored and kept in con-
tainers for further utilization as a valuable soil fertil-
izer. In this case, a comprehensive characterization for
yellow water, as well as the change in characterization
as a function of storage time was monitored. Investiga-
tions are still being carried out with regard to the use of
zeolites and diluting the yellow water to determine the
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efficient way of applying recycled yellow water as a
valuable fertilizer for various plantations.

Rainwater harvesting and reuse studies were also re-
searched in the TDCs. Rainwater was collected from
the roofs in the vicinity and stored. Vortex type filters
were utilized for the purpose of dirt separation from
the rainwater. Characterization studies on a seasonal
basis were carried out for the collected rainwater sam-
ples. In this case, along with the conventional parame-
ters, the heavy metal content of the rainwater collected
was also investigated. Heavy metals were thought to
be caused by the air pollution originating in the areas
with industrial activities. The microbiological content
of the rainwater samples was also measured to help de-
cide various reuse options. In general the collected and
reused rainwater was intended to be reused for toilet
flushing purposes, for cleaning purposes in washing
machines (under investigation) and for the purpose of
landscape irrigation during the dry seasons. However,
in Tunisia, filtered rainwater is used to feed one shower
as an experiment. This reuse possibility is well ac-
cepted by the users.

Apart from the treatment and water reuse systems,
several toilets were employed to cover the full range of
the SWM concept. Some of these toilet systems were uti-
lized also to test flushing with reused water. Further-
more, these toilets served as training materials during
the courses organized for the dissemination of the
SWM concept. Water consumption rates and segre-
gated wastewater components flows were measured
by different techniques. In this context it is worth men-
tioning the tipping bucket system installed for one of
the TDCs for the purpose of the accurate measurement
of flow rates for grey and black water discharges as a
function of the time of the day. Several water saving
equipments were used to assess the efficiency and con-
tribution to the SWM approach. Water consumption
was determined both with and without the usage of wa-
ter saving devices. Furthermore, for the purpose of the
detailed monitoring and assessment of the TOs, online
automatic monitoring and recording systems, such as
flow rate measurement for some individual equip-
ment, Oxidation Reduction Potential Control (ORPC),
trans-membrane pressure (TMP), pH and temperature
were implemented.

The data obtained was regularly uploaded in the
Zer0-M project web-site in the partners’area and aregu-
lar discussion was conducted among the scientists us-
ing communication facilities, skype meetings, exchang-
ing e-mails and frequently organized specific work
package meetings. An economic assessment of the TOs
was also made by collecting data during the opera-
tional phase of the TDCs. In this manner, it would be
possible to compare various TOs utilized for the
achievement of the SWM concept under different
conditions and operating in four countries.

OPERATIONAL EXPERIENCES — RESULTS

The shared results, so farimplicated that the TOs, de-
pending on the operational conditions and proper mon-

Type of wastewater TOs experimented in the TDCs

component/comments

o Series of constructed wetlands (CW)
in the form of horizontal flow (HF),
and free water surface systems (FWS),

o Planted gravel-sand filter,

Grey Water
Low in nutrient content,

Reuse

normally organic content is low | e Roughing filter, Toilet flush
compared to the composite o Sequential Batch Reactors (SBR), irrigation
domestic wastewater flow rate | @ Membrane Bio-reactors (MBR),
is high o Rotating Biological Contactor (RBC)

o Septic tank

o UV disinfection

o MBR

o Two Stage Upflow Anaerobic Reactor
Black Water (TSUAR)

. ‘ o (Ws in the form of HF and VF .
High in organic matter content, . o Irrigation
BNErgy FACOVBIY IS an option (vert‘mal flow) combinations

o Septic tank

o Sludge drying bed

o Compost bed
Yellow Water o Separate collection, storage (dilu- Nutrients
Rich in nutrients tion,physico-chemical treatment) addition

o Rainwater collection systems (roofs)
o Dirt separation filters
o Rainwater storage

Rain Water
Renewable source

Flushing, irrigation,
washing machines, show-
ering

itoring, comply with reuse criteria for several pur-
poses. The operations of the TOs are still carried out
and the relevant data is collected and relevant assess-
ments are made. The construction and operation expe-
riences for the systems are proving to be promising for
Mediterranean conditions so far. Especially, grey water
treatment TOs comply with reuse regulations
extensively.

Depending on the TOs employed, the pollutant
load, operational conditions, as low as 20 - 30 mg/L ef-
fluent COD, 2-4 NTU turbidity, 2 - 10 mg/L suspended
solids, 1-2 mg/L NH,;-N and 0 T. coliform/100 mL sam-
ple were obtained for the grey water TOs. For the black
water, this was as low as 40 - 60 mg/L. COD, suspended
solids of 2 mg/L and again 0 T. coliform/100 mL sample
were obtained. It should be noted that TSUARs used
for the pretreatment of black water also proved to be
quite efficient and very easy to operate. It should cer-
tainly be considered a sustainable and reliable option
for black water pretreatment. Some of the operational
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% Removal
100

90

80

70

60

COD/DCO TNK NH, Detergent

SUSTAINABLE WATER MANAGEMENT 2-2008

A Table1:
OVERWIEW
OFTOS

<« Figure3:
SOME
OPERATIONAL
RESULTS
OBTAINED FOR
GREY WATER TOS
(CERTE-TUNISIA
FEB. 2008)
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» Figure4:

GRAY WATER
TREATMENT
RESULTS BY SBR,
MBR AND CW
(IAV-MORROCO)
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results obtained for the TDC experiments are indicated
in figures 3 - 5.

TDCs ROLE FOR CAPACITY BUILDING

The TDCs were also used for the purpose of dissemi-
nating knowledge and experiments through the
courses organized during the project.

Hence, the implemented TDC over the project pe-
riod has demonstrated and proved several positive im-

% removal efficiency effluent conc. mg/I, Tcol. n/100ml

100+ - 50
. avg. % rem. 40
95 =O=avg. eff. conc.
30
90
+20
85+
+10
80+ +0
COD TSS NH, TN T.coliform
A Figure5:

BLACK WATER TREATMENT RESULTS BY MBR
(TUBITAK MRC-TURKEY)

pacts along with the technical developments. Among
them, it is worth underlining the following issues.

® Assessment of the feasibility of local water manage-
ment on the urban scale and the benefit on water sav-
ings and nutrient reuse thanks to the development of
adapted technologies.

® Development of research capacity to master imple-
mented technologies and tools in a local context and
gain experience for young research personnel.

® Dissemination of knowledge through courses orga-
nized for engineers, researchers, journalists, water and
environment enterprises and NGOs, increasing aware-
ness and concerns regarding SWM and the reuse. The
attendees of the courses visualize much better and un-
derstand comprehensively the concept as well as the
unique application areas thanks to the help from TDCs
in partner countries.

The expectations of the attendees with regard to the
dissemination activities, by making use of TDCs, were
always taken into account at the country level. These is-
sues are naturally relevant to the problems experi-
enced in the country. In this manner, TDCs were help-
ful for the point of awareness rising, discussions of the
problems and the development of conceptual solu-
tions. Since the target groups consist of people directly
involved in decision making, teaching, learning and im-
plementation activities, the multiple effect of the
attempts will be realized in the near future.

CONCLUDING REMARKS

The experienced obtained from the implementation
and operation of the TDCs revealed that the SWM con-
cept can be successfully accomplished by the use of sev-
eral TOs. Close and fruitful collaboration between the
partners was especially very useful for the point of im-
proving the operational conditions of the TOs, the as-
sessment of the results and making modifications to
comply with local conditions. The teamwork among
the partners included the evaluation of the situation,
the assessment of the problems, the evaluation of social
economic and environmental issues, in accordance
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with these issues the selection of the TOs to be imple-
mented, the collaborative design of the TOs, working
together on the construction work, monitoring and as-
sessing the results obtained in the relevant countries.
Hence, a broad knowledge gained and developed for
the partners which, is considered to be a valuable
experience.

In addition to that as a technical issue, in terms of
arid areas, the approach of the TDC allows the develop-
ment of a responsible management of rare resources.
Along these lines, special attention is given to capacity
building, training and awareness aspects to asses the fu-
ture applications and the multiplying effects of the
concept.

<« Figure 6:
TDC VIEW FROM
NRC, EGYPT

o Figure7:
TECHNICAL AND
DEMONSTRATION
CENTERS HAVE BEEN
ESTABLISHED IN
FOUR DIFFERENT
MEDITERRANEAN
COUNTRIES: EGYPT,
MOROCCO, TUNISIA
AND TURKEY
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By FABIO MASI, BOUCHAIB EL HAMOURI,
HUSSEIN ABDEL SHAFI, AHMET BABAN, GHRABI AHMED
and MARTIN REGELSBERGER™

Several Constructed Wetland (CW) systems have been imple-
mented, with different pretreatments, in the four Technological Dem-
onstration Centers (TDCs) realized by the Zer0-M project teamin Tur-
key, Egypt, Tunisia and Morocco, together with three full scale pilot
plants located in the last three countries. This paper will focus
mainly on those systems which treat segregated domestic
wastewater.
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<« Figure1:
TDC AT THE MARMARA RESEARCH CENTRE IN ISTANBUL,
TURKEY

here are nowadays few experiences worldwide of
CWs treating grey water and black water sepa-
rately, and it is of extreme importance to increase
the knowledge about their behaviour and perfor-
mances, because the wastewater segregation and sepa-
rate treatment seems to produce great advantages in
terms of the reuse of the effluents. The comparison of
the results obtained in the different treatment schemes
can provide a clear idea about the optimised design of
such CW systems for this particular application.

DESCRIPTION OF THE IMPLEMENTED CW
SYSTEMS

The CW treatment systems details are summarized
for each location:

TURKEY

The TDC is located in Gebze (Istanbul), inside the
Marmara Research Centre (MRC) Campus, and CWs
have been operating since June 2007 (see figure 1). The
wastewater produced by aresidential building is segre-
gated and black and grey water treated in different
lines.

Black water: TSUAR (two stage upflow anaerobicre-

actor) +2 VF CW in series (Vertical submerged flow

CW) +FWS CW (Free Water System CW).

RESUME

DELIMITATION DES ZONES HUMIDES
ARTIFICIELLES A ZER0-M

Plusieurs systémes de zones humides artificielles
ont été mis en place, avec différents traitements
préliminaires, dans les Centres de démonstration
technologique, réalisés par 'équipe du projet Zer0-
M en Turquie, Egypte, Tunisie et au Maroc. Par
ailleurs, trois usines pilotes a échelle de grandeur 1/1
ont été batis dans les trois derniers pays mentionnés.
Dans ce document, nous nous intéresserons
principalement aux systéemes traitant les eaux
domestiques séparés. Peu d’expériences ont été
acquises de nos jours, dans le monde, au niveau de
l'utilisation des zones humides artificielles pour le
traitement séparé des eaux grises et noires. Par
conséquent, accroitre les connaissances sur leur
comportement et leurs performances revét une im-
portance capitale, sachant que la séparation des
eaux usées et leur traitement séparé semble
présenter d’importants avantages en termes de
réutilisation des effluents. Lorsque I'on compare les
résultats obtenus dans les différents procédés de
traitement, il est possible de discerner clairement la
maniére dont ces zones humides artificielles
doivent étre améliorées pour cette application
particuliére.
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Grey Water: HF CW (Horizontal submerged flow
CW) +FWS (Free Water System CW).

MOROCCO

The TDC is located in Rabat on the campus of the
Hassan II Agronomy and Veterinary Science Institute
of Rabat (IAV). Grey water produced by the nearby
Club of the “Association Culturelle et Sportive de
I’Agriculture” (ACSA) is treated with different de-
grees of technology, one of them being CWs. The sys-
tem has been in operation since March 2005.

Grey water: HF CW + VF CW + UV disinfection.

A full scale pilot plant has been implemented in the
city of El Attaouia for treating the greywater produced
by the municipal public bath (a so called hammam).
The treatment system consists of an HF CW followed
by a small low flow sand filtration unit (216 m? of total
surface for treating 30 m?/d of greywater). The effluent
is fully reused for urban landscaping.

EGYPT

The TDC is located in the NRC Campus in Dokki
(Cairo). Domestic wastewater produced by a nearby
residential building is segregated and black and grey
water are treated in different lines with the following
schemes:

Black water line 1: Three chambers septic tank + HF

CW+VFCW.

Black water line 2: Three chambers septic tank + VF

Cw.

Grey water: HF CW.

A full scale pilot plant has been implemented in
SEKEM Farm, located to the east of Sharquiya
Governorate, to treat the wastewater produced by the
campus school and some houses (200 m?> HF CW for
treating 20 m?3/d of mixed wastewater). The effluent is
completely reused for timber irrigation in the farm
area.

The SEKEM farm produces natural drugs by means
of growing various herbs and extracting the active sub-
stances from them by an industrial cycle thatendsupin
the final products. It'sa community, a few hundred peo-
ple live and work there, and there’s also a school for
about 500 students. The target area for the pilot project
comprises the school of the farm, a few buildings, the

campuskitchen and alaundry room. The wastewater is
composed of 100% domestic wastewater. In the past,
the wastewater was treated in ahybrid constructed wet-
land, comprising primary treatment and a sequence of
vertical filter (VF) plus a horizontal filter (HF) plus a
storage tank. In former times, the effluent contained in
the storage tank was pumped to fields for irrigation.
The vertical flow CW was clogged due to massive
undersizing. The whole treatment system was by-
passed in this way. The raw wastewater was used for ir-
rigation, being pumped directly from the septic tank to
the fields. The septic tank itself was in a dire state. The
Zer0-M project, therefore, suggests the design de-
scribed below for a pilot wastewater treatment plant as
a solution for the efficient treatment of wastewater.

The intention of the plant is to increase the available
water for agricultural purposes and at the same time
solve the problem of uncontrolled wastewater disposal
in the targeted area. A “sludge treatment constructed
wetland” for treating and composting the sludge al-
lows the reuse of the nutrients in the form of a high qual-
ity fertiliser on the farm.
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VETERINARY
SCIENCE INSTITUTE
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AV Figure3 aandb:
CONSTRUCTED
WETLAND 1 AND 2
ON THE SEKEM
FARM LOCATED IN
THE NRC CAMPUS
IN DOKKI, CAIRO,
EGYPT



Some of the troubles, which occurred in the present
treatment system, are due to a lack of maintenance of
the mechanical components (e.g. pumps). For this rea-
son it seemed advisable to design a robust system, as
“simple” and “low-tech” as possible.

TUNISIA

The TDC is located at the Centre of Water Research
and Technology (CERTE)—Laboratory of water treat-
ment and recycling in Tunis (LTREU). The student

OUTLINE OF CONSTRUCTED WETLANDS IN ZERO-M FABIO MASI ET AL.

o Black water: three chambers septic tank +HF CW +
VE CW. The treated water is stored in a tank for
green area irrigation.

Afull scale pilot plant is going to be implemented in
the community of Chorfech for the treatment of 700 pe
domestic wastewater, with the following scheme:
Imhoff tank + HF CW + VE CW + HF CW; a storage tank
will collect the effluent for agricultural reuse.

The pilot activity is mainly meant as a demonstra-
tion of sustainable water management solutions as sug-

V Figure4: house buildings present a facility which segregates
DESIGN OF THE grey and black water. Only black water is treated by
TDC IN CHORFECH, CWs with the aim of reusing this for the landscape.
TUNISA

gested by Zer0-M (low-cost wastewater treatment),
which shall prove that these solutions work under real
conditions and ultimately allow the further spreading
of the techniques demonstrated. The pilot activity will
also help to gain experience with the techniques imple-
mented under real conditions and improve them if nec-
i'?'! essary until they canbe recommended for wide applica-
| — tion in rural settlements in Morocco, Tunisia and
Egypt.

Last but not least, the Tunisian pilot plant shall help
to ease the difficulties in water and wastewater manage-
[~ I ment faced by the fast growing community of
(i) Chorfech, arural settlement in a semi-arid climate with
a constantly increasing water consumption and very
limited financial resources for the supply and sanita-
tion services. Chorfech is a rural settlement of about 50
houses numbering 345 inhabitants. It is located to the
North-West of Tunis about 24 km (national road GP8)
between Tunis and Bizerte. The main activity at
‘] Chorfech is agriculture. The village has a conventional
N [ sewerage network linked to a septic tank. The diagno-
sis of the network, carried out by the ONAS in spring
2007, reveals some problems:
® problem of slope and quality of connection,
® rainwater entrance into the sewerage network,
® isolated houses not connected to the network,
® grey water collected separately and discharged di-
rectly out of the house.

There are, in total, 49 connecting points to the sewer-
age network and the last collector discharges the raw
wastewater into the septic tank before discharging into
adrainage channel.

The pilot plant should provide the possibility for the
safe reuse of the wastewater treated, and the systems
will be operated as a demonstration and a good exam-
ple of rural settlements in Tunisia with low-costs.
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SEGREGATED WASTEWATER TREATMENT
BY CWs: OBTAINED RESULTS

The segregation of domestic wastewater into black
and grey water produces a highly concentrated black
water, with an organic content (as COD) ranging from
500 to 2,000 mg/L. The approach used in Turkey for the
primary treatmentby a TSUAR has showed a good per-
formance, with about 80% removal of TSS and 78% for
COD (the meaninlet concentration in the monitored pe-
riod was 865 mg/L), so as to ensure an adequate inlet
quality for the following VF CW (mean inlet concentra-
tions of 170 mg/L for COD and 140 mg/L for NH,"). The
2 VE CW provide adequate and satisfactory removal
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rates both for the organic content as well as for ammo-
nium, reaching outlet concentrations in the range of
0.5 mg/LNH,*. As a first result, the hybrid CW system
obtains a FWS effluent with a concentration of less than
5mg O,/L BODs, 10 mg O,/L COD, 0.2 mg/L NH*, 1 to
2 mg/L TSS and 10 cfu/100 mL Total Coliforms. The
presence of VF beds in the treatment scheme is essen-
tial for the removal of the high ammonium content,
which is typical for this kind of wastewater.

The hybrid VE+HF CW systems in Cairo and Tunis
are expected to reach the reuse standards forirrigation.
Atthe moment these systems arein the start-up phase.

Grey water treatment by CWs seems to be an effi-
cient and economic way of obtaining an effluent which
needs only further disinfection for unlimited reuse. In
these experiments, the inlet concentrations for grey wa-
ter were in the range of 180 to 500 mg/L for COD, 1 to
8 mg/L for NH,". The removal rates obtained in the
Turkish HF + FWS CW were very high for all of these pa-
rameters, with effluent concentrations generally below
10 mg/L for TSS, 40 mg/L for COD, 15 mg/L for BODs, 1
mg/L for NO;", 0.5 mg/L for NH,*. The final FWS pro-
vides a good final disinfection, with 4 to 6 logs of re-
moval and final concentrations of Total Coliforms in
the range of 1 to 200 cfu/100 mL, even though it pro-
duces sometime a light increase in the organic content
in the final effluent due to the formation of some algae
in it during the warm season.

The performance of the two-step (HF+VF) gravel/
sand filtration unit in Morocco was quite satisfactory
too. The effluent turbidity was reduced from 28 to 2
NTU. Removal rates of COD and BOD; were 75 and
80% respectively. The outlet BOD5 concentration is on
average 10 mg/L. Half of the nitrogen was nitrified dur-
ing the filtration process. The removal rate of phospho-
rus was almost 50% while anionic surfactants were re-
moved at a rate of 97%. On the contrary, the planted
gravel/sand filter performance in FC removal was low
and did not exceed one log unit and UV disinfection
was needed to obtain the appropriate quality for reuse
in toilet flushing in the Sports Club itself.

Also the Egyptian CWs reveal good removal perfor-
mances both for grey and black water, ranging respec-
tively from 58 to 98% of removal for COD and 93% for
NH,*in the black water line and 22 to 98% for COD and
over 90% for TSS in the grey water line.

The conclusions we can draw from these first results
are the following;:
® Asexpected, grey water has shown in all our moni-
tored systems a high organic content, up to 700 mg/L
COD, and a very low nitrogen content, always below
10 mg/L NH,".
® Considering thatfor the VF CWsit’s good practise to
notload the bed with more than 20 gr COD/m?2.d, in or-
der to avoid clogging, and that HF beds can obtain
good performances in organic content removal even
with very highinlet concentrations, over 1,500 mg/L, as
published in many papers related to the food industry
wastewater treated by CWs, this configuration appears
to be the ideal first stage for greywater treatment; if the
desired quality of the effluent has to reach really low

concentrations of biodegradable organic matter, a fur-
ther treatment by filtration (both low flow sand filters
or VF CWs can work properly) or by a well designed
FWS can easily bring this to the target removal; further-
more, HF beds (reed beds) can provide several removal
pathways for the organic removal, having inside the
“reactor” simultaneous conditions like aerobic, anoxic
and in some zones almost anaerobic, providing a good
stability for the treatment even with the occasional
loads of unusual substances mixed with the greywater
(oils, liquors, alcoholics drinks, aggressive surfactants
formulas, ...).

About the pilot plants, at the moment only the first
two months of monitoring of the Sekem CW in Egypt
are available. The HF CW was recently planted so the
root zone is not well developed yet, but the obtained re-
sults are anyway quite interesting. The HF CW, with an
HRT of about 2.5 days, is already obtaining 78% re-
moval for BODs, 71% for COD and 85% for TSS. Ammo-
nia removal is instead almost absent at the moment,
with outlet concentrations to the tune of 50 mg/L and
quite close to the inlet ones. A straight increase in the
performance of the system is expected for the end of the
year 2008.

CONCLUSIONS

The wastewater segregation into black and grey wa-
ter components offers several advantages for their treat-
ment by Constructed Wetlands and the reuse of the
effluents. The experiences collected in this research pro-
vide useful knowledge about the chemical nature of
the raw wastewaters produced in quite different
sources located in Turkey, Egypt, Tunisia and Morocco
and also the good efficiency of Constructed Wetlands
for the treatment of segregated water has been proven.
The comparison between the different treatment
schemes has also provided a preliminary indication for
the design concepts that have to be applied for the use
of CWsin this kind of applications.
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<« Figure1:
TDC IN GEBZE

he Marmara Research Centre (MRC) in Gebze,
about 60 km from Istanbul, decided to carry out an-
other two training courses and invited experts from
Italy and Germany who have long-term experience
in the field of constructed wetlands, greywater recy-
cling, rainwater harvesting, water saving devices and
non-conventional sanitary appliances such as dry toi-
lets and waterless urinals.

WORKSHOPS FOR DECISION MAKERS

Wastewater reclaiming and membrane bioreactors
were additional topics before the participants visited
the Training and Demonstration Centre (TDC) at MRC,
where various technical options of conventional and
sustainable water concepts were presented and dis-
cussed. At the end of the seminar, a case study was
worked out by the participants.

More applications have been received than the
course and the centre facilities can accommodate.
Nearly 50 participants took part in two, 2-day courses
between 16 to19th of April 2007. The first course tar-
geted the academic and scientific public while the sec-
ond course addressed decision makers from minis-
tries, industry as well as water and wastewater under-
takings and private companies.

The courses were run within the scope of the EU-fi-
nanced MEDA project and were free of charge. The

RESUME

TECHNOLOGIES DE GESTION DURABLE
DE L'EAU EN TURQUIE - SEMINAIRE A
GEBZE - ATELIERS DESTINES AUX
PRENEURS DE DECISION

Une des missions du projet Zer0-M consiste a dif-
fuser des informations portant sur la gestion dura-
ble de l'eau et 'assainissement écologique a des
multiplicateurs dans les pays méditerranéens. Le
Centre de Recherche Marmara (MRC) a Gebze, situé
a environ 60 km d’Istanbul, a décidé d’effectuer
deux cours de formation supplémentaires et invité
des experts venus d’Italie et d”Allemagne, jouissant
d’une expérience de longe date en matiere de zones
humides artificielles, recyclage des eaux grises,
collecte des eaux de pluie, systemes de récupération
des eaux de pluie et équipements sanitaires non
conventionnels tels que toilettes seches et urinoirs
sans eau. Les sujets que sont la récupération des
eaux usées ainsi que les bioréacteurs a membrane
ont également été abordés avant queles participants
aient visité le Centre de formation et de
démonstration du MRC ou diverses options tech-
niques pour les systemes de gestion de l'eau
conventionnelle et durable ont été présentés et
discutés. Alafin du séminaire, une étude de cas a été
élaborée par les participants.
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course started with a questionnaire on the estimated
personal water consumption and the major problems
related to water in Turkey from the point of view of the
participants, followed by several technical lectures and
itended with a case study that was worked out in small
groups.

LACK OF WATER POLICY

When the participants where asked what in their
opinion are the major problems related to water in Tur-
key, the first group’s answers (ranked by participants
according to significance) were water policy, water
quality and quantity, lack of education/know-how and
inefficient water use. The second group’s answers were
inefficient water use, water/environment policy, lack of
education/know-how and unplanned urbanisation. Al-
though the first group included mainly university stu-
dents and academics while the second group com-
prised mainly professionals from the water sector, the
results of the two groups were more or less the same.

INEFFICIENT WATER USE

According to questionnaire results, the personal wa-
ter consumption of the first group was 10 to 300 L/day
with an average of 147 L/day. Similarly the second
group’s personal water consumption ranged between
13 to 445 L/day with an average of 115.8 L/day. It can be
concluded that on an individual basis there is a lack of
concern about how much water is consumed daily but
on average, the results are close to realistic values.

HIGH INTEREST AND ENTHUSIASM

The lecturers attested the participants a high inter-
estin innovative water technologies. They also contrib-
uted significantly during discussion sessions. Partici-
pants from the water and wastewater undertakings as
well as industry demonstrated a positive attitude to-
wards water recycling and rainwater harvesting, espe-
cially constructed wetlands, as a nature-oriented
wastewater treatment technology. Representatives of
industry showed much enthusiasm in obtaining more
detailed information which could be profitable to their
business. During the breaks, there were repeatedly
questions regarding investment and operation costs
related to the situation in Turkey.

We could recognise that not only products, but also
know-how was soughtby the participants. Many of the
participants were also happy tolearn of the availability
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A Figure4:

TDC IN GEBZE-
AN IDEAL PLACE
TO INSPECT THE
DIFFERENT
TECHNOLOGIES
ON SUSTAINABLE
WATER
MANAGEMENT
(SEE ALSO
FIGURE 1)

V Figureb:
PARTICIPANTS
DISCUSSING SWM
TECHNIQUES IN
SMALL GROUPS

of several practical methods to deal with water in an
economic way, and as a result to reduce the water costs
without any comfort loss. It was also possible to visu-
ally inspect some of the water-saving devices and this
was welcomed by the participants. Some degree of res-
ervation on the part of the participants was observed
when dealing with compost or urine separating toilets
(this also applies to Germany). This is understandable
since many of the participants come from Istanbul with
12 million inhabitants and only a few have a garden
where they could form a compost pile. Concepts which
work well for rural areas are not necessarily practicable
for urban areas. For the exploding metropoles of the
world, sustainable and low-cost technologies are
needed that are highly accepted by the users.

A highlight of the course was the excursion to the
TDC, where composters, rainwater harvesting, urine
separation, water-saving devices, different blackwater
and greywater treatment technologies like constructed
wetlands, sequencing batch reactors, membrane
bioreactors and rotating biological contractors are be-

A Figure6:
AGROUP PHOTO OF PARTICIPANTS AND EXPERTS AT THE
END OF SEMINAR

ing researched and could be inspected by the
participants.

RESULTS OF CASE STUDY

The course ended with a case study and it was found
that the participants tried to realise a decentralised sys-
tem as one tool of sustainable water management. Af-
ter working in small groups and discussing three given
alternatives: connection to a public WWTP, blackwater
and greywater segregation and compost toilets, the par-
ticipants were asked to vote for their preference. In the
first group, nobody voted for the connection to the pub-
lic WWTP compared to one vote in the second group.
On the other hand, there were several votes for the
third alternative in the first group but no votes in the
second group, indicating that especially the young gen-
eration are more open to new concepts and ideas. In
both groups the second alternative was voted for most.

One requirement to the understanding of the course
contents was the translation of all English slides into
the Turkish language by MRC. Additional questions
and inquiries from the public were also simultaneously
translated by MRC staff members when needed.

Slides should be presented in English only whenitis
clear that all of the participants can follow the lecture in
the foreign language. Otherwise, the language of the
participants should be the working language. Group
discussions should be in the participants’ language so
that everybody will have the chance to participate.

The experience made during the course raises hope
that sustainable technologies are truly sought after
world-wide. However, it also shows that for their reali-
sation there is still along way to go.
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TDC CONTACT ADDRESSES
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If you are in Egypt, Morocco, Tunisia or Turkey and you
want to see sustainable sanitation techniques at work
contact the Zer0-M partners there and visit their Training

and Demonstration Centre.

EGYPT MOROCCO

Mr. Hussein I. Abdel-Shafy

Water Research & Pollution Control Department
National Research Centre

Tahreer street

Dokki, Cairo (postal area 12311)

EGYPT

Tel: 002027625 349

Email: hshafywater@yahoo.com

Mrs. Latifa Bousselmi

Centre de Recherches et des Technologies des Eaux
Laboratoire Traitement et Recyclage des Eaux usées
BP.273

8020 Soliman

Tunisien

Tel: 00216 71/788 436

Email: Latifa.Bousselmi@certe.rnrt.tn

Mzr. Bouchaib El Hamouri

Institut Agronomique et Vétérinaire Hassan II
B.P. 6202

Rabat

Marokko

Tel: 0021237 7775 64

Email: b.elhamouri@iav.ac.ma

TUNISIA TURKEY

Mr. Ahmet Baban

TUBITAK-Marmara Research Center (MRC-CEI)
41470 Gebze

Kocaeli

Turkey

Tel: 0090 262 677 29 04

Email: Ahmet.Baban@mam.gov.tr
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SUSTAINABLE CONCEPTS TOWARDS A ZERO OUTFLOW MUNICIPALITY

EUROPEAN COMMISSION / Delegation of the European Commission in Jordan

EURO-MEDITERRANEAN PARTNERSHIP

Euro-Mediterranean Regional Programme For Local Water Management

BupGET LINE B7- 4100

AEE - Institute for Sustainable Technologies
Feldgasse 19, 8200 Gleisdorf, Austria

Martin Regelsberger, tel: 03112 5886 -50, m.regelsberger@aee.at

Barbara Regelsberger, tel: 03112 5886-50, b.regelsberger@aee.at

Associazione Ambiente e Lavoro Toscana —
O.N.L.US,,
Via Pier Capponi 7, 50132 Firenze, Italy

Tiibitak-Marmara Research Center,
Gebze, Kocaeli, Turkey

Water Research & Pollution Control Department,
National Research Centre,
Tahreer street, Dokki, Cairo, Egypt

Centre de Recherche et des Technologies des Eaux
Laboratoire Traitement et Recyclage des Eaux Usées
BP. 273, 2050 Hammam Lif, Tunisia

Institut Agronomique et Vétérinaire Hassan II,
Wastewater Treatment and Reuse Unit,
Madinat Al Irfane, Rabat, Morocco

Department of Geography and Regional Research,
University of Vienna,
Universitatsstr. 7, 1010 Vienna, Austria

Technische Universitat Berlin,
Zentraleinrichtung Kooperation and
Institut fiir Verfahrenstechnik,
Franklinstr. 28/29, 10587 Berlin, Germany

Universitat Hannover, Zentrale Einrichtung
fiir Weiterbildung (weiterBILDUNG),
Schlosswenderstr. 5, 30159 Hannover, Germany

Fachvereinigung Betriebs- und Regenwasser-
nutzunge.V.
Havelstr. 7a, 64295 Darmstadt, Germany

Fabio Masi,
tel: 0039 055 470 729,
masi@altnet.it

Ahmet Baban,
tel: 0090 262 677 2904,
Ahmet.Baban@mam.gov.tr

Hussein Abdel Shafy,
tel: 00202 76 25 349,
hshafywater @yahoo.com

Ahmed Ghrabi,
tel: 00216 71 410 740,
ahmed.ghrabi@certe.rnrt.tn

Bouchaib el Hamouri,
tel: 00212 37 7775 64,
b.elhamouri@iav.ac.ma
elhamouri@menara.ma

Karel Kriz,
tel: 0043 01 4277 48641,
karel . kriz@univie.ac.at

Gisela Prystav

(geb. Hoffmann),

tel: 0049 30 314 24617,
gisela.prystav@zek.tu-berlin.de

Martin Beyersdorf,

tel: 0049 511 762 4745
Erika Villa

tel: 0049 511 96599707,
villa@targetgmbh.de

Dietmar Sperfeld,
tel: 0049 6151 339257,
info@fbr.de
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