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1 Introduction

Even in the 21% century approximately 1.1 billion people on our planet still have no access to clean
drinking water and more than 2.6 billion people have to live without sanitary facilities (WHO/UNICEF,
2005). Estimations indicate that less than 10 % of the wastewater being produced on earth has been
treated prior to being discharged. Approximately 12,000 km?3 wastewater are distributed in our
environment, which is comparably more than half the volume of the Baltic Sea (approx. 22,000 kms3,
BMU).

Polluted drinking water and insufficient wastewater disposal are the causes for the majority of all
diseases occurring in emerging and developing countries. Up to 50 % of the worldwide stationary
treated diseases are gastro-intestinal infections, such as cholera, dysentery and typhus. According to
WHO and UNICEF (2005) up to 4,500 children per day die from diseases that are passed on through
polluted water.

The inextricable link and mutual dependences between economic growth and prosperity, water supply
and wastewater disposal, poverty, epidemics and criminality induced the United Nations in their
plenary meeting in 2000 to define and resolve their Millennium Development Goals (MDGSs), the
derived aim of which is among others, by 2015, to halve the number of human beings without access
to clean drinking water and those without access to sanitary facilities. How ambitious this plan is
shows a calculation according to which wastewater treatment plants for 900,000 people would have to
be built every working day (Cornel, 2004).

But the conventional sanitary concept and technologies developed and optimised in the rich
industrialised countries in the course of decades are no sustainable solution to the problems in areas
with water shortage. The main reasons against the extensive application of conventional wastewater
treatment systems are their significant investment and operating costs, the high water consumption
for transport of faeces, urine and other wastes, and the elimination of valuable nutrients. Furthermore,
effluents from conventional wastewater treatment plants are discharged into water courses and
therefore not available for reuse.

The unstoppable population growth in many parts of the world, the necessity to use nutrients for
agricultural production of food and the intention to at least approximately achieve the MDGs make it
imperative to pursue different and partly completely new strategies of wastewater disposal. According
to WHO (2006) "the use of wastewater in agriculture can help communities to grow more food and
make use of precious water and nutrient resources. However it should be done safely to maximize
public health gains and environmental benefits”. In this connection, wastewater is recognised as
“value water”. The epoch of mere wastewater disposal is drawing to its end and will be superseded by
the era of wastewater recycling with creation of value.

Also HUBER operates with this in mind and develops partly completely new approaches, which are
tested with the respective countries and adapted to their specific local conditions. By using alternative
sanitary concepts and practising the reuse of water and valuable material contained within
wastewater also in their own office building HUBER is contributing to a substantial paradigm shift in
wastewater treatment.
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2 New approaches

Approaches to alternative solutions reach from reuse of rainwater, irrigation with treated wastewater
up to the recovery of nutrients and their reuse for agricultural purposes. Especially the separate
treatment of the individual flows of domestic wastewater proves to be reasonable. Like it is common
practice in industries already, the critical wastewater flows are collected separately directly at source
and treated on site to provide for their reuse.

For example, the retention of urine from the main wastewater flow and its treatment (recovery of high
concentration nutrients and/or destruction of problematic substances) allow the design of small and
easy to operate treatment plants without the necessity for cost and energy intensive nitrification and
denitrification. In addition, the separate collection of urine reduces the micro pollution load on the
aquatic environment.

The separation of the quantitatively biggest part of the wastewater, the greywater (effluent from hand
washbasins, dishwashers, washing machines, showers, bathtubs), and its treatment directly at source
or close at source in semi-centralised units, which produces high quality service water, provides for a
multitude of water reuse options. The consideration and technical possibilities of decentralised energy
recovery from relatively warm shower and bathtub water are still in the initial stage. The advantage is
that the availability of the regenerative energy source is independent of the time of day, season or
region.

Even treatment of brown water alone (faeces and flush water) or faeces combined with bio-waste in
high-performance anaerobic reactors seems to be reasonable in many countries since biogas is
produced in the treatment process. If the fermentation process takes place under thermophilic
conditions, this reduces the number of pathogenic germs and provides thus for direct reuse of the
source materials for agricultural applications.

3 Research in HUBER

The concepts and approaches described under chapter 2 are the focus of several research projects,
which the company is running at home and abroad in close cooperation with universities or on its
own. Special priority is given to the country-specific ecological and socio-economic requirements of
the local population when adapting the design of new developments and then realising them in the
form of demonstration or pilot units. The goal is to increase the acceptance of new system solutions,
and thus ultimately the export chances for the company's technologies, by means of knowhow
transfer and participatory processes in which representatives from the economic, scientific and
political sectors are involved.

In the following the projects with research character are presented which are under way at this stage.
They are partly supported financially by the State Ministry for Education and Research (BMBF) and
partly self-financed:

- Economical wastewater treatment (fine screening) for reuse of the water in agricultural
applications (co-financed by the BMBF). The goal of the project is mechanical water
treatment that produces irrigation water and at the same time recovers the nutrients nitrogen
and phosphorus. The realisation of the project takes place in Algeria in close cooperation with
the GTZ and the University of Witten-Herdecke, Prof. Dr. Rudolph (see also chapter 3.1.).

- Integrated wastewater and waste disposal systems for megacities with anaerobic
treatment for the provision of nutrient-rich water (co-financed by the BMBF). This project
is realised in Lima under the lead management of Prof. Jumar of the IFAK Institute (see also
chapter 3.2).

- Decentralised underground treatment of heavily polluted precipitation runoffs from
spaces which are for traffic in urban agglomerations (self-financed). This filter system is
installed at a highly frequented road in Munich and tested by the TU of Munich, Prof. Dr.
Horn.

- Treatment of greywater with a reduced pollution load in order to produce service water
with the aim of water reuse for irrigation and as toilet flush water (co-financed by the
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BMBF). This project aims at the Chinese market and is executed by the TU of Darmstadt,
Prof. Dr. Cornel.

- Production of nutrients and energy from separated individual wastewater flows by
means of specific treatment of urine, biogas production from faeces and bio-waste,
and production of toilet flush water from greywater (co-financed by the BMBF). The
technical realisation takes place in Vietham in cooperation with the University of Bonn, Dr.
Clemens.

- Closing water and nutrient cycles on aregional scale through treatment of wastewater
and separated wastewater flows at source — HUBER ReUse concept with Recovery
Plant and ReUse Park (self-financed). The ReUse Park operated at the company’s
headquarters in Bavaria demonstrates water reuse options. The project proves that
wastewater that has been treated with HUBER technologies (Recovery Plant) can without
problems be used as agricultural irrigation water or even for pond management (see also
chapter 3.3.)

3.1 Economical wastewater treatment by means of fine screening
Example: Algeria

Algeria is presently undergoing a far-reaching political and economic transformation process, which
is characterised by a high migration into cities and rapid urbanisation. Especially in the northern part
of the country the population pressure on the cities can be observed. Reduction of unemployment
and management of the water supply shortage and wastewater disposal problems are the great
challenges the local municipality is faced with.

The management of the cities’ water resources is frequently inappropriate. Irrigation of parks with
potable water for example is common practise in the richer districts of Algiers. Vegetable gardens in
slums, on the contrary, are irrigated with raw wastewater under totally uncontrolled conditions, which
both increases the environmental burden and leads to health problems.

By irrigating grasslands with partly treated raw wastewater from the sewer system the health
conditions in slums can be improved and the drinking water consumption reduced. Testing a simple
treatment system with mechanical solids separation, sedimentation and UV irradiation is the focus of
the BMBF research project “Decentralised reuse of raw wastewater for grassland development in
arid areas” at Algiers. In cooperation with GZT and Prof. Dr. Rudolph (University of Witten/Herdecke,
Germany) HUBER takes part in the project by adapting the newly developed screening machine
HUBER PS Pipestrainer (Fig. 1).

Container
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Figure 1: Economical wastewater treatment by means of fine screening for Algier

The aim of the project is to realise a compact, easy to operate and affordable treatment plant for the
extensive removal of undissolved pollutants from the raw wastewater and partly inactivation of
germs, which allows to minimise the hygienic risks when handling treatment equipment. The partly
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treated, nutrient-rich wastewater is planned to be used in a demonstration project for irrigation of test
areas on the premises of the ENSH University in Algier (HUBER Report 2/2006).

3.2 Integrated wastewater and waste disposal systems for megacities with
anaerobic treatment
Example: Lima

According to the United Nations’ prognosis, in 2030 approximately five billion people will live in
metropolitan areas. The rapid urbanisation process with its dramatic consequences concerns
especially large cities in emerging and developing countries. One example for this development is
Lima, the fast growing capital of Peru. On the outskirts of the eight million metropolis increasingly
uncontrolled settlement (Fig. 2) takes place with people living under critical conditions, such as lack of
water and current, education and medical care.

Figure 2: Slum in Lima

The megacity’s growing hygienic, social and ecological problems are frequently too much of a
challenge for the local governments. A remedy to the critical situation can in most cases only be
decentralised and specific measures. It is the goal to elaborate adapted strategies also in the field of
water management, which aim at sustainable onsite recycling management through reuse of water
and nutrients.

Alternative systems for anaerobic treatment of suspended solids from wastewater and organic kitchen
wastes are presently tested within the scope of the BMBF research project “Lima — Megacity of
Tomorrow” under the lead management of the Institute for Automation and Communication (IFAK).
Within this project HUBER plans to install in Lima, in cooperation with the Peruvian partners, a two-
stage biogas reactor which is to be operated under thermophilic conditions.

This anaerobic reactor is planned to be applied within the scope of an overall concept that is adapted
to the city’s specific situation for the integrated treatment of bio-waste and solids contained within
wastewater. The aim of the concept is the recovery of energy-rich biogas and safe fermentation
residues, which as a soil improver can be applied onto agricultural land. The experiences gathered in
the project will serve as the basis for the transfer of adapted technologies to other megacities with
similar environmental problems (HUBER Report 2005/2006).

3.3 Closing regional water and nutrient cycles near to source
Example: Berching

The HUBER demonstration project, which has been run since January 2006 under the name of
“HUBER Reuse Concept”, is considered to be an example of best management practice in the field of
wastewater treatment. Innovative sanitary systems with/without separation are applied at the
company’s headquarters and different options of reuse of treated wastewater and the nutrients
contained are demonstrated. The goal is to get most of the value out of wastewater by applying
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specifically developed technologies, operated as Recovery Plants, i.e. to recover as many as possible
of the valuable materials — mainly water and nutrients — contained within the separated and
unseparated wastewaters produced by the 200 employees and reuse the recovered materials in the
company’s ReUse Park.

In the HUBER office building yellow water (undiluted urine) and brown water (faeces and toilet flush
water) are collected separately by means of waterless urinals and NoMix toilets, transported in
separate lines and stored separately. Also the greywater (dishwater and washing-up water) flows in a
separate line to the collection tank. Approximately half of the separated wastewater flows is mixed in
order to simulate conventional domestic wastewater. New HUBER technologies are available for the
specific treatment of the separated or partly combined wastewaters, which are operated with the aim
to provide hygienic service water and nutrients for agricultural applications (Fig. 3).

Recovery Plant and ReUse Park

Ferflisars Ol Fanilises  Dlge Funillsas ! Dinger  Enangy ¢ Eneras

Figure 3: Recovery Plant and ReUse Park at HUBER

- Membrane Bioreactor: The HUBER Membrane Bioreactor system provides for the specific
treatment of the total wastewater, greywater (and black water if required), and produces at
the same time a virtually germ-free effluent, which is reused as irrigation water or feeding of a
fish pond.

- Precipitation, stripping and absorption: The combination of precipitation, stripping and
absorption in the new HUBER modules is suitable for treatment of undiluted urine. The aim of
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this process is the recovery of the nutrients phosphorus and nitrogen in the form of solid and
liquid fertilisers for plant beds in the ReUse Park.

- Anaerobic treatment technology: The HUBER anaerobic treatment system produces biogas
from faeces and bio-waste. Due to the high process temperatures an hygienic fermentation
residue are produced, which is used as a soil improver in the orchard.

The aim of the HUBER ReUse Concept is ultimately the sustainable recycling of local water and
material flows. The treated wastewaters and value materials contained are reused in the company’s
park in order to grow vegetable food for human consumption. By using innovative sanitary concepts
and practising the reuse of water and valuable material contained within wastewater in their own
office building HUBER is contributing to a substantial paradigm shift in wastewater treatment.
Wastewater is no longer considered waste material but valuable raw material for recovery of service
water, nutrients and energy. Particularly semi-arid countries where also the availability of nutrients for
agricultural application is frequently limited will benefit from these new developments in the field of
wastewater treatment (HUBER brochure, 2006).
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