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Introduction

Under the topic „Water storage with local construction materials in Namibia” a delegation,
consisting of Prof. Juepner, Prof. Breit, Mrs. Kolbe and 10 civil engineering students of the
university of Kaiserslautern, went to Namibia from the 2nd until the 14th October 2013.
An exchange program between the University of Namibia and the University of Kaiserslautern
had preceded this project and gives the overall framework of the cooperation. Therefore, some
Namibian students came to Kaiserslautern in December 2012 in order to do their experimental
laboratory work in the field of building materials, at the Institute of Prof. Breit. The specialist
exchange was as important as the dialogue between the two cultures.
Before taking off to Namibia, the group of students did a lot of research and prepared
themselves well. In the centre of attention was the visit of the UNAM and some fieldinvestigations in cooperation with CuveWaters and their researches.
Our visit to Namibia was one part of the exchange activities in 2013. In December 2013 we
hosted 14 Namibian students at the University of Kaiserslautern and share experiences in civil
engineering studies and help them to understand the German University System.
This student report describes in detail our field work as well as the results of our research.

Figure: The Namibian students in the laboratories of Prof. Breit at the University of Kaiserslautern
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Preparation course

Before taking off to Namibia, the students had a preparation course at the University of
Kaiserslautern from March 2013 up to October 2013 under the mentoring of Prof. Juepner and
Prof. Breit.
Each student worked in specific fields of interest, prepared his part of the topic in detail and
presented the outcomes to the other participants of the project.
So in fact, the student research project has four main fields of interest:


Construction materials in Namibia



Construction forms for the storage



Water quality



In- and outlets of the pipesystems

Every topic was investigated regarding performance and possible improvements.
In June 2013, the Namibian Minister of Works and Transport, His Excellency Erkki Nghimtina,
visited the University of Kaiserslautern so we could give him a presentation about the student
research project, the outcomes up to this date and the planned activities of our visit to Namibia
in October 2013.

Figure 1: Namibian Minister of Works and Transport Erkki Nghimtina and Prof. Semar at the University of
Kaiserslautern together with the civil engineering students from University of Kaiserslautern (Philip Merkelbach,
Kathrin Klingler, Christin Rinnert, Philipp Mueller, Georges Mekui, Prof. Semar, Minister Erkki Nghimtina, Prof.
Juepner, Valens Karmulka, Tobias Neyses, Jochen Faust, Mona Lisa Keller, and Robert Witkowski)
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The CuveWaters project establishes an Integrated Water Resource Management (IWRM) in
the Cuvelai-Etosha Basin in central-northern Namibia. Together with prospective uses,
researchers are developing and implementing technologies for rain- and floodwater harvesting
and storage. (www.cuvewaters.net)
The University of Darmstadt (Prof. Urban) was generously supporting our activities. Alexander
Jokisch who is currently working as a Ph.D. Student, helped immensly with his experience and
specific knowledge.
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Hydrological aspects

Before discussing the types and materials of different components of the rainwater harvesting,
it is relevant to be aware of the hydrological aspects.
The general climate in Namibia ranges between a semi-arid/ steppe climate and an arid/ desert
climate. During the winter season (May - September) it is in general dry, with rainfall occuring
usually only in the summer (October - April). However the rainfall is markedly variable,
depending on the location. The value of the mean annual rainfall for coastal areas can be as
low as 0 mm, whereas the northern regions receive up to 700 mm of rain.
The climate diagram (figure 2) displays the seasonal rain fall distribution for Ondangwa in
Northern Namibia. It is based on an analysis of long observations at a meteorological station
in Ondangwa (Sturm et al., 2009). This observation period includes data from 1902 until 1988.
The x-axis of the climate diagram shows the months, starting with July, and the y-axis indicates
the mean annual amount of rain fall in mm. In total the average amount of rainfall (also called
precipitation) in Ondangwa is about 480 mm per year, which corresponds to the average of
some parts of Germany, e.g.: Magdeburg with about 500 mm per year. Nevertheless the
difference lies in the highly variable distribution, which is characterized by a rainy season
during the summer months (November - April) and a dry season during the summer months
(May - September). Based on assumptions of CuveWaters the red colored framing signalizes
the period, in which the rainfall is not sufficient to cover the required amount of water for small
scale irrigation (8 month of the year). However, as the total average amount of rainfall is
enough for small scale irrigation, it is appropriate to harvest the rainwater during the rainy
season for the dry period.
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Figure 2: Seasonal rain fall distribution in Ondangwa from 1902 to 1988 (Sturm, M. et all 2009)

By way of illustration of the required water volume for small scale irrigation: Assuming that a
household consist in general of five persons, they require an agricultural land of 100 m² for
their small scale irrigation (figure 3). To enable year-round cultivation, they need a 30 m³ water
buffer to be able to bridge the dry period. Water tanks are the most common way to implement
water storage. (All values refer to the assumption of the CuveWaters project)

Figure 2: Illustration of required values for small scale irrigation
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The assumed buffer of the total amount of required water for the year-round irrigation is much
higher than the 30 m³ water. This effect is due to the fact that the tank is refilled during the
rainy winter period. As a result the volume of 30 m³ refers to bridge the long dry period during
the summer season only.
But what size of collecting area is needed to harvest a rainwater amount of 30 m³? And are
there enough suitable roofs or other collecting areas locally available for efficient rainwater
harvesting?
For calculating the required collecting area, the following equation is used:
𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑝𝑟𝑒𝑐𝑖𝑝𝑖𝑡𝑎𝑡𝑖𝑜𝑛 [𝑚] × 𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑖𝑛𝑔 𝑎𝑟𝑒𝑎 [𝑚2 ] × 𝑟𝑢𝑛𝑜𝑓𝑓 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 [−]
= 𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 [𝑚3 ] = 𝑤𝑎𝑡𝑒𝑟 𝑠𝑡𝑜𝑟𝑎𝑔𝑒 [𝑚3 ]
According to the equation, the amount of precipitation should be transformed to meters to avoid
calculation errors. The runoff coefficient is dimensionless and relates to the ratio between
runoff water and precipitation received. The following equation is simply converted to compute
the collecting area.
𝑤𝑎𝑡𝑒𝑟 𝑠𝑡𝑜𝑟𝑎𝑔𝑒 [𝑚3 ]
= 𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑖𝑛𝑔 𝑎𝑟𝑒𝑎 [𝑚2 ]
𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑝𝑟𝑒𝑐𝑖𝑝𝑖𝑡𝑎𝑡𝑖𝑜𝑛 [𝑚] × 𝑟𝑢𝑛𝑜𝑓𝑓 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 [−]
Referring to the example mentioned above, within this equation the required collecting area
for an efficient rainwater harvesting can be easily calculated. For a better understanding, the
following example shows the reckoning:
What is the minimum collecting area for rainwater harvesting per household?
Assumed as described above, the required water storage amounts to 30 m³ per 5-person
household and is located close to Ondangwa. Therefore, the value of precipitation on
Ondangwa, 480 mm per year, can serve as a guiding value. As a consequence, the value of
the collecting area is hence depending only on the runoff coefficient. Throughout this report
the runoff coefficient is further explained, along with sample values given for the different
materials. Since the majority of the roof of the housings are covered by corrugated iron, the
reckoning refers to the value of corrugated iron, which has a value of 0.8.
𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑖𝑛𝑔 𝑎𝑟𝑒𝑎 [𝑚²] =

30 𝑚³
= 78.1 𝑚²
0.48 𝑚 × 0.8

In conclusion, water storage of a volume of 30 m³ water, requires at least a collecting area of
ca. 78 m².
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Last but not least it is significant to know if there are enough suitable roof areas available. This
means are there enough households where the total amount of potential rainwater catchments
is sufficient? In order to answer this question, Sturm et all 2009 analyzed the number of
buildings with corrugated iron roofs and the roof sizes in the observed region. Adding the roof
sizes of the building belonging to one household they determined results expressed in figure
4. Corrugated iron is taken as one example for the material of the roof surface. Other materials
cause different runoff coefficients and need to be observed separately.

Figure 3: Sizes of corrugated iron roofs per homestead in Epyeshona (Sturm, M. et all 2009 p. 781)

Finally figure 4 illustrates the fact that in Epyeshona enough suitable roofs are available.
Because Epyeshona just serves as one typical example for the northern part of Namibia the
results can be transferred to other villages. Analyzing the figure, it is easy to recognize that
nearly 50 % of the sizes of the corrugated iron roofs per homestead are available for rainwater
harvesting.
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Water Quality

4.1 General
Looking at the fields of interests, it is necessary to regard the way of water (figure 5)

Figure 4: Way of the water

We use a differentiation into Rainwater and Oshanawater, because these are the main sources
for the people to get their water.
Caused by evaporation, the degree of salinity of the Oshana water rises steadily with the time
the water remains in the Oshanas.
With Rainwater the evaporation could be a challenge too and in the case of water harvesting,
the quality of water is affected by the type of construction.
The red indicated boxes were identified as the main fields of the research.
The main focus of attention of the project “Water storage with local construction materials in
Namibia” is on the availability of water for irrigation.
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For small scale irrigation purposes a certain water quality is required. Due to the salt tolerance
of certain crops, e.g. spinach or tomato, the steadily rising degree of salinity is the limiting
parameter for the water quality.
CuveWaters has set a threshold value of salt content for irrigation water, which is based on
literature by 750°µS/cm.

4.2 Rainwater
In general, the rain water quality is characterized by a value of nearly 0°µS/cm. The values
measured by CuveWaters in the observed pilot plants, shown in table 1, ranged from 10°µS/cm
up to 290°µS/cm. This is affecting the water quality.
Table 1 Values of conductivity, database (A. Jokisch 2011/2012)

location

date

Tank

Conductivity
[µS/cm]

Epyeshona

March 2011

Polyethylen Tank

10

Epyeshona

December 2011

Polyethylen Tank

56

Iipopo

July 2012

Shade net pond

229

Iipopo

November 2012

Shade net pond

286

The reason for this amount of salinity is linked with the harvesting and storage process, for
example by the passage from roof to tank.
To ensure the quality of the collected rain water, the roof and ground catchments must be
maintained properly. In general, there are two possibilities:
1. Mechanical cleaning
2. Cleaning by a “First Flush”
Before the rainy season starts, the mechanical cleaning of the facilities is carried out by the
users of the plants. The ground catchments as well as the roof catchments have to be cleaned
up systematically.
The second possibility is the “First Flush”, which cleans up the collecting areas with the first
rain. This water is diverted away and doesn´t get into the tanks. The water that encounters the
catchments afterwards is stored.
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It is very important to spot the transition of the “contaminated water” of the First Flush and the
clean water, which has to be stored, to prevent a deficit of clean water, or possibly storing part
of the First Flush.
In general, the tanks have to be cleaned up as well before the rainy season starts to ensure a
reasonable water quality during the storage period.

4.3 Oshana water
The usage of Oshana water is limited by its quality. In general, the Oshana water could be
used the first weeks after the rainy seasons directly for irrigation purposes, but the salinity is
steadily increasing due to evaporation.
Figure 6 shows as a practical example the data of the increasing degree of salinity of Oshana
water in Iipopo in 2012 (database: A. Jokisch, 2012):

Figure 5: Increasing degree of salinity, Oshana Iipopo 2012

On March 2012:

210°µS/cm

On July 2012:

466°µS/cm

On September 2012:

887°µS/cm
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The graph shows an increase of the degree of salinity over time and the recorded threshold of
750°µS/cm. Over the course of the dry season the salinity of the Oshanawater increases from
200 up to 900°µS/cm.
It can clearly be seen that the Oshana water could be used till August directly for irrigation
purposes. In the end of August till the beginning of September, it exceeds the threshold for
irrigation and could not be used any longer without any processing operations.
During that time thinning could be a helpful suggestion to use the Oshana water.
If Oshana water is mixed in a defined rate with rain water (as shown in figure 7), the degree of
salinity could be dropped under the threshold value. The advantage is the Oshana water could
be used for a longer period for irrigation purposes.

The rest of the tank is filled up
with rain water.

The Oshana water, with a degree
of salinity over the threshold
value, will be pumped directly in a
tank.

Figure 6: Tank with Oshana and rain water

In order to use this method a continuous measurement of the salinity is required.
The following example illustrates the advantage of thinning:
Data base:


September 2012 Iipopo

Input:


Oshana: 887 µS/cm



Shade Net Pond:

286 µS/cm

(Stored rain water)
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Required output after mixture:


≤ 750 µS/cm

Assumption:


75 % water volume out of the Oshana



25 % water volume out of the rain water tank

 0.75*887 µS/cm + 0.25*286 µS/cm = 736.75 µS/cm

736.75 µS/cm < 750 µS/cm
 The water quality for irrigation purposes is recovered!

4.4 Conclusion
 If the roof and ground catchments as well as the tanks will be maintained properly, a
good water quality for irrigation is available during the whole year.
 The period of use of Oshana water could be extended by thinning.

5.

Collecting areas

5.1 General
The first step in the process of rainwater harvesting is the use of catchment area. There are a
few different surfaces which are used for collecting the rainwater. The collecting areas can be
divided into two different types of catchment systems:


Roof catchment
o

Living houses

o

Greenhouses

o

Tank surfaces

o

Pond surfaces



Ground catchment
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5.2 Roof catchment
The basic idea is to develop and to modify existing surfaces because it is not economic to
construct areas only for rainwater catchment. The collected water is sent through the gutters
and falling pipes, and ultimately drained into a water tank.
Whatever the type of the roof catchment is, the construction type is a main aspect of the costs.
Gutters, falling pipes and other metal modules are expensive and the amount of these
elements can be reduced by the usage of the right construction form. A typical shape of a roof
catchment is the gabled roof like it is often built in European countries with high weights and
high requirements to the roof (figure 8). For this type of construction a gutter on each side is
used.

Figure 7: Gabled roof shape

For this situation it can be an improvement to construct the roof as a monopitched roof which
requires only one gutter and one falling pipe (figure 9).

Figure 8: Monopitched roof shape

Another cost saving method can be reached by placing a new building next to an existing, so
that both roofs drain the water in only one gutter (figure 10).
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Figure 9: Ideal building arrangement

5.3 Construction surface material
5.3.1 General
The choice of the material for the collecting area is important for the statics and durability but
also for the efficiency of collecting water. So the different CuveWaters pilot projects are testing
a variety of roofing materials. The results show that each type of building with special
requirements also needs special roof materials.
For the living houses the most commonly used material is the corrugated iron. On the contrary
to the living house, plastic foil and shade net are the most suitable products for the roof
construction of the greenhouses and the ponds. For the tanks with their heavy and robust tank
surface, concrete is the most used building material.
Each material has special characteristics and advantages:

5.3.2 Corrugated iron
For the local people the corrugated iron is a common material which they can handle and which
can be bought in local building supplies stores. Other advantages are the light weight and the
high resistance against physical affects. It is particularly suitable because of the high runoff
coefficient, compared to other materials, of 0.8 to 0.85 based on information of CuveWaters.
The challenges consist of the corrosion when the zinc coated surface is damaged and the salty
ground is directly in contact with the iron plate (figure 11-13).
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Figure 10: Iron pond

Figure 11: Roof area

Figure 12: Corrosion damage
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5.3.3 Plastic foil
As well as the corrugated iron, plastic foil also has a sufficient runoff coefficient. Especially
when difficult round shapes are required, plastic foil has a lot of advantages because it is light
and easy to install. The challenge with this material is the high sensitivity against UV-radiation
and wind. A special kind of plastic foil, which can resist against these influences, has to be
imported from South Africa and is very expensive to do. The plastic foil on the greenhouse in
Iipopo was broken for the third time within two years (figure 14).

Figure 13: Damaged plastic foil

For this topic more research is necessary to minimize the costs and to raise the resistance. A
possible solution could be to combine the shade net as protection with the plastic foil for the
water draining.

5.3.4 Shade net
An advantage of the shade net is its availability in different tightness suitable to what is
constructed. The resistance against UV radiation is perfect for the sunny dry months in Namibia
and with its wind permeability; the climate inside the greenhouses is suitable for cultivating.
There is a challenge with the limited ability to collect water because of the low runoff coefficient.
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Figure 14: Greenhouse, shade net

5.3.5 Concrete
In the outlying regions of Namibia it is necessary that the construction of the rainwater
harvesting tank is durable and service reduced. Concrete is highly resistant to mechanical and
natural influences so the service intervals are long. For the construction of concrete tanks, a
qualified craftsmen is necessary. The costs of the craftsmen and the costs for the materials
including steel and wood are intensive at the beginning related to others, but it also has a long
life time (figure 16 and 17).

Figure 15: Concrete tank
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Figure 16: Concrete tank

5.4 Engineering advice
After the two days of the field trip the student research team came to the conclusion that for
the single homesteads it will be the best solution to construct monopitched roofs made of
corrugated iron. They also advise to improve the arrangement of the houses to save money
for gutters.
The best way to construct the greenhouse seems to be a gabled roof covered with a
combination of shade net and plastic foil. We see the need for further research to improve the
shape of the basic construction and the ventilation, because of the destructive wind attacks. A
possibility can be to choose and modify a round shaped form like it is often seen in northern
countries.
For the tanks and the ponds the main advice is to use the existing surfaces and roofs
consequently, e.g. in Epyeshona the tank surface is bordered with a row of stones and so the
water can be drained directly into the tank.
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5.5 Ground catchment

The concept is the same as the roof catchment: preparation of an area on which the water is
collected and then drained to an underground tank. The challenge of this system is the pollution
which influences the filter systems and the water quality in the tank. Protection, such as low
walls, fences or small earth ridges have to be installed to reduce contaminations and to keep
out animals and people.
Figure 18 shows the illustration of a ground catchment. The construction is made of covered,
treated or compacted soil. It collects the water and leads it to the inlet of the tank. The tank
itself stores the collected water.

Figure 17: Illustration of the ground catchment

The collecting surface has to be built non-permeable to maximize the mount of drained water.
Different materials can be used for this surface. To work with concrete is a resistant but
expensive way. Special foils can also be used which are cheaper and easier to install, and
have no problems with joints inside of the collecting area.
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Figure 18: Joint challenge in Epyeshona

A comparison of the two systems shows that efficiency of the roof catchment is higher because
of the better runoff coefficients, 0.8 by the roof and 0.7 by the ground catchment. The financial
effort for installing the roof catchment is lower and thus is economic for single families with
smaller cultivating fields. But the challenge here is that if a larger amount of water is needed
there are often not enough areas available. And it is also not cost-effective to establish roof
areas only for rainwater collecting.
The overall advice for the usage of these two different rainwater collecting systems is, to
condition the kind of system on the amount of water which is needed. For larger plantations
and big fields the ground catchment is the more efficient strategy of rainwater harvesting. For
single homesteads it is cheaper and more efficient to use the roof catchment system.
The engineering advice for this challenge is to research the possibilities to maximize the roof
area without large costs. It should lead to minimizing the maintenance costs.
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Filter

6.1 General
To keep sufficient water quality in the storage facilities it is necessary to filter the water before
it flows into the tank. There are different possibilities to filter the water: setting ponds on the
ground catchment and use of a shade net.

6.2 Ground catchment

Figure 19: Setting pond between collecting area and the underground tank

In the case of the ground catchment there are setting ponds between the collecting area and
the underground tank as filter (figure 20).

Figure 20: Setting pond between collecting area and the underground tank
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First there is a bigger setting pond and after that there follows a second smaller setting pond
for the accumulation of finer materials (figure 21).

6.3 Shade net
There are many possibilities to use the shade net:


On top of the pump hoses (figure 22)

Figure 21: Top of the pump hoses



In front of the underground tanks (figure 23)

Figure 22: Front of the underground tanks



Between water inlet and the harvesting tanks (figure 24)

Figure 23: Filter
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Between harvesting tank and water outlet



Before the drip irrigation hose

The shade net has a lot of advantages. It is:


Easy to use



Easy to install



Easy to repair

It is also a good facility to filter the water and to prevent the hoses and tanks against pollution.
The shade net filter is very important to protect the drip irrigation system against blockage.

7.

Hoses

7.1 General
After the literature research study in summer of 2013, three materials for hoses were selected:
rubber, plastic and metal. Metal has got a long lifetime, but the purchase costs are high to
metal, whereas rubber and plastic are cheaper. After the experience of CuveWaters with
plastic hoses, they figured out a lifetime up to 5 years because of the UV radiation of the sun.
The following pictures show the different types of hose connection systems that are used in
Northern Namibia by CuveWater: Figure 25 shows a hose connection system out of plastic.
Because of the screw connection there is no need of tools. As seen on figure 26 below, a
system out of rubber can be used. The connection system includes a rotating shutter with
packing.

Figure 24: Hoses and connections 1
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Figure 25: Hoses and connections 2

7.2 Drip Irrigation
Drip irrigation is a water-saving method to irrigate small gardens. From a tank placed about
two meters above the ground water flows into plastic hoses with very small holes. Droplets of
water leak through the holes and soak into the soil (figure 27).

Figure 26: Drip irrigation

The drip irrigation has problems with the acceptance from Namibian people. In some fields
there are a lot of waste in the fields of drip irrigation.
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8.

Pumps

8.1 General
There are different types of pumps to overcome differences in altitude. The following table
shows the four types of pumps the students found in literature research (table 2)
Table 2: Types of pumps

Solar Energy

Wind power

Diesel pump

Mechanical
pumps

Environmental

Environmental

Environmental

Cheap and easy

friendly

friendly

pollution

operation

Effective

Easy technique

Easy technique

Intensive force

maintenance
Expensive

Cheap purchase

Always available

purchase
Technical personal

Cheap

Easy to repair; no

Already installed,

for repairs

maintenance

trained personal

established and

necessary

easy maintenance

8.2 Solar pump
Solar pumps are very environment-friendly and work especially well in sunny regions as an
alternative to conventional pumps. There are high purchase costs and there is a need of trained
staff to install it, but during operation the maintenance and operating costs are low. A problem
of solar pumps is that they are often stolen because of their value. An advantage is the solar
modules could also be used to generate energy and if there is no need of the pumping system,
the energy could be used for other electrical equipment.
Figure 28 shows an example of a solar pumping system. The pump, which transports the water
from the ground of the borehole into the tank, gets the electric power from the solar panels in
front of the headframe.
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Figure 27: Solar pump (http://www.neuesolarpumpe.com/uploads/pics/Solarbrunnenpumpen.jpg 01.07.2013)

8.3 Wind pumps
There are two opportunities to use wind power. The first way is the power is used directly for
pumping water. The second way is to generate electricity for an electric water pump. If using
the power directly, a coupling is needed, otherwise the pump is always running, provided there
is enough wind. Additionally, it can´t pump if there is no wind blowing. However, you can install
batteries to save the energy. The system which generates electricity for an electric pump is
more flexible. The electricity could be used if the water pump is not needed and in windless
times the pump can be powered by other energy sources. Like the solar pump, the generated
electricity could be used for other electrical equipment. A disadvantage is that this system is
more technical than the others and thus vulnerable for defects.

8.4 Diesel pumps
One of the advantages of the diesel pump is the simple technique. Therefore, it is easy to
repair and there are no specialists needed. It is very easy to install, like a plug-and-play system.
The biggest disadvantage is that fuel is needed to operate. The purchase costs are higher than
the costs of the treadle pump, which is mentioned later in the text, but it is much cheaper than
the costs of the solar pump.
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Figure 28: Diesel Pump; http://www.mv-maschinen.de (09.10.2013)

8.5 Treadle pump (stepper)
The features of this pump type are first of all the high capacity during recovery from surface
sources. Furthermore, it is a mobile pump and it is easy to handle and easy to maintain. Also
it contains a double cylinder for optimal use of energy while pedaling. The biggest
disadvantage is that there is human work required and in the heat of the sun it is very hard to
handle on the pump.

Figure 29: Treadle pump
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Storage systems and materials

9.1 Storage systems
There are several ways to store rainwater. In most cases water will be stored in tanks. The
tanks can be constructed of different materials, having different shapes and can be formed as
an above-ground or underground tank. There are subdivisons of the construction and the
materials.
During the construction of a tank the influences such as weather, sun exposure and static
aspects have to be considered. Another important item is the local soil condition. In northern
Namibia the soil conditions are difficult because the soil is very salty. There is a very hard
coating with a thickness of about 30 cm and the soil is encrusted. Due to the difficult ground
conditions and because there is little experience with the construction of underground tanks
most of the pilot plants from the “CuveWaters” project have been built as above-ground tanks.
The production expenditure of a surface tank is less than for an underground tank.
Underground tanks require excavations in hard soil, while for an above-ground tank only minor
excavation are necessary. Certainly there is a high effort to plaster the above-ground tank on
the inner and outer surface.
From a structural point of view, especially the aspect of water pressure is observed. In an
above-ground tank water pressure must be completely absorbed by the tank walls, whilst in
an underground tank water pressure is completely discharged into the ground.
In the following table there is a comparison of the above-ground tank and the underground
tank.
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Table 3: Comparison above-ground and underground tank

Above-ground tanks

Underground tanks

Sunlight

Full sunlight

Surrounding soil cools

Statics

Water

pressure must

be

completely absorbed by the

Water pressure is completely
discharged into the ground

tank walls
Production expenditure

Only

minor

excavation

Excavation

necessary, but high effort

detachable

in

hard

soils

plaster
Pumping effort

Maintenance

For water supply from roof

Water must be pumped out of the

surfaces no pumping effort

tank for use

Inner and outer surfaces

Only tank inner surfaces, as well

vulnerable and in need of

as inlet and outlet

maintenance

9.2 Materials
9.2.1 General
To build the tanks, various materials can be used. It should be ensured that the materials are
available on site and must not be imported from other countries. The importing of the building
materials is a very expensive factor to construction. On our field trips we visited the pilot plants
in Epyeshona and Iipopo and we could see which building material is used for the storage
tanks.
In the pilot plants built by “CuveWaters”, ferrocement, bricks and plastics are used. As shown
in table 3 advantages and disadvantages of each building material is compared. Here we have
a closer look at different aspects such as the availability on-site, job creation on the
construction site when using this material and the consequences of permanent sun exposure.
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9.2.2 Ferrocement

For the production of a ferrocement tank especially cement, aggregates and reinforcement are
required. The cement is a product of Ohorongo Cement near Tsumeb and can be purchased
via a local building materials trader, like “Benz”. Certainly cement is an expensive material (94
$ per bag of 50 kg for the strength category of 32.5 and 97.5 $ per bag of 50 kg for the strength
category of 42.5). The aggregates and the reinforcement are also available via a local building
materials trade. Therefore, one can say that ferrocement is a “local” material.
During the construction of the storage tank, a lot of workers were needed at the site. With this
construction method jobs will be created and that is an advantage for the people in this region.
The ferrocement tanks in Epyeshona and Iipopo were fabricated without a mould. This requires
a high level of technical knowledge just for the roof construction. They create a face with plastic
bags which were normally used for chicken parts. The reinforcement is afterwards attached
with these plastic bags and the concrete is applied to the outer surface. In most of the cases
there is no concrete cover on the inner surface. The current production of ferrocement tanks
does not fit the technical standards for reinforced concrete. Due to this the durability of the
tanks will be limited. There is no corrosion protection of reinforcement because the concrete
cover is inadequate or non-existent.

Figure 30: Reinforcement corrosion and plastic bags
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Figure 31: Ferrocement tank

Another problem is that the layered concrete construction because the structural elements
(e.g. wall) cannot be manufactured within a day. Due to this there is no monolithic connection
and the water tightness can be limited.
The permanent sun exposure can influence the water quality, as well as the process of the
curing. The water temperature in a ferrocement tank is nearly constant which has a positive
effect on the water quality. If the curing is not performed correctly a shrinkage cracking can be
observed due to the high temperatures.

9.2.3 Plastics
The plastic tanks are produced in Ondangwa and consequently available on site (figure 33).
These tanks are of lower weight than a ferrocement tank. For the installation it is not necessary
to have many workers on the construction site. There is only a job creation at the factory to
fabricate the tanks. Plastic tanks are a good solution for different situations. The tanks are
available in different sizes like 1 m³, 2.5 m³, 5 m³ and 10 m³ and they can be placed
everywhere. There is less effort in preparation, the underground for example, which is another
advantage.
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Figure 32: Plastic tanks

Figure 33: Plastic tank in Epyeshona

Floating can be a problem due to the low self-weight and the tanks may have to be secured
against it.
A consequence due to the sun exposure is the limited durability of the material. The material
can become brittle and cracks can occur. The temperature fluctuation is higher than in the
ferrocement tanks which can influence the water quality. So far, no negative influence is
detected.
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9.2.4 Bricks
The advantages and disadvantages of a tank built with bricks are comparable with those of a
ferrocement tank. The bricks needed to build a tank can be produced on the construction site.
This construction method uses local building materials. There is job creation on site due to the
prefabrication of the bricks and the manufacturing of the tank.
A disadvantage of this construction is limited the water tightness. The reasons are different.
There are differences in the quality of the manufacturing of the bricks and the mortar. The
bricks are made by hand. Not all surfaces of the bricks are plane, resulting a different joint
widths for the mortar.

Figure 34: Handmade bricks

To ensure the water tightness, the inside of the tank must be coated with a layer of mortar. In
contrast to the ferrocement tank, the production can be interrupted. There is no damage to be
expected due to interruption of the manufacturing. During the last summer semester, the
Namibian students investigated possibilities to build the tanks with other building materials.
Precast concrete, metal and flexible tanks are further possibilities to build rainwater storages.
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9.2.5 Precast concrete
Precast concrete elements are prefabricated in a concrete plant. Currently there is one precast
concrete plant in Windhoek. This means that a transport is necessary to bring the precast
concrete elements to the construction site. The transport causes additional costs, and there is
no job creation on the construction site.
The production in a concrete plant ensures the observance of technical standards and there is
a high quality of the finished product. The prefabrication in the concrete plant includes the
production by trained staff. The water tightness is ensured, there is a higher durability and
altogether a high quality.
To transport the precast concrete elements to the construction site, special equipment is
required. Due to the high self-weight it is necessary to have a truck with a self-loading system.
These aspects will negatively affect the costs.
An advantage of this construction method is that there is less effort in preparation, for example
of the underground.
The consequences concerning the quality of water due to sun exposure are rather low,
because the water temperature is nearly constant.

Figure 35: Precast concrete
(http://www.rocla.co.za/downloads/Rocla_Product_Catalogue-Jan2010.pdf, 09.10.2013)
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9.2.6 Metal
The production of metal tanks as well as precast concrete elements requires prefabrication in
a plant. The material must be prefabricated and transported to the site. Due to the
manufacturing in a plant there is no job creation on construction site.
Another important aspect are the costs. The used metal must be protected against corrosion.
The use of stainless steel is considered with very high costs. However there is no precise
statement possible, because there is no information about the costs.
Metal tanks are a good solution for different situations. The tanks can be built in different sizes
and they can be placed, in principle, everywhere. Furthermore there is less preparation
necessary for the future location of the tank especially with regard to the underground.
A disadvantage of this construction form is the heavy temperature fluctuation relating to the
stored water. The temperature fluctuation can influence the water quality significantly.
In preparation of our field trip we were given an overview about the building material industry
in Namibia. There is only one producer of such metal tanks in South Africa, which is relevant
for the costs because the elements must be imported from South Africa.

Figure 36: Metal tanks
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Figure 37: Metal tanks 2

9.2.7 Flexible Tanks
A flexible tank consists of a kind of synthetic material and it is a finished product which can be
directly installed on site. This product must be imported from other countries because there is
no producer of such a kind of tank in Africa. The precise costs cannot be specified because
there is no information on the part of the manufacturer.
Due to the fact that the flexible tank is a finished product, only few workers are needed on the
construction site. Nevertheless this shape of water storage system may be a good solution.
The tanks are available in different sizes and because of the low self-weight it is easy to handle.
When the tank is empty it can be folded into a compact package and stored until the next rain
period.
It must be ensured that the underground is free from thorns, glass or other pointed objects.
One more disadvantage is the cleaning of the tank after emptying. There is only a small
opening in the tank. The cleaning of a tank with a removable cover or in which you can climb
in is considerably easier.
The sun exposure often results in embrittlement of plastic material, which limits the durability.
In this tank there are also temperature fluctuations influencing the water quality.
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Figure 38: Flexible tank (http://www.pronal.com, 01.07.2013)

9.3 Comparison of building materials
In order to supply a household of five persons with enough water for irrigation, they need a
storage capacity of 30 m³. This storage can be built with different materials as described
before. To find the ideal construction method and material, four materials were compared. For
the comparison the relevant aspects are weight, lifetime, costs and technical Know-How. For
the costs, it is a rough cost estimate and the technical Know-How means the technical
knowledge in the region. Construction methods which are known locally are more accepted by
the population. An especially important aspect is the job creation on site because there is a
high rate of unemployment in the region.
The result of the comparison is listed in the following table.
Table 4: Comparison of four materials

Ferrocement

Plastic

Bricks

Precast
concrete

Weight

17 tons

1 ton

20 tons

14 tons

Lifetime

40 years

20 years

40 years

60 years

15,000 N$

37,000 N$

16,000 N$

15,000 N$

+

+

+

-

costs
Technical
knowledge
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There is a different lifetime of the materials and this depends on the quality. Whilst a
ferrocement tank and a brick tank have a lifetime of about 40 years, a precast concrete tank
has a lifetime of about 60 years. Plastic tanks last only 20 years. The costs of ferrocement,
bricks and precast elements are approximately at the same level whereas the plastic tank is
much more expensive. Therefore, it is necessary to consider whether to build a plastic tank
that has a shorter life and is more expensive, or to build a tank of another material. For a
storage capacity of 30 m³ there are three plastic tanks of 10 m³ needed. This is the largest
available volume. A ferrocement tank or a brick tank can be built in the corresponding sizes.
The technical knowledge in the region does not exist just in the precast construction method
because there is only one precast plant in Windhoek so far. The other construction methods
are locally known and are performed.
According to our field trips the optimization potential has been considered in detail. The basis
was the collecting area of about 80 m² and the required storage capacity of 30 m³.
The roof should be constructed as a monopitched roof, so that only one rain gutter is needed.
To have only one gutter saves costs. The subsequent tank shall be rectangular and be
designed as an above-ground tank. The production of a rectangular tank is considerably easy
than to build one with a round shape. The connections are easier to make and the joints are
plain.
The tank should be built with bricks, because there is a job creation and the technical
knowledge is available on site. The bricks can be prefabricated. However the workers have to
pay attention to consistent quality while they produce the bricks.
From our point of view, in the future there will be the construction method of precast concrete
elements. Especially the higher quality and consequently the longer lifetime are crucial. It is
possible to construct yet another concrete plant in Namibia and, therefore, create jobs for many
people.
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9.4 Possibilities of improvements
Upon investigation, there are ways to improve this materials and their use. Our suggestions
relate on the one hand to the production of the bricks and on the other hand to material testing.
Regarding the bricks the people have to pay attention that a consistent quality is ensured in
the fabrication and that firstly all surfaces of the bricks are plane. It is possible to use a form
but the area on the filling must be removed. It is also very important to save mortar during
construction. Another central aspect is to ensure a sufficient curing that there is no cracking
due to shrinkage and premature drying. The geometry of the bricks can be optimized. That
means that they should produce perforated bricks or bricks with tongue and groove. By
changing the geometry of the bricks it is possible to save mortar and to improve the water
tightness of the joints.
The second possibility of improvement is to perform material test methods to examine the longterm behaviors. Using the material tests, statements about lifetime, resistance against sun
radiation and tightness can be made. The resistance to sunlight should be observed both in
the production as well as the finished product.
From our point of view, these possibilities for improvement can be executed by research
projects at the University of Namibia in Ongwediva.
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10. Conclusion and Recommendations
The student research project in Namibia took only two weeks in October 2013. However the
conducted investigations gave an overview about the situation on the ground and in some
specific areas detailed information have been collected. But in order to get the genuine and
more helpful data about water harvesting practices in the area, a detailed research approach,
which considers all necessary boundaries is indispensable. Here are some advices:
-

After we dealt with the hydrological aspect and by means of information that we received
from Mr.Jokisch, we recommend for a household of 5 persons with 100 m² collection
area to use a reservoir of 30 m³.

-

To ensure the quality of the collected rain water, the roof and ground catchments must
be maintained properly and access to the tank must be ensured. To guarantee a good
water quality during the storage, the tanks have to be cleaned up before the rainy
season. It is important to protect the water against evaporation. The quality of
Oshanawater can be improved by mixing it with rainwater, and then it can be used for
irrigation.

-

Rainwater harvesting is crucial in the area, where water scarcity is becoming a serious
challenge. Economical and sustainable rainwater harvesting methods should be used
to minimize water losses. Roof catchment with reasonably arranged gabled roof made
of corrugated iron is a good answer to the effective rain water collecting for homesteads.
By big water quantity harvesting (plantations, etc.), a groundwater catchment could be
used, where special foil instead concrete could be prioritized.

-

In contrast to metal, rubber and plastic are cheaper to acquire. After the experience of
CuveWaters, the plastic hoses have a lifetime up to 5 years, mostly because of the UVradiation from sun. Therefore, it would be good to use metal connectors, because even
though metal can corrode even after many years, it has a long lifetime.

-

Water transportation is an important aspect, when water by means of pumps is
conveyed to the irrigation fields. After examining the advantages and disadvantages of
different water pumps on the ground, it is advisable to use mechanical pumps, like a
treadle pump, because they are more advantageous in rural areas.

-

Brick tanks are getting more important not only in Namibia but also worldwide. But it is
necessary to improve their lifetime through different scientific researches about strength
of material, etc. Here the UNAM can play a significant role.

-

At the end it is necessary to sensitize the people about rainwater harvesting practices
because they are the first ones to benefit from it. Workshops or other capacity building
approaches are the best tools to achieve this.
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12. Description of the excursion
Arrival in Namibia (Oct. 2, 2013)
The field trip to Namibia began on the 1st of October in Frankfurt. After 10 hours, the German
visitors arrived in Windhoek, and from there they travelled to the north of Namibia. The distance
between Windhoek and the destination Ongwediva is about 700 kilometers, so it is suggested
to spend a night on the way. On the long ride through Namibia they visited an Ostrich and
Crocodile farm to get a first impression of the variety of Namibia.

Figure 39: Kutako Airport

Figure 40: Kutako Airport

Figure 41: Ostrich

After one night in Otavi, the group took the route through Tsumeb to Ongwediva.
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Namibia tour planning map
A: Windhoek
B: Otjiwarango
C: Otavi
D: Tsumeb
E: Ongwediva
F: Oshakati
G: Namutoni
H: Halali
I: Okaukuejo
J: Waterberg Plateau Park

Figure 42: Tour map (https://maps.google.de/, 21.10.2013)
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Ohorongo Cement Plant (Oct. 3, 2013)
On their second day in Namibia the students visited the Ohorongo Cement Plant in the middle
of Otavi and Tsumeb.

Figure 43: Ohorongo Cement

It is the only cement plant in Namibia and is the most modern in Africa. Schwenk Zement KG
from Germany invested 880 Mio. € to build this plant. The cement production started in 2011
and the whole plant was built in 22 months.
The capacity is up to 700,000 tons a year but at the moment they produce 600.000 tons.
They are able to produce three different kind of cement: CEM II 32.5 N, CEM II 42.5 N and
CEM I 42.5 R. Initially, they also produced CEM II 42.5 R but the production was stopped
because of the high strength, which does not fit the local climate conditions.
Ohorongo Cement is a 100 % Namibian product. The additives and the raw materials come
from Namibia. Iron ore and gypsum come from Swakopmund and the shale, limestone and
marl are mined in the direct neighborhood of the plant.
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There are over three hundred employees working at the plant. Most of them live in Otavi or
Tsumeb and use a shuttle service to come to work. There are only five of the workers left who
come from Europe. In the beginning it was very hard for the company to find qualified staff.

Figure 44: Cement process technology

The process of cement production is divided into ten parts:
The first part is mining the raw materials, the second is crushing the limestone. In the third
phase of the process there is the storage and prehomogenization of the raw material. After the
prehomogenization the limestone is mixed with iron ore and sand. The next three phases are
preheating, burning, cooling and afterwards clinker storage. For the burning process the
bushes around the plant are harvested and used as wood chips to fire the oven. Another way
to fire the oven is to use coal, which is imported from South Africa. The next step grinding the
clinker with additives. After this there are the cement mills in which the product is milled in
powder. The last step is storing the cement in different silos. The very last phase is packing up
the cement into packages of 50 kg, 1.5 tons and 2 tons.
Ohorongo Cement is also supplied to Northern and Southern Namibia and exports to Angola,
Congo, Botswana, and Zambia.
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GPT Transnamib (Oct. 3, 2013)
Cement Sleepers plant

Another point of interest on the journey through Namibia was the visit of the GPT Transnamib,
a concrete sleeper production factory in Tsumeb. The students have been informed about the
process of producing and the difficulties of the special Namibia concrete mixture.

Figure 45: GPT Transnamib

The sleepers are the beams laid underneath the rail to support the track and also an important
part of the improvement of the infrastructure between the different cities and industrial centers.
The existing railway is old and not useable for the fast and heavy trains and a lot of kilometers
have to be renewed.
To make the sleeper more loadable they are pre-stressed. For this special kind of procedure
they use high-developed materials like the Ohorongo Cemente and aggregates of Namibia. It
is also necessary to have the right machines and casings, and all of these facts make the GPT
Transmib the leading sleeper manufacturer in Namibia.
The producing capacity is about 100,000 sleepers per year and the request has gone up to
one million per year, so the economic future is set for the coming years. There is even an
expansion of the existing facility planned.
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To consolidate the sleepers with track, another materials will be associate at the concrete.

Figure 46: Finished sleepers

Welcome dinner Thursday (Oct. 3, 2013)
After the long trip to Ongwediwa the group arrived at Bennies Park, where they were staying
for the next seven days. In the evening they have been invited to a Welcome Dinner for the
German visitors and the Namibian students and officials of the University of Namibia, also
called UNAM. This is the first time the German students and the Namibian civil engineering
students of the fourth year of the UNAM have met and got the possibility to exchange with
each other, e.g. about their studies and the cultural differences. As highlight a big buffet of
Namibian food was offered for all guests.

Figure 47: Welcome dinner
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Overview about the University (Oct. 4, 2013)
On Friday, the 4th of October 2013, the students went to the campus of the UNAM in
Ongwediva, founded in 2009. Prof. Adam, head of department of Civil Engineering, welcomed
the German delegation at the campus. He gave a very interesting overview about the
University itself, the conditions of studies and the growing processes of the Faculty of
Engineering and Information Technology.

Figure 48: Masterplan of UNAM

Afterwards, the German students were shown the student hostel, as well as the staff
residences for the foreign professors, and the warehouses with the equipment for the
laboratories.

Figure 49: Student Hostel
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Figure 50: Warehouse

Besides the campus in Ongwediva, the students visited the Oshakati Campus and its library
with the literature for the civil engineering, which will be moved in November 2013 to the civil
and environmental department in Ongwediva.

Figure 51: Library

At 04:00 p.m., the research day of the Faculty of Engineering Research Centre (FERC) started.
Namibian students, the German students with their two Professors of the University of
Kaiserslautern, Prof. Izumi from the Tokyo University of Marines Sciences and Technology,
Prof. Kavishe, the Founding Dean of the Faculty of Engineering and Information Technology
and Prof. Davidson of the Faculty of Engineering Research Centre, joined together in technical
discussion and exchange. One presentation of the German Prof. Breit describing the University
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of Kaiserslautern and two presentations of Namibian students in the 4th year complete the
program.

SRC Get together (Oct. 4, 2013)
For the evening the Students' Representative Council (SRC) of the UNAM invited the German
students to the African State House of Ongwediva for a get together. The SRC is an
organization that represents all the students of the faculty of engineering research center
(FERC) of the UNAM and consists of students from different faculties. This was an excellens
opportunity for the Germans to get an insight across the broad spectrum of the different
engineering disciplines of the FERC. Besides common topics, the conversations was also
about the student social life in Namibia and the culture.

Figure 52: SRC get together

Research Presentations 4th year (Oct. 5, 2013)
On Saturday, the 5th of October 2013, the German students visited the Research Presentation
of the Namibian students of the 4th year civil engineering. The students presented the project
of their Bachelor thesis. Overall, there were 11 presentations on various topics from the field
of civil engineering. Some of the students were dealing with the subject of rainwater harvesting.
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Fieldtrip Epyeshona, Rainwater Harvesting (Oct. 6, 2013)
On Sunday, the 6th of October 2013, the students of the University of Kaiserslautern, their
professors and some Namibian students made their way to Epyeshona. The focus on this trip
to Epyeshona was on the construction of rainwater harvesting tanks, which were built by
CuveWaters. On their field trip the delegation was accompanied by Alexander Jokisch from
the institute IWAR of the University of Darmstadt. Mr. Jokisch works for the project of
CuveWaters in the north of Namibia and could give some detailed information to the students
for example about the construction. The idea of the German students was to find out if the
tanks can be built with other materials or possibly improved.
First, the students visited a household where the people use the rainwater for small scale
irrigation. There is a garden and a small green house where the people plant some vegetables.
The rainwater is collected on the roofs and afterwards stored in tanks. On this site the people
use polyethylene tanks to store the rain water.

Figure 53: Polyethylene tanks and garden with drip irrigation in the front in Epyeshona
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The delegation was warmly welcomed by the people in the village.

Figure 54: Welcome in the village

Another construction site the students visited on this day was the “Green village”. The students
inspected the ponds, the ferrocement tanks and the green house. They could also get an
impression of the ground catchment and the filters.

Figure 55: Ground catchment and sedimentation tank

The people who worked in the “Green village” gave a lot of information to the students about
their work and about the process of the construction.
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Figure 56: People give information to the students

Fieldtrip Iipopo, Floodwater Harvesting (Oct. 7, 2013)
On Monday, the 7th of October 2013, the delegation went to Iipopo to have a look at the
floodwater harvesting facilities. Floodwater harvesting of the Oshana water is another topic the
students are interested in and it is also a part of the CuveWaters project. The students visited
a pilot plant for the storage of subsurface water. The water of the Oshanas is stored in ponds
and an underground tank to use it for irrigation. The ponds are also built underground.

Figure 57: Pond

The students could also see the problems of the pilot plants during operation. In Iipopo for
example, there is a problem with the foil on the roof of the green house. The students thought
about solutions and what could help there.
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Figure 58: Destroyed foil

The delegation could see that there are many possibilities to collect the water. The roof of the
ferrocement tank has a passage, so the water of the roof of the ferrocement tank could be
used and stored.

Figure 59: Roof of the ferrocement tank with passage and holes to collect the water

On these two field trips, the students got an impression of the pilot plants and the possibilities
of their construction.
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In the afternoon, the delegation visited the “Stengel-Damm” and the parts of the construction
which were available to see. The “Stengel-Damm” is a basin which is constructed by the
German engineer Heinz Walter Stengel. The basin was used to store water and there was also
a pump to pump the water from an Oshana to the basin.

Figure 60: "Stengel-Damm"

Figure 61: Construction of the Stengel-Damm"
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Preparation of the work from the field excursion (Oct. 8, 2013)
While spending the next day completely at the campus of the UNAM, the German students got
the chance to prepare their presentations about the research and the experiences of the field
excursion to Epyeshona and Ipopo. At first the students divided the fundamental components
of the analysis and placed them in a sensible order. The order is determined by the way of the
water by rainwater harvesting. During the morning the students also had the chance to
interview Alexander Jokisch about necessary information. So, with the help of Alexander
Jokisch, the students could start to improve and extend their presentations from Germany with
the new found information from the Namibian field trips. In some cases it was necessary to
established different priorities after visiting the rainwater harvesting projects in the field. To be
more efficient the students split themselves up into few groups.

Figure 62: Working on the presentation

At lunch time they made a break to go to the local student cafeterias to get lunch. Thereafter,
the working process kept going until the bus, which took them back to the hotel, picked the
whole group up at the UNAM. This does not imply, however, that the German students were
spending the rest of the day by relaxing at the hotel, furthermore, they were very diligent in the
work for the next day’s presentations in the evening and the night.
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Presentation (Oct. 9, 2103)
On the following day, Wednesday the 9th, the German students also got the chance to keep
going on with the improvement and finalization of their presentations during the morning. The
small groups worked very hard until lunch time in order to integrate their knowledge in the
presentation. Prof. Juepner and Prof. Breit were at their disposal to take a professional look at
the presentations and to give advice. After that, the students practiced the presentation and
the way how to speak. By lunch time all presentations were finished and just the finishing
touches to the layout and content of the presentation were done.
Before around 02:00 p.m. the presentation room was filled with students from the UNAM. It
was notable that there were not only civil engineering students, but also students from other
faculties. At 02:00 p.m. the final presentations were started. At the beginning Alexander
Jokisch and Prof. Juepner gave some short introducing speeches and after this the German
students gave their project presentation. For some of the students it was the first time giving a
presentation in another language then the native one. The excitement of the student speakers
was quickly settled down. At the end of the presentation the African students had the chance
to question the whole group about their project. This was the conclusion, and official end, of
the research activity of the German students at UNAM in Ongwediva.

Figure 63: Presentation

Afterwards the German students met each other at Bennies Park to reminisce about the work
and the final presentation.
In the evening Alexander Jokisch, Prof. Adam and the African civil engineering students came
to Bennies Park to get together for a Farwell dinner. While enjoying a very delicious dinner
Prof. Adams and Prof. Juepner held a final speech towards the students. After the dinner, two
of the German students gave words of thanks to the organizers of the trip to Namibia. Also the
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Namibian students got a little present form the German students to keep in memory, a cup with
the logo of the Kaiserslautern soccer team.
In conclusion, the German group had a really nice and very interesting time in Ongwediva, with
a lot of new impressions.

Figure 64: Dinner

Etosha National Park (Oct. 10, 2013)
On Thursday, the 10th of October, the student group and the professors, while on their way
back from Ongwediva, went through the Etosha National Park. They stayed the night in the
Park in Okaukujeo, where they were entertained in the evening by a lighted billabong on the
hotel.

Figure 65: Lion in Etosha national Park
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Figure 66: Okaukuejo

Waterberg Plateau Park (Oct. 11, 2013)
On Friday, the 11th of October, the delegation from University of Kaiserslautern moved on, on
their way to Windhoek, with a visit of the Waterberg National Park. They climbed up to the
Waterberg Plateau and stayed the night at Waterberg camp.

Figure 67: Waterberg Plateau Park
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Figure 68: Student group at the Waterberg Plateau

Dinner at Andys (Oct. 12, 2013)
On Saturday, the 12th of October, the students and professors arrive in Windhoek at Safari
hotel. In the evening there was a dinner organized at Andys with Prof. Heinrich Semar from
GIZ, where the students reported about the project “Water storage with local construction
materials in Namibia” and the journey.

Figure 69: Dinner in Windhoek at Andys with Prof. Semar (right side)
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Sightseeing in Windhoek (Oct. 13, 2013)
On Sunday, the 13 of October 2013, the German students visited the city of Windhoek. After
our breakfast at the hotel safari, we took the road on a bus of UNAM in order to make the final
round in the city. The return trip to Germany was set for 9:35 pm.
We rode on the Laurent Desire Kabila street toward the Home of President of the republic of
Namibia, later we had a photo stop to capture the event. After, we headed to Olympia for the
city center and we crossed Hotel Handke.
During the visit to the parliament of the republic of Namibia at the administrative district, we
were able to see the first minister, minister of Foreign Affairs and the minister of information
and communication. We also visited the parliamentary forum of the Southern African
Development Community (SADAC) and the National Council. We also took some pictures with
the statue symbolizing the parliament of the republic of Namibia.
Later we visited the National Museum of Namibia and had the opportunity to see the new
museum and it was there that we noticed that the Germans have done much for this country.
We saw some old weapons as spear gun, etc.
After the national museum we went to the mall to buy some gifts for family and friends. The
most attractive point was the SALAM center which unfortunately is closed. We visited the
HILTON HOTEL, Luisen Apotheke, Bangain Villas and then we took a break. At 3:30 pm we
headed to Hosea Kutako International Airport and the first check-in started at 6:00 pm.
After the check-in we wanted to exchange our Namibian dollars for euros, but the cashier did
not have enough money, so we did it after we passed the last control. At 9:35 pm, the plane
SW 286 Air Namibia took off from the international airport Hosea Kutako towards Frankfurt.
The flight lasted 10 hours 20 minutes. Monday, the 14th of October 2013, at 7:55 am our plane
landed on the tarmac of the international airport of Frankfurt. After passing customs control,
we got our respective luggage and parted.

Figure 70: Laurent Desire Kabila ST and Home of President of the republic of Namibia
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Figure 71: Entrance SADC Parliamentary Forum

Figure 72: New National Museum and Entrance National Museum of Namibia

Figure 73: Spear Gun and Salam Center
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