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Abstract 
The handling of wastes is an eternal problem, all societies are confronted to this issue. Their 
origins are very diverse, they could come from industrial activities, power production, shops, 
retail or household for instance. While in developed countries the collection is generally efficient 
and the disposal safe, the situation in developing countries is different. The municipal budget 
does not allow the construction of advanced and expensive methods of disposal and the 
collection suffer from the age of vehicles. This generalisation is nevertheless not totally truth as 
the situation is extremely depend on the country but also of the city considered. Each city will 
need to adapt its waste management according to its size, climate, wealth, culture, etc…  

This report will focus on a Namibian medium town, Tsumeb. The aim is to be able to draw a 
clear picture of the waste management currently achieved. When the situation is well known, new 
directions to make Tsumeb refuse management more sustainable can be decided. Implementing 
progressively an integrated waste management (IWM) is a solution to the waste problem as it is 
considering economic, social and environmental impacts. A waste characterization was done in 
order to know the exact amount and composition of the waste generated in Tsumeb to 
implement afterwards the most suitable solution. The refuse of Tsumeb are surprisingly very 
similar to high income country. Moreover the stakeholders involved in recycling were 
investigated. A small informal sector is already making a living by recycling a few materials as 
glass bottle and cans. There is also a possibility to include extra stakeholder in the recycling 
process in Tsumeb. Recycling companies, recycling organization or investors are also important 
stakeholder who can be include in Tsumeb recycling plan.  

Developing recycling in Tsumeb is facing some challenges but it is also full of opportunities. The 
main issue when it comes to recycling in Namibia is the long transportation distances what makes 
it expensive. Furthermore, most of the recovered materials have to be sent in South Africa 
because Namibia does not possess the necessary industries to recycle paper and glass for 
instance. On another hand the presence in Tsumeb of a small informal sector already working 
with waste is promising. The workers could be more organized and the municipality can also 
helping them with logistic and storage to improve the recycling done. The dump site will also be 
close within the next years and a new sanitary landfill will be open. It will be a great opportunity 
to implement a recycling facility on site. Informal workers working on the landfill will be more 
controlled, to avoid for instance children labour. Some stricter health and safety measure can be 
decided, to give better working condition to the informal manpower.  The development of 
recycling activities in Tsumeb will be highly beneficial to the community. It will create jobs for 
the poorest part of the population, decrease the cost of the waste management, reduce the 
pollution and stimulate the local economy. 

 

 

 

Keywords: Waste management, recycling, informal sector, waste characterization, Namibia, 
Tsumeb, integrated waste management 
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1 Waste & Development 
The image of an idyllic and wild African savanna is giving a wrong impression on what is 
happening on the continent. Africa took a while to starts its economic development; 
decolonisation, civil wars and unfair business are probably mostly responsible for that. Its recent 
development is characterized by a high and rapid economic growth. The poor economic and 
administrative organization of most of African’s countries conjugated with a delicate political 
stability is leading to a chaotic and unequal growth among the population (Achankeng, 2003)  

The development of the countries also manifests in rapid urbanization of the rural population, 
who perceive cities as a source of income, stability and a possibility to better living conditions. 
The poor organization of the displacements of these people is raising a lot of question about the 
real benefits of the cities to the population living quality. 

The amount of generated waste is one of the problems with increased developments. The 
amount of waste per capita is directly linked to the GDP per capita (Hoornweg & Bhada-Tata, 
2012). Thus, a country developing is expected to increase the waste produced by its inhabitant. 
Moreover, the type of waste will also change.  Poor population from rural areas will mostly 
produce organic and fast biodegradable wastes whereas the more developed urban population is 
consuming more material what increase wastes of plastic, glass, metal and electronics (Hoornweg 
& Bhada-Tata, 2012). On another hand the waste management in Africa is less efficient than in 
the first world. Due to lack of means the collecting of waste is not always done on a regular basis 
and dumping on sites is still the most common way to dispose the wastes. Fast growing cities 
such as Lagos, Kinshasa or Johannesburg, will soon suffer of the waste disposal if an efficient 
waste management is not implemented (UN-HABITAT, 2010). 

Urbanization is enhancing the development of a country by bringing manpower closer to 
companies, this can increase the access to healthcare and to education for instance. However the 
problem rising with the waste collection and disposal risk to counteract the work municipalities 
put in to improve living standards. 

Like water, sewage, electricity, education or healthcare, waste removal is part of the basic services 
that municipalities provide to the citizens. In developing countries municipalities struggle much 
more financially and the garbage collection is not functioning to its best. In some cities the 
collection rate can be very low or inexistent (Hoornweg & Bhada-Tata, 2012). Moreover, the 
refuse removal can vary significantly from the rich till the poor areas. The local government are 
mostly responsible for the waste collection and the removal is often suffering from the lack of 
financial resources, out-dated equipment, inefficient management or inexistent dialogue between 
the municipality and the citizens (Hoornweg & Bhada-Tata, 2012). When a waste management 
system is present it represent generally a quite high part of the budget of the municipally, but it 
mostly covering the collection cost and only few funds are left for the disposal management. 
Therefore dump sites and landfills are the most common disposal for in developing countries 
because other solution will be too expensive to implement (UN-HABITAT, 2010). 
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The increased volume of waste generated will bring big issues to the society if they are no not 
managed. The most obvious issue is their impact on hygiene and public health. Waste collection 
is considered as one of the most vital urban service to protect the public health. Non collected 
waste will always end up somewhere, but generally not in the appropriate place. Garbage dumped 
in the street attracts street dogs and vermin that break the bags to look for food. Some informal 
workers will also look for valuable material in the wastes (Wilson, et al., 2006). The waste is then 
left on the street causing it to spread to other areas making collection even more complicated. 
The pile of waste could also be the cause behind clogged drains which result in floods during 
heavy rains. Plastic bags are responsible of annual flood in developing cities as Kampala or 
Mumbai. Furthermore, the blocked water creates puddles in areas where stagnant water favors 
the reproduction of flies and mosquitoes that will spread diseases and infections. Another 
problem is also cattle that look for food in the waste and end up eating plastic pieces and bags. 
The animals often suffer an earlier death if not given surgery to remove the plastic. Such 
veterinary is generally too expensive for the owner (UN-HABITAT, 2010). 

The non-collected wastes also damage the picture of a city and could cause severe draw back in 
its touristic development and influencing negatively its economy. Their disposal close or into 
rivers and lake will affect strongly the biodiversity of the species and will affect the fishing 
activities on which rural population are living on. The presence of waste into water is also 
disturbing hydro-electricity production by clogging the turbines of dams. 

 
The collection of garbage is not the only important step in waste management, the disposal of 
waste as to be organized or the waste will harm even more communities. A dump site outside 
towns and cities is the most common disposal method used in developing countries (Hoornweg 
& Bhada-Tata, 2012). In some big cities the implementation of sanitary landfill is also carried out, 
but on a low level. Other treatments such digestion or incineration are too expensive or are not 
adapted to the situations of developing countries due to the high amount of wet organic material 
in the waste. 

Open air dumping and uncontrolled dumping of waste causes serious issues to the environment. 
The anaerobic condition within the pile of waste makes the organic waste decompose with 
emission of methane, which is a highly inflammable gas with a 25 fold green-house effect 
compared to carbon dioxide. It is estimated that 12 percent of the world methane emission 
derives from the anaerobic decomposition created in dumping and landfilling sites (EPA, 2006). 
Furthermore, methane can also lead to explosion or huge fire breakouts at the dump sites. 
During the decomposition of the waste and the runoff of rain water, a severe polluted leachate is 
produced by the dumping site. It contains biodegradable and non-biodegradable organic matter, 
inorganic material and heavy metals that can cause a long term pollution of the surface and 
ground water in the surrounding. The air environment of a dump site is also contaminated by the 
smoke from fires done by the informal worker who are burning wire to recover metal and the 
emission of gas. Fine particles level could be up to 25 times higher on a dump site than in normal 
area and populations working or living in the surrounding show a much higher respiratory and 
intestinal abnormal function than standard population (Wilson, et al., 2006). This directly affects 
the people working on dump sites, for example informal workers looking for recyclable. Close 
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settlements in the areas are also affected as the bad air reaches them (Medina, 2005; UN-
HABITAT, 2010). 

 

1.1 Integrated Waste Management (IWM) 
Solving the waste problem is a difficult task, even more in developing countries where there is a 
chronic lack of funds and environmental issues are still poorly recognized by the population. In 
the late 1970’s the concept of an integrated waste management appeared in the United States 
when the U.S. Environmental Protection Agency stated that waste management methods cannot 
be uniform within the country and therefore they should be adapted to each area/situation 
(Nordon, et al., 2009). It is a broad definition of having a holistic view on the waste problem, by 
taking in account the overall picture. An IWM is taking in account economic but also social and 
environmental aspect of waste management. The reason to apply such concepts is to lower the 
environmental and social impact of waste at an acceptable cost for the society. Planning involves 
all aspects of waste issues, from the generation through the collection, treatment and finally till 
the disposal (McDougall, et al., 2001). The key features of the IWM can be summarized as: 

• Waste stream considered from the generation till the final disposal 
• Use of a panel of collection, treatment and disposal methods 
• Economically viable and affordable 
• Socially acceptable 
• Environmentally beneficial 

 
An important aspect of integrated waste management (IWM) is the use combination of methods 
that are suitable to each type of waste fraction, in order to have the lower environmental impact 
with the highest economic benefits. 

IWM started to be implemented in developed economies but it could also definitely be applied in 
the developing world. The approach and the results are significantly different due to the 
composition of waste and the limited economic resources. Table 1 summarizes the different 
situation between developing and developed economy (McDougall, et al., 2001; Medina, 2010).  

 

Table 1 Difference for waste management between developing and developed economies (Un-HABITAT, 2010; 
Hoornweg & Bhada-Tata, 2012). 

Developed Country Developing Country 

Large investments Low investments 
Skilled Labour Un-skilled Labour 

Expensive worker Cheap worker 
High content of dry packaging High content of wet organic wastes 

Waste monitored Waste not monitored 
 

In this report the town of Tsumeb, Namibia will be the topic of this survey. The country is 
located in the southern Africa, at the north-west of South Africa. Namibia is considered as an 
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upper-middle income country according the World Bank (The World Bank, 2014a). The 
characteristic concerning the economic and waste situation differ from developing countries. A 
big part of the population has no education. Salaries are still rather low so the labor force is 
cheap. The living standard in Namibia differs significantly between rural and urban areas. 
Nevertheless, towns like Tsumeb, consumption patterns are quite similar to developed country. 
Therefore the organic content of the waste is expected to be close to the one in developed 
countries. Moreover, the waste collection is already well implemented and already a bit monitored 
in Namibia. 

 
An IWM is an attractive solution as it creates a situation of “win-win-win” between social benefit, 
economic profitability and environmental protection. Nevertheless implementing such 
management is based on a complete picture of the situation and the use of a combination of 
techniques. A community willing to use an IWM will have to take a few steps before having an 
efficient waste management.  They are summarized below: 

• Waste analysis and monitoring 

• Move from uncontrolled dumping to sanitary landfill 

• Separation of the organic fraction 

• Involvement of the informal sector  

Once a good and reliable overall perspective of the waste flow is known, the IWM process can be 
carried out with the implementation of a panel of techniques to treat the wastes in order to have 
the most efficient waste management plan. 

 
 
Waste management treatment techniques 

A panel of solution is used to limit the impact of waste in the society. This type of solution is 
strongly depended on the fund allocated to the waste treatment but also on the composition of 
the garbage. 

Landfill – This is still the most common solution adopted around the world in both developed 
and developing countries. Different level of safety exist, it goes from the open air dump without 
any control or isolation from the environment to the sanitary engineered landfill that is carefully 
build to avoid contamination of any type to the environment (leachate, flying paper, gas 
emission). The most advanced landfill is recovering the methane produced during the 
decomposition of organic materials to be used as fuel for heating or electricity production 
(McDougall, et al., 2001; Medina, 2010) 

Incineration – The waste incineration is common in developed countries. It consists of burning 
the waste to lower their amount and at the same time recovering the heat through boilers from 
the firing process. This energy is then converted to electricity, heat for industries or households. 
The cost of such facilities is generally quite high because it requires a high pollution control of 
the flue gases. Furthermore, an incinerator is required to be linked to a landfill for the disposal of 
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the fly ash that are considered as harmful. The implementation of incinerator in developing 
countries has not been successful due to the high cost of construction and maintenance. Also the 
high content of wet organic materials present in the waste that makes the combustion very 
inefficient (McDougall, et al., 2001; Medina, 2010) 

Pyrolysis & gasification – These techniques consist of a decomposition of the waste at a high 
temperature into gas that is further recovered for electricity or heat production. This type of 
process is very costly to implement and its complexes technology makes it almost not used 
worldwide, even in developed countries (McDougall, et al., 2001; Medina, 2010) 

Digestion – The anaerobic digestion involves the action or microbiological organisms that 
decompose the organic matter into methane and carbon dioxide. The process is operated under 
strict conditions, without presence of oxygen, with a certain water content and within an 
appropriate range of temperature. The residue of the digestion could also be used as fertilizer on 
crop. Facilities and maintenance for digestion is very expensive and the input material can only 
contain pre-sorted organic material that degrade (McDougall, et al., 2001; Medina, 2010). 

Composting – This solution also involve the action of micro-organism but under aerobic 
condition. The compost is made from organic material like garden or food wastes. But it can also 
be based on cardboard and paper if the right proportion is used. (Francou, et al., 2008). The 
temperature, water content and initial composition have to be strictly controlled to obtain a good 
quality of compost. Furthermore the piles of maturating compost have to be mixed on a few days 
basis for its aeration. Composting involves limited costs of implementation and maintenance (flat 
space and front-lifter) which make it not only suitable of high income countries, but also for 
developing nations. The success of a composting project is also highly dependent on the 
existence of a market for the compost produced. For a small plant, the local market will be more 
important. In the case of a large composting plant, the regional markets or even the national 
market will be more important than the local market (McDougall, et al., 2001; William, 2005).  

Recycling & Reuse – The recovery of valuable material is a widely used technic to lower the 
amount of waste. The separation for the recyclable material can be done at the source (in 
household, business) or at the disposal site (sorting facilities, scavenging). Nevertheless, the 
recycling is dependent on the possible use of the recycled material by companies located at a 
reasonable distance from the sorting point. The recycling opportunities are linked to the price of 
recyclable which is also related to the presence or not of an accessible market for recyclable 
(Wilson, et al., 2006). The transportation routes, the distance or the price of the fuel are 
influencing the access to a market for recyclable. The presence of industries that could use the 
recycled material is crucial to develop recycling as well as an appropriate amount of waste to treat.  

 As mentioned above the recycling can be made in advanced facilities but also simply by informal 
workers, which make its suitable for any type of economy. Nevertheless, recycling at a dumping 
site is practiced generally under unhealthy work conditions (GIZ, 2011). Often the workers are 
poor and already socially vulnerable. Even it is still an informal and non-recognize sector, the 
scavenging is employing more than 1 percent of the population in some developing countries and 
is responsible for more than 800‘000 tons of diverted material from landfills. Furthermore 
scavenging is often seen as a threat and it is not welcomed by local authorities. Informal worker 
are often representing a part of the population not well integrated in the society, waste recycling 
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is seen as a “dirty” job. Nevertheless, if properly organized, recycling by informal workers can be 
a very efficient way to dramatically decrease the amount of waste whilst providing employment as 
well as improving the working conditions of the workers. This type of labor is even more adapted 
to developing countries due to the largely available cheap workers (Medina, 2010; UN-
HABITAT, 2010). 

 

2 Relevance 
 

Implementing efficient waste management strategies could help Namibia to solve some of its 
social, economic environmental challenges as well as preventing future environmental disasters. 
Developing the waste management sector will create employment and also improve the working 
condition of the informal waste management workers, which will also improves the economy. 
On a social point of view, the creation of employment will reduce the precarity, improve the 
access to education and to healthcare. Furthermore an efficient administrative management is 
generally behind a clean city. This is a good way to show to the public that the municipality is 
providing necessary and efficient service for its citizens. Furthermore in the case of Tsumeb, the 
waste problem is directly connected to the water supply. Environmental issues have not yet had a 
big impact and might be still under-estimated but one should remember that Namibia is an arid 
country, with scarce water resources and it will be strongly affect by any type of climate change 
(Republic of Namibia, 2009). Water is a precious resource in Namibia and many people are living 
on agriculture. A contamination of groundwater by unmanaged wastes will affected a large part of 
the Namibian population. 

 

3 Aim and Objectives 
 

The aim of the thesis is to understand the situation in Tsumeb, Namibia, regarding the solid 
municipal wastes flow and the waste management achieve today. Then this knowledge will be 
used to develop some recommendations and solutions concerning recycling, in order to decrease 
the amount of waste disposed at the dump site.  

The implementation of a necessary and sustainable waste management will first require having a 
reliable overall understanding of the waste flow within Tsumeb. It is only when the relation 
between the different stakeholders is understood that the correct solution to decrease the amount 
of waste can be appropriately chosen and implemented.  

The main aim has been divided in further intermediate objectives to make the research clearer 
and more reliable: 
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• The first part of the project is an overview of the research in order to gather information 
e about sustainable waste management in developing country. The focus will then be 
done on Namibia and the studies accomplished there. 

This preliminary research will be complete with a field study in Namibia which purpose is 
to give an understanding on how waste management works in Tsumeb. Additionally the 
purpose is also to give clear picture of the different waste stream and stakeholders 
involved. 

 
• The second part of the field study is a survey about the waste composition of the waste 

collected by the public cleaning team. The objective is to obtain figures concerning the 
amount of each material been landfilled by the public service in Tsumeb. 

 
• When the characteristic of the waste flows in Tsumeb are well known, the following step 

is dialogues with the different stakeholder involved in recycling in Tsumeb to understand 
their business direction and their experience. The stakeholders who are not involved in 
recycling in Tsumeb but who could be involved are also investigated. 

 
• Then the challenges and the opportunities to start recycling in Tsumeb will be formulated 

and finally recommendation concerning a future recycling plan in Tsumeb will be given. 
A brief an economic estimation of the market behind the recyclable in Tsumeb will be 
also detailed.   

 

4 Limitations of the project 
 

The project is limited to the geographical area of the municipality of Tsumeb, Namibia. Therefor 
only the wastes produced in the different district of the town will be considered.  

The calculated volume of waste generated is collected between October 2012 and May 2013. 
During this period the waste collection was fully operative and fully monitored. The waste 
collection was operated by two sub-contractors and the municipality. Enviro-fill a Namibian 
waste management company was operating in town with its own compactor truck and Eclipse 
Investment a waste management company from Tsumeb was cleaning Nomtsoub with the 
municipal truck. 

The types of waste studied are shown in dark green in the Figure 1. These specific wastes fraction 
have been chosen because they are the wastes collected by the municipality and that have been 
landfilled at the dump site. From the residential waste, the garden waste fraction which is 
collected separately by the municipality has been excluded. This fraction is also the topic of 
another report about possibilities of composting in Tsumeb (Diebels, 2014). 
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Figure 1 Origin of waste considered in the study (categories in dark green are selected) 

 

5 Methodology 
 

The methodology used to achieve this report was firstly based on a literature review about waste 
management in developing country as well as the possibilities and the challenges regarding 
recycling, always in developing countries. Previous researches done in Namibia have been 
investigated in order to get a better idea of the local situation. The rest of the work was 
performed during a 4 months field study in Tsumeb, Namibia. During this period, the waste 
management system of Tsumeb was studied by working with the garbage pick-up team and by 
discussing with the environmental manager and administrator. Furthermore, a characterization of 
the municipal waste flow of Tsumeb was done in order to determine the composition and the 
amount of waste produce by the municipality. The field study was completed with divers meeting 
and visits with local stakeholder related to the recycling business. 
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5.1 The framework 
The analysis was conducted with the UNEP framework which is more adapted to the developing 
countries than the European or American methodology (UNEP, 2009), (European Commission, 
2004). The UNEP methodology is fulfilling the criteria of organize reliable and repeatable results.  

The characterization is focused on the waste collected within the border of Tsumeb municipality. 
The collection by the cleaning team is done by district, activities and by type of waste. It is very 
difficult to have a sample that will represent a hypothetical typical waste of Tsumeb since 
different activities or district are cleaned daily (see Table 4). Furthermore, Tsumeb is divided 
between richer and poorer districts which inevitably have different living habits. Gathering the 
whole town under one category will not be representative of the local context. 

Due to this, the overall waste stream has been divided in four different origins: household 
Nomtsoub, household town, business and litter picking (regrouping the bags removed from open 
area, the pushcart, the contractors and the Grootfontein & Oshakati crossing). The Figure 2 
shows the different Tsumeb area as well as the waste disposal location. These different origins are 
also monitored separately in the monthly health report form the environmental manager, and the 
monthly report of Eclipse Investment, a sub-contractor involved in the waste collection and on 
waste sorting. The area/origin of the waste are reported as explained below in the different 
monthly reports. 

• House Refuse/Ash Loads in Nomtsoub – Household refuse collected in the 
Nomtsoub area. Counted in Drum. 

• House Refuse/ Ash Loads in Town – Household refuse collected in the Town area. 
Counted in truck load. 

• Bags of Refuse removed from open areas – Bags removed from the public trash bin. 
Counted in bags. 

• Pushcart – Litter collected by the street sweeper in the town area. Counted in bags 
• Contractors – Litter collected by the street sweeper in Nomtsoub area. Counted in bags 
• Business refuse – Refuse collected from the business both in town and Nomtsoub area. 

Depending on their size business are either using drums or a space where they pile the 
garbage (see Picture 3). Counted in drums or loads. 

Grootfontein & Oshakati crossing – Bags removed from the road crossing at the entrance 
of Tsumeb, where travellers & drivers are sometime discarding their garbage. Counted in 
bags. 
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Figure 2 Map of Tsumeb 

 

5.2 Sampling and sorting 
The characterization was done between March and April 2014. This period correspond to the 
end of the local rainy season and the waste were mostly dry when there were picked up. 

The wastes were picked up at their generation point, in front of house or by collecting directly at 
businesses for instance. 

The sample size has been chosen to be one wheelie bin of 240 l. The recommended sample size 
of 100kg is too large to be used in a characterization done by one person. A 240 l wheelie bin was 
chosen for the size of the sample as it also facilitates the measurement of the density of the waste 
and it is easy to handle. 

The sorting was done with the following procedure: The wastes were picked up in the morning 
with the help of the cleansing team and they were brought to the municipal service depot were 
the sorting station was installed. Then the refuse were sorted by hand and putted in bucket to the 
weighted. The wastes measured were then putted in an empty wheelie bin of 240 l. A sample was 
sorted when a wheelie bin was full. The bin was a bit compacted by hand before considered as 
full. The bins full of sorted refuse where emptied in the compactor truck the next day to be 
available again for the next sample batch. 

 The number of samples measured for each fraction was 10 excepted for the business waste 
where 20 samples were analysed. According to the UNEP waste characterization method, that 
numbers of sample should lead to at least a 70% of confidence level in the results (UNEP, 2009). 
A much higher number of samples would have been needed to reach higher reliability in the 
result, which was not possible according to the time frame and with only one sorter. 
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The wastes have been sorted according 13 different categories, chosen to be representative of the 
material recyclable. They are detailed in the Table 2: 

Table 2 Waste fraction considered for the characterization 
Fraction Material 

Paper Office paper, newspaper, magazine 
Cardboard Corrugated cardboard, kraft paper & brown bags 

Mixed paper Beverage box, waxed paper, mixed paper 
Glass Glass bottle, flat glass, bulbs 
PET PET bottles 

Plastic Film Plastic bags, packaging plastic film 
Mixed plastic HDPE, LDPE, PP, PVC, mixed plastic 

Metal All metal 
Electronic Electronic equipment 
Organic Food waste, small garden waste 
Textile Cloths, hygienic paper, personal care and diapers 

Hazardous Rest of paint, oil, grease, chemicals, etc.. 
Rest/soil Not sortable small particles, ceramic, soil, ashes, etc.. 

 

The sorting was done by hand, only the writer was involved in the process. Long sleeves, long 
pants, respiratory mask and gloves were wear during the sorting. The Picture 1 is showing the 
sorting station, with the scale used for the weighting.  

 
Picture 1 Sorting station 

 

 

5.3 Units 
The monthly health report monitoring the waste flow in truck load of drums for instance which 
are not easy to use. These units have been converted in volume or weight, by calculation, 
estimation and measurement. The Table 3 is detailing the conversion (also see appendix B). 
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Table 3 Units used for the characterization 
Unit Equivalent  Remarks about calculation 

1 Nomtsoub drum 0,048 m3 Un-compacted Calculated with Eclipse Investment 
monthly report 

1 Nomtsoub truck load 466 
drums Un-compacted Calculated with Eclipse Investment 

monthly report and health report 
1 truck load Nomtsoub 15 m3 Compacted Measured 
Compaction ratio 
Municipal truck 1,5  Calculated 

1 truck load town 19 m3 Compacted Measured 
Compaction ratio 
Enviro-fill truck 3  Estimated 

1 sweeping bags 7,6 kg Un-compacted Measured 
1 business load 6 m3 Un-compacted Estimated during field work 
1 business drum 0,21 m3 Un-compacted Standard industrial steel drum 
 

The average volume of a drum in the Nomtsoub district was calculated with the monthly report 
of Eclipse Investment, where the number of drums of 210, 70 and 30 l collected was reported. 
The average is giving a value of 48 l. The refuse collected in Nomtsoub are monitored in 
collected drums (un-compacted wastes) or in full compactor truck (compacted waste) depending 
on the month. The Monthly report of Eclipse Investment is giving both values so a conversion 
factor can be calculated. Furthermore this is also giving the compaction ratio of the municipal 
compactor truck because we have the un-compacted and compacted volume of waste. The truck 
used for Nomtsoub is the municipal one and it has a capacity of 15 m3. The truck cleaning the 
town area is owned by the sub-contractor Enviro-fill and it has a capacity of 19 m3. It is also 
much more recent and its compaction ratio is expected to be higher. There was no possibility to 
measure the ratio so it has been estimated to be around 3 after a discussion with professionals. 
The average weight of street sweeping bags has been measured during the characterization. The 
size of a business refuse load has been estimated to 6m3 after field work (the garbage room of a 
supermarket for instance). Standard 210 l steel drums are also used by some business. 

 

5.4 Equipment 
All the equipment necessary for the sorting was bought at the local supermarket. The list of the 
object used is following: 

• One plastic bucket of 30 l  
• Two plastic basket of 25 l  
• Eight buckets of 10 l 
• Kitchen scale (up to 10 kg) 
• Rubber gloves 
• Disposable face mask 

Two extra steel drums were also used, but there were borrowed from the municipality, as well as 
the wheelie bins used for sampling. The 30 l bucket was used as recipient to sort the refuse, it was 
set on a steel drum to have a good working position. The plastic baskets of 25 l were used to 
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store the sorted PET and plastic film before the weighing. The smaller 10 l bucket were also used 
for that purpose for the rest of the materials except the electronic and hazardous wastes that was 
just put aside and measure as they were very rare. The tare of these basket /bucket was check 
regularly and was around 300 gr. 

 

6 Local Situation 
 

A stay in Namibia could break a lot of stereotype that the western world is used to think about 
Africa. Even if the level of development is far to be very high, Namibia still get a much better 
economic and political situation than the rest of the continent. The country is equipped with 
rather good infrastructures, the political situation is very stable since the independency and the 
level of corruption is lower than in some European countries (Transparency International, 2013). 
Nevertheless Namibians are still struggling with a lot of social and economic issues, legacy of an 
unequal system until the independence 24 years ago. This paragraph aims to bring a description 
about the background and the situation of Namibia and Tsumeb nowadays regarding the waste 
management achieved and also some general facts to have a realistic picture of the situation. 

 

6.1 Namibia 
A short historical background – The modern history of Namibia is starting with its 
colonisation by the German empire from 1884 till 1915. This period saw the implementation of a 
forced colonisation with war against the local tribes. Some atrocities like the genocide of the 
Herero people happened. This period also saw the beginning of the exploitation of the mineral 
resources as diamond and metal ore. After the First World War Germany lost its colonies and 
Namibia called then South-West Africa went under the protectorate of South Africa. In the 50’s 
the Namibian started to protest against this occupation and the implementation of racial law. 
During the 60’s the SWAPO was created to fight against the white government which was 
declare illegal later by the UNO in 1971. Until the independency Namibia took some distance 
from South Africa but the white minority was still running the country. The first fair elections 
took place in 1989 when the first president of the free Namibia, Sam Nujoma, was elected. A 
new democratic constitution was written and the country was declared independent the 20th 
March 1990. Ever since the country is stable and no civil war or economic chaos followed the 
independency. 
In 2012 to population has been estimated at 2,259 million people (Namibia Vision 2030, 2004; 
Namibia Info, 2014). 

 

Economic situation - Since its independency the Republic of Namibia is among the prosperous 
countries in Africa (The World Bank, 2014c). Its economy is strongly related with South-Africa 
which remains its major trade partner. Furthermore the Namibian dollar is linked to the South-
African Rand so the economic evolution of Namibia is following its big neighbour’s one. Since 
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the independency Namibia has a steady growth and exports, a moderate inflation and a limited 
national debt.  After the world economic crisis of 2008 the government acted quickly to counter 
it with fiscal reforms and since the growth has been stabilized around 5% in 2012 (World Bank, 
2013; World Bank 2014b).  

The economy is mainly based on the whole sale & retail trade, manufacturing, mining, tourism, 
farming, fishing and food processing. With a small internal market Namibia is strongly dependant 
on the export to other country. The country is having a rather good road and communication 
network and it is currently expending its railway network, mainly to link the large harbours on the 
coast to the inside of the country (World Bank, 2013).  

With an income per capita of 5’610$ in 2012, Namibia is considered as a middle-upper income 
country. However this picture is far to be a realistic picture as severe inequalities still exist in the 
Namibian society which could be considered as a dualistic society (World Bank, 2013). The 
Unemployment rate is still extremely high with 27.4 percent of the populations according to the 
NSA ( (Namibian Statistics Agency, 2013). The employment rate as nevertheless increased the 
past decades, particularly in rural areas. The living conditions of Namibians have improved since 
the independency, but high inequalities remain within the society. A bit more than 28 percent of 
the population is living under the national poverty line (in 2009) compare to 69,3 percent in 1994. 
On the other hand the 20 percent richest still own 68,6 percent of the wealth (2004) compare to 
78,8 percent in 1993 (World Bank, 2014d). With such figures Namibia has an estimated Gini 
Index of 0.5971 in 2009, what is making the country one of the most unequal in the world 
(World Bank, 2013; CIA, 2014). 

 

Policies and environment 

Conscientious of the importance of biodiversity and environment to the Namibian people, the 
constitution of Namibia adapted in 1990 is mentioning sustainable development with the article 
95 (Namibia, 1998). 

“Article 95 Promotion of the Welfare of the People 
 
The State shall actively promote and maintain the welfare of the people by adopting, inter alia policies aimed at the 
following: 
 

(l) maintenance of ecosystems, essential ecological processes and biological diversity of Namibia and 
utilization of living natural resources on a sustainable basis for the benefit of all Namibians, both present 
and future; in particular, the Government shall provide measures against the dumping or recycling of 
foreign nuclear and toxic waste on Namibian territory.” 
 

Thus the Namibian constitution which gives the basis for all the policies and regulations is 
explicating the goals of reaching a sustainable development. The environmental law is then 
detailing much more the goal and the operation of the environmental legislation in Namibia. This 
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text is quite complex but it enounces five areas of major concern (Ruppel & Ruppel-Schlichting, 
2011): 

- Land Degradation and Soil erosion 
- Deforestation 
- Water management 
- Climate change 
- Waste and pollution 

From these five points, three could be directly linked to waste issues. Obviously “Waste and 
pollution” is referring directly to the waste management. Climate change and the water 
management are also directly affected by the management of waste. Recycling is lower the carbon 
dioxide emission by using less resource than virgin materials. Methane is emitted from the landfill 
and dumps if the sites are not well managed. The leachate can also contaminate surface and 
ground water. The law also recognizes that the waste industry is still underdeveloped. However 
the different concern areas are depending on different organisms and ministries what could lead 
to a lack of cohesion and to conflicts between the different organs of the government (Dahlberg 
& Wingqvist, 2008). 

The government also launched a series of development programs which is including 
environmental concerns. The Vision 2030 programme is aiming to develop wealth and prosperity 
among the population while including the importance of the biodiversity in this process (Namibia 
Vision 2030, 2004). Namibia also joined various international protocols and conventions as for 
example the Montreal protocol for the ozone layer, the Basel convention concerning hazardous 
wastes, the Kyoto protocol or the Stockholm convention against organic pollutants (Ruppel & 
Ruppel-Schlichting, 2011).  

Discussions with locals working with environmental issues enlighten the fact that Namibia does 
not only need a good law but also the right people to apply it. The environmental Namibian law 
is very complete but the justice is not very familiar with ecological issues and there is a lack of 
judges with the right knowledge. Moreover environmental questions in media are not common 
because there is also an insufficiency of journalists specialized in such topics.  

 

Waste Management in Namibia – Only little informations are available about the waste 
management world in Namibia. The only information about the generation rate of waste is 
available at the World Bank. As population density is very low, there is no issue with the land 
utilization and most of the disposal sites in Namibia are dump site. Most of them are open dump 
with no control. Only three sanitary landfills exist in the country, including Windhoek’s one 
(Shipangas, 2013). There are only few studies about waste management and recycling in Namibia. 
On PhD thesis published by Hasheela in 2009 is investigating the waste management achieved in 
Windhoek. It includes a complete characterization of the generated waste and the author is also 
studying briefly some major town in Namibia, but not Tsumeb (Hasheela, 2009).  

Two others paper are also focusing on Namibia waste management. A case study done for a 
master thesis is looking on waste management done in the city of Rundu, Namibia and on the 
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possibility to implement a sustainable management (Lindell, 2012). The second study is a 
bachelor thesis investigating on the stakeholder around recycling business in two Namibian cities: 
Keetmanshoop and Ondangwa (Magen, 2010). 

Concerning recycling, only the capital of Namibia, Windhoek, implemented a large scale recycling 
process, for which the company Rent-a-drum is responsible (Rent-a-drum, 2014). The company 
is operating a large sorting facility outside Windhoek (see Picture 2). The company is working 
with both pre-sorted and non-sorted wastes. The company has several offices in other Namibian 
major towns like Walvis Bay, Oshakati and Swakopmund for instance (Rent-a-drum, 2014). 
Windhoek sorting station is employing a staff of 130 people and is able to process up to 1600 
tons of waste per month. On the waste be sorted, 20 percent of the input cannot be recycled and 
need to be landfilled. Almost all the recyclable are sold in South-Africa. They are transported by 
trucks. There is only a small market for recyclable plastics in Namibia, but the waste paper, glass 
and metal scrap are sold South Africa or exported oversee (Ashipala, 2012; Fatima Plastic, 2013; 
Plastic Packaging Namibia, 2014). The company is aiming to do their own recycling by building a 
paper toilet factory that would use only recyclable paper. 

 
Picture 2 Rent-a-drum sorting facilities in Windhoek, Namibia. 

 

6.2 Background informations on Tsumeb 
Tsumeb history - The history of Tsumeb, the capital city of the Oshikoto region in the northern 
Namibia is starting at of the 19th century. Despite the fact that the area of the current town was 
known since prehistoric time by local tribes which were digging and trading the copper ore 
present in large quantities in the ground, the modern development of the city started in 1893 
when a prospector, Matthew Rogers, reported to the South West Africa Company the large 
amount of ore available (Tsumeb, 2002; Namibia 1on1, 2013). The development of mining tooks 
rapidly places and in 1900 the first batch of ore was shipped. Later, in 1905 the town was 
officially created. The exploitation of the mines went until 1996, when because of strikes, low 
copper price and the expensive underground mining, the production was shut down. 30 million 
tons of ore were extracted during the operation of the mines. It was progressively re-open and 
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the owner changed twice. Finally the current owner, Weatherly International Inc. closed the 
mines in 2008. The company is now planning to re-open the mines in 2015 (Weatherly 
International, 2014). The richness of the ore extracted in Tsumeb is recognized worldwide and 
some minerals can only be founded here. Copper, lead, germanium and zinc were the most 
produced metal. After the closing of the mines the economy of Tsumeb slowed down, with an 
increase of the unemployment. After this crisis, the economy of the town started slowly to 
diversified its activities to avoid being dependent on only one big sector. The town is growing 
quite fast and a whole range from non-skilled to highly skilled people are on the work market. 
Furthermore, in 2010 Dundee Precious Metals Inc. bought the smelting facilities of the mines 
and the company is starting progressively again the production of copper, but with imported 
minerals only (Dundee Precious Metals, 2012b). The smelting is specialized in high arsenic 
content for which the facilities are adapted. This re-opening will bring hundreds of new families 
in town and it is expected to raise significantly the consumption and the growth of Tsumeb.   

 

District and Population – The town is mainly divided in three main areas, the town itself (high 
and medium income), Nomtsumb (medium and low income) and business area. The population 
of Tsumeb is estimated to be around 30’000 inhabitants nowadays (April/May 2014). The 
calculations of the total amount of waste generated are based on figure between October 2012 
and July 2013. During this time, the population has been estimated to be around 28’000 peoples. 

 

Water System – Tsumeb is located on the groundwater reservoir which give to the town the 
fresh water that it needs. All the drinkable water of the town is pumped from this reservoir. A 
light chemical treatment by addition of sodium chloride and hydrochloric acid is performed 
before the water is sent to the household. The treatment is mostly done to correct the hardness 
of the water so the water could be drink without treatment.  

The sewage water is pre-treated in a plant before been use to water the public garden watering. 
The treatment plant is not performing a complete treatment and the treated water is not 
drinkable. The processing of the sewage water is done through sedimentation basin, biological 
treatment, aeration tank and finally with an open lagoon. 

 

Industrial, business and medical activities – The heavy industry in Tsumeb is mostly 
represented by the smelting company. Furthermore, 45km in the south of the town is located the 
only cement factory of Namibia. The facilities are operated by Ohorongo Cement which is hold 
by Schwenk group, based in Germany. The factory which is in operation since 2010 is producing 
more than 700’000 tons of cement per year. It is covering all Namibian’s need as well as 
exportations to neighbour countries (Ohorongo Cement, 2013). The plant is fuelled with a mix of 
coal and wood. During the design of the factory, the possibility to fuel the plant with waste or 
tyre was investigate but the volume generated locally are too low to be economically viable. 
Closer of the Tsumeb, there are smelting facilities which are operated by Dundee Precious Metal. 
The factory linked to the mines when they were in operation. Now the factory is refining copper 
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ore imported from oversee (Dundee Precious Metal, 2012a). They are currently building a new 
treatment plant for the flue gases created in the smelting process. The treatment will remove the 
sulphur dioxide from the flue gases and transform it into marketable sulphuric acid (Economist 
Namibia, 2013). Tsumeb mines own by Weatherly are currently closed but they are expected to 
re-open soon (Weatherly International, 2014). 

Tsumeb has various businesses as supermarkets, hotel, restaurant, truck and car workshops, gas 
stations, cloths and divers goods shops. The town is also profiting indirectly from the tourist flow 
connected with the national park Etosha, situated 100km away. A public and a private hospital 
are located in town. Each of them is incinerating the hazardous medical wastes. 

 

Surrounding Cities – Otavi and Grootfontein are located both around 60km to the south and 
south-east of Tsumeb. They have a size similar than Tsumeb. Oshakati is situated 230km in the 
north of Tsumeb and it is a bit bigger town (around 35’000 inhabitants). The capital of Namibia, 
Windhoek is 450 km in the south. All these cities are connected with the Namibian’s highway 
network. 

 

Twinning Town: Falun – Since 2008 Falun, Sweden is collaborating with Tsumeb to help the 
development of its public services as education, democracy in order to give more independency 
to Tsumeb towards the national government. In 2010 Tsumeb requested a collaboration for 
improve their waste management system, mostly because of the threat cause by the situation of 
their dumping site right above a groundwater reservoir. The project aims to implement a 
sustainable waste management in Tsumeb within 10 to 15 years. It includes solution to the 
current dumping site, the creation of a new sanitary landfill as well as the recycling and the 
reduction of the disposed waste. This thesis is part of this collaboration and intended to 
investigate solutions for waste recycling in Tsumeb.  

 

6.3 Tsumeb Waste Management 
Waste Collection in Tsumeb - In Namibia local authorities are responsible for the collection of 
municipal wastes. According to the Namibian law, the municipality have to provide a wastes 
collection and disposal to the inhabitants. The waste management in Tsumeb is directed by the 
health and environment manager. He is responsible for the household refuse removal, street 
cleansing, garden refuse removal, the park maintenance and public health. 

The cleansing department is managed by the cleansing officer, who organise household and 
garden waste removal as well as the street sweeping. Concerning the household refuse removal 
and street sweeping part, he is at the head of a team of 3 permanent employees, 19 temporary 
workers and 15 working with the sub-contracting company, Enviro-fill. The department has the 
following fleet of vehicles: 

• One compactor truck from 1984 containing 15 m3 of compacted waste 
• One tip-truck from 1990 with a volume of 5 m3 
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• Two pick-up cars from 1997 and 1998 with a volume of 2.8 m3 

The municipality also own another compactor truck and a tipper-truck that are currently in 
breakdown. 

The cleaning of the town is divided among following different areas and jobs: 

Table 4 Waste removal in Tsumeb 
Name Job Area Frequency 

Town household refuse removal Refuse 
removal Town Monday 

Nomtsumb household refuse removal Refuse 
removal Nomtsumb Wednesday-Friday 

Business refuse removal Refuse 
removal 

Town & 
Nomtsumb 

Mainly Tuesday, some the other 
days 

Nomtsumb contractor Street 
sweeping Nomtsumb Every day 

Push-cart and bag remove from open 
area 

Street 
sweeping Town Every day 

 

The type of waste of each of these categories is expected to be quite different. The way the 
residents/workers/businesses are disposing refuses on the street for the removal differ for each 
origin. In the town area, it will be mostly bags, in Nomtsoub it will be drums and business a 
garbage room/space. The Picture 3 shows an example of refuse storage of a grocery shop. 

 
Picture 3 Example of a refuse premise of a business 

 

The amounts of waste collected in each of these categories are reported every month in the 
health report writing by the health manager. These monthly reports were the basis to estimate the 
amount of waste generated in Tsumeb (see appendix B). 
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The residents are paying 174.03 N$ per month for one refuse removal per week. Businesses are 
paying the same amount if they are using drums but if they have a garbage room the rate is 
177.24 N$ per removal. All residents have to pay this tax, even if they are bringing their wastes 
directly to the landfill as the fee is also include the management of the waste disposal. 

 

Waste Disposal in Tsumeb - Almost all the waste fractions collected in Tsumeb are ending at 
the dumpsite, a bit outside of town. The site is managed by Enviro-fill a Namibian waste 
management company which employs 2 workers on the site. The access is done through a gravel 
road. It could be considered as an open-dump site, as no fences are closing the perimeter. 
Thereby a population of more or less 30 informal workers is working on the site. Most of them 
are looking for food or goods that could be reuse, only a very few are collecting recyclable and 
they are mostly looking for metal scarps, cans and PET bottles. 

Numerous children are also present as well as young mother with babies (see Picture 4).  

 
Picture 4 Tsumeb dump site 

 

The maintenance of the dump site is done approximately one time per month with a bulldozer 
which is compacting wastes and mixing them with soil.  

The dump site is located on a ground water reservoir and will be closed within a few years to 
avoid the contamination of the precious water resources. A new sanitary engineered landfill 
located on a safe geological zone will be then open. 
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7 Characterization of Tsumeb wastes 
 

The characterization was done according to the methodology describe above. A composition for 
each categories as well as an overall estimation of the waste composition have been calculated. 
Summarize composition results are presented in the Figure 3. For the details concerning samples 
composition, see appendix A) 

 

 

 
Figure 3 Composition of the different waste stream 
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The Table 5 shows the composition of the analysed waste spitted in 13 categories of wastes. The 
Standard deviation is also given to show the reliability of the results: 

Table 5: Detailed composition of the waste stream and density 

 Household Nomtsumb Household town Street sweeping Business 

 
Composition 

(%) 
Standard 
Deviation 

Composition 
(%) 

Standard 
Deviation 

Composition 
(%) 

Standard 
Deviation 

Composition 
(%) 

Standard 
Deviation 

Paper 6,4 5,2 6,8 3,0 9,4 5,5 5,9 4,2 

Cardboard 3,2 2,1 2,7 1,3 5,6 3,9 19,8 15,6 

Mixed paper 7,0 1,5 8,7 3,0 8,8 3,0 8,5 4,9 

Glass 4,2 2,5 9,1 4,0 5,6 5,0 16,9 17,0 

PET 2,9 0,8 3,8 1,2 5,2 1,7 2,6 1,2 

Plastic Film 5,0 1,5 7,1 2,0 10,5 1,8 12,8 11,5 

Mixed plastic 6,6 1,9 8,1 2,4 8,2 2,7 6,1 4,7 

Metal 3,2 1,2 6,0 2,9 6,9 3,2 4,1 2,7 

Electronic 0,1 0,3 0,0 0,1 0,0 0,0 0,0 0,1 

Organic 34,0 7,6 27,6 2,4 22,8 10,2 17,7 11,4 

Textile 17,3 9,0 9,4 8,7 10,6 5,6 1,3 2,7 

Hazardous 0,0 0,1 0,1 0,2 0,1 0,3 0,2 0,9 

Rest/Soil 10,2 7,5 10,6 7,0 6,3 4,8 4,1 4,9 

         
Density (kg/m3) 109,1 82,4 104,5 72,6 

Standard deviation 20,7 7,5 20,3 22,5 

 

Depending on their origin, the refuse studied show different results that are coherent. First in the 
paper category, the ratio is slightly higher in town area than in Nomtsoub, but it is much bigger 
for business where a lot of cardboard are discarded in supermarket for instance. The street 
sweeping is also containing almost 24 percent of paper but is more in a form of newspapers or 
paper packaging.  

The glasses ratios are much higher in the town area than in Nomtsoub and in the street litter. The 
population of Nomtsoub prefer maybe to buy the glass bottles with the deposit as they can 
recover a bit of money from it. The very high ratio of almost 17 percent in the businesses is 
probably due to the bars, restaurants and cafeteria. A very small amount of glass bottle with a 
deposit has been counted in all the categories. This is indicating that the deposit system is 
working well to lower the glass wastes. 

Regarding the plastic, PET does not represent a very high weight in the refuse but their volume is 
quite important and it can easily represent 20-30 percent of the total volume of the sample. The 
mixed plastics represent the highest ratio for the household wastes in both areas. It is mainly 
composed by food packaging (milk, meat, etc…). For the street sweeping the loose plastic bags 
found in the street represent a lot of the 10.5% of plastic film founded while for the business the 
large ratio of the plastic film is mainly packaging plastic film used during the transport of the 
goods. 

Metal are mostly composed by beverage cans and food cans. It should be reminded that in 
Namibia soda cans are still made in steel and not in aluminium. 
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The organic fraction is a bit higher in Nomtsoub as expected because the living standard is lower 
than in the town area. Most of the organic wastes are food wastes, a small part is also garden 
waste. The relative high ratio in the street sweeping bags is explained by the banana and the 
boiled maize that the local population enjoy eating. The fraction present in the commercial waste 
is mainly coming from restaurant or supermarket cafeteria. A surprisingly low amount of food 
discarded because of the consuming date has been founded in the garbage. Employees are maybe 
recovering them despite it is illegal.  

The textile category is also hiding personal care product, and product like diapers are actually 
representing the bigger part of this fraction for the household refuse. 

Very low amounts of hazardous and electronic waste are found in the refuse, no matter the 
origin. There is probably a much more efficient second hand market for electronic devices 
compare to Europe and only the really broken device are discarded. Furthermore the 
characterization was only focussing the on the refuse collected by the public service. Much of the 
big appliances are not collected by them and people are bringing them directly to the dump site 
what is not appearing in this present study. The only hazardous waste founded where a couple of 
fluorescent light and some rests of paint and oil. 

The last fraction contains the remaining of the waste after the sorting and some waste that are no 
fitting in the previous category (ceramic, stone, ash, etc…) and this is difficult to identify any 
trend in the figures founded. 

 
Figure 4 Waste ending at Tsumeb dump site (see appendix B) 
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The Density founded for the waste are rather low, around 100 kg/m3 and even lower for 
business and the town household waste. According the literature, the density is in a range 
between 100 to 400 kg/m3 depending on the waste composition (UN-HABITAT, 2010). The 
lowest densities are found in high income countries while the large fraction of wet organic 
material in low and middle income countries is leading to high density. This is a first evidence 
that Tsumeb waste a similar to high income countries refuse. 

The total amount of each origin can also be found with density calculated previously and the 
figures founded in the health report (see appendix B for calculations). The household wastes 
represent the largest part of the waste ending in the landfill with 60 percent of the total (35 
percent for the household in total and 25 percent for the Nomtsoub district). The commercial 
refuses are following with 27 percent and finally the street sweeping which represent 14 percent 
of the waste collected by the municipal services. The average composition of the wastes 
considered is also calculated and shown in Figure 5. 

 

 
Figure 5 Average composition of Tsumeb’s collected wastes 

The average composition of Tsumeb collected wastes is compared with the figures of the World 
Bank for upper-middle income countries and high income countries in the Table 6. 

Table 6 Composition of Tsumeb, Upper-middle income and high income countries wastes (Hoornweg & Bhada-Tata, 
2012) 

 
Tsumeb average 

(%) 
Upper Middle Income countries 

(%) 
High Income Countries 

(%) 
Organic 26 54 28 
Paper 24 14 31 
Plastic 20 11 11 
Glass 8 5 7 
Metal 5 3 6 
Other 17 13 17 
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26%

9%

0%
8%

Composition total household wastes

Paper

Glass

Plastic

Metal

Electronic

Organic

Textile

Hazardeous

Rest/soil
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The table above is showing that Tsumeb refuses are much more similar in composition to high 
income countries than upper middle countries. Tsumeb only generated a bit less paper but more 
plastic than high income countries, otherwise the ratios are very close. This is also supporting the 
finding about the density which is comparable to the developed countries ones. 

The health reports are written since mid-2008 so an evolution of Tsumeb waste generation over 
the past years can also be plotted (see Figure 6). The sub-contractor Enviro-fill started its 
operation in September 2009, from that date the collection service is expected to reach a 90-100 
percent refuse removal. As the first months were a bit unequal, probably due to operation 
adjustment, the evolution of the waste generation was plotted from January 2010 till December 
2013. Months with un-consistent figures (breakdown, conflict, etc...) have not been reported in 
this plot. Its use is more qualitative, to try to identify a trend in the waste generation in Tsumeb. 
The entire graph can be found in appendix C. 

 
Figure 6 Tsumeb waste generation per tons (blue= raw data, black = average)  

The amount of collected waste is decreasing until January 2013, when it starts to increase again. 
One reason to explain that is in 2008 the mines closed and people were leaving Tsumeb because 
there were no more jobs. It is in 2010 that Dundee bought the smelting factory and started to 
improve it to restart and increase the production (Dundee Precious Metal, 2012a). 
Refurbishments and the production line are asking qualified workers who come in town from the 
rest of Namibia or from neighbour’s countries. 
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8 Survey on the actual recycling in Tsumeb 
 

Some recycling is already happening in Tsumeb. The field study was also a good opportunity to 
meet the local actors and possible new actors to discuss about the situation in Tsumeb and about 
solutions. 

 

8.1 Local authorities plan for recycling and future waste management 
As said above, Tsumeb dump site is located on a ground water reservoir. The consequences in 
case of contamination of the water will be terrible for this country with scarce water resources. 
Therefore the local authorities are investigating a new site and the possibilities to change built a 
sanitary landfill. The planning of this new site is currently examined with the participation of the 
twining Swedish town Falun. The waste will be much more isolated from the environment and 
the entrance to the site will be also controlled, with fence around the site. The landfill will be also 
equipped a weighbridge to have a good monitoring on the operation. This new site will be a good 
occasion to implement a recycling facilities and storage space for recyclable if such project is 
feasible for Tsumeb situation. 

The municipality is also going to acquire a new compactor truck, expected to start to operate 
around the summer 2014. To improve the waste collection, wheelie bin will also be implemented 
in town. A pilot project will involve first the businesses and if it is working it will be extend to 
town. The combination of a new truck and the implementation of wheelie bin are expected to 
make the refuse collection much more easy and efficient, particularly for large businesses that are 
currently pilling their waste in small premises and need to be picked up by hand. 

Concerning recycling no define plan is draw yet. The local authorities prefer to have first a good 
working waste management collection and disposal. 

 

8.2 Stakeholder involve waste management and recycling in Namibia 
The waste management and recycling business in developing countries is much more different 
than in developed countries. In Tsumeb or in Namibia more generally, this business involves a 
lot of different type of stakeholder, from the street picker to the big recycling and manufacturing 
companies. The stakeholders identified as part of the recycling business in Tsumeb are listed in 
the Table 7. 

At the lower level it is mainly informal worker as street picker or scavengers who are mostly 
looking for food at the dump-site, collected cans and re-usable bottles to sell them to the scrap-
yard or to intermediate buyers. These people are generally not very organize, have a low 
education,  they do not own any transportation vehicle and recycling is for them a mean to own a 
bit of money to survive. They are vulnerable to the price of recyclable, to bad working 
environment and also they are at the limit to be legal when working on a dump site. 
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Table 7 Current stakeholder involved in recycling in Tsumeb 

Stakeholder Function Benefit Issues 

Scavengers Pick up cans PET at the dump 
site 

Decrease landfilled wastes 
Employ people 

Bad working 
environment 
No storage 
No transportation  

Scrap yards Buy all type of metal scraps Decrease landfilled wastes 
Employ people  

Intermediate buyers Buy returnable beer, Coca-cola 
and wine bottles 

Decrease landfilled wastes 
Employ people 

Limited storage 
No good knowledge 
about possible partners 

Buyer outside of town Buy PET bottles Decrease landfilled wastes 
Employ people  

 

When we go to the higher level, the stakeholders are much more organize and are mostly 
working on a national level. For instance intermediates as the scarp yards or glass bottle buyers 
are treating much bigger volume by buy to scavenger and they are selling their material to 
companies or trade them directly. Their profit is also depending strongly on the price of 
recyclable, but the high volume treated makes them less vulnerable. They also own or have 
partnership for transportation, to sell the recyclable around the country. 

At the higher level there is the big waste management and recycling companies, which have 
enough capacity to get public contract. The volumes treated are very high and they trade the 
recyclable mostly in South Africa as the market for recyclable in Namibia is very small. They can 
propose a full service, from the prevention, collection to the treatment and shipment.  

Apart from this stakeholder directly involved in the waste management, the recycling business is 
also involving a much larger number of companies and institution. Manufacturer, transportation 
companies, organizations, public authorities (local, regional and national), citizens, workers, etc… 
are all also involve in the recycling process. 

 

8.3 Involving more stakeholders in recycling 
There are numerous other stakeholders that could also be taken in the journey toward more 
recycling. They are mostly acting at a regional, national or international level. The new 
stakeholders are listen in the Table 8. 
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Table 8 Stakeholder possibly involve in recycling in Tsumeb 
Possible Stakeholder Function Possible Benefits Possible Issues 

Recycle forum Namibia 
Network of recycling 
actor, education about 
recycling 

Advertisement about improvement 
Strengthen the partner network 
Help on education program  

Tsumeb Municipality Responsible for collection 
and removal 

Provide storage space 
Help for local transportations 
Better control on scavenging 
Support local recycling companies 

 

Transportation company Transport solution Bring recyclable to appropriate buyers Cost too high 

Rent-a-drum Recycling companies in 
Windhoek Buy all type of recyclables Transportation cost 

Small volumes 

Teacher Education Give education about recycling  

Schools Education 
Can already work on recycle material 
as cans (can collection competition 
between schools)  

Namibian development bank 
Founding development 
and environmental 
protection project 

Invest in recycling facilities/equipment Pay back of investment 

Private investor/entrepreneur Invest in or create 
recycling companies 

Employ people 
More dynamic than public services 
big recycling company & organization 
helps entrepreneur to develop 

Skilled and connected 
people 
Conflict with current 
workers/companies 

 

Recycle Forum Namibia (RNF) is an association which aim to develop recycling in Namibia. The 
forum is regrouping the biggest companies involved in recycling (Witt, 2014): 

• Rent A Drum 
• Ohlthaver & List Group (Breweries, Namibian dairies) 
• Collect a Can 
• Plastic Packaging 
• City of Windhoek - Solid Waste department 
• The Glass Recycling Company (South Africa) 
• Sappi (South Africa) 
• The Document Warehouse 
• MPact Corrugated 

 

The forum is organizing events to promote recycling to the public. It is also helping with 
education in school. Currently most of the events are happening in Windhoek or in the biggest 
town such Swakopmund or Walvis Bay, but it is a great opportunity to include Tsumeb in the 
network of the recycling towns. The RNF can also promote the efforts made by Tsumeb in the 
media and also help for the communication and the education. 

Tsumeb municipality is not involved in the recycling happening currently. The authorities have 
the power to support recycling with easily implementable and cheap solution in a close future and 
with larger investment when the new landfill site will be operational. They also have the 
possibility to adapt the taxes and the regulation to enhance local recycling. The municipality will 
play an important role when the new landfill site will be operating as it will be a great opportunity 
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to start something new and adapted to Tsumeb situation. The labour of the informal workers can 
be much more controlled for instance and the facility can be adapted to do some recycling. 

The recycling company Rent-a-drum is definitely a potential partner. The company is buying all 
the common recycled materials. In the past Tsumeb had a Rent-a-drum recycling facility but it 
was close because of low productivity (Reinhardt, 2014). The company is not planning to try to 
re-open the facility but they are willing to find a collaboration with a company or an individual in 
Tsumeb. Rent-a-drum is also willing to help with selling or renting a baler to compact the waste 
and make the transport more efficient. 

Other stakeholders with smaller influence will be involved in a large scale recycling in Tsumeb. 
There is almost 500 km between Tsumeb and Windhoek, the transportation will be a critical step. 
Trucks will be probably doing the job but there is also a rail way until the capital that can also be 
used. To reach a successful recycling process the school could help with education to the kids but 
also game and competition based on recycling. 

The implementation of a recycling centre will need investments. If they are too heavy for the 
municipality, the Namibia Development Bank can be a solution. The organization shows in the 
past that it is sponsoring waste management and recycling companies (Development Bank of 
Namibia, 2014). Investment could also come with local companies and entrepreneurs. Also the 
newly created municipal company of Tsumeb can also serve this purpose.  

 

9 The value behind recycling 
 

Any recycling implementation will have to deal with the economics of the process. What is really 
recoverable? How much money can be recovered? Economic figures are also important to get 
the attention of the political authorities. A recycling plan can be implemented only if it is not too 
heavy to maintain for the municipal budget. This paragraph intends to give some estimation of 
the value of Tsumeb waste. 

 

9.1 The prices in Namibia 
The prices for the main recyclable material have been obtained from the recycling company Rent-
a-drum and from local scrap yards (Reinhardt, 2014). They are listed in the Table 9. This is the 
price that they pay to individual people like informal workers for instance. 

Prices for recyclable have been given by the main recycling company in Namibia, Rent-a-drum. 
The local scrap yard and the scavenger have also been consulted. Only the cans are bought 
locally, the price of 500 N$/ton is given by the scrapyard but some informal workers claimed to 
be paid 10 N$/kg for cans. The scrapyard is also buying for higher prices other type of metal as 
steel, aluminum, iron scraps, copper, etc… The price for recyclable are surprising low compare to 
European ones: 50 N$ for the glass, 800 N$ for mixed paper and up to 2800 N$ for the PET in 
May 2014 (Letsrecycle, 2014). As almost all the material are then send to South-Africa the costs 
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in transportation are probably lowering the prices. It was also not possible to get an evolution of 
the price in the past which would have been good to see the stability of the prices in Namibia.  

 

Table 9 Price for recyclable in Namibia, May 2014 (Reinhardt, 2014) 
Material N$/tons 

Cardboard 200 
Paper 300 
Glass 160 
PET 400 

LDPE 270 
Cans (Rent-a-drum) 450 

Cans (Local scarp yards) 500-1000 
 

 

9.2 What could be possibly recovered? 
By achieving a complete characterization of the waste generation in Tsumeb, it is also possible to 
estimate the value of the recyclable material currently buried at the dump site. When calculating 
such monetary value for recyclable one should not forget that not 100% of a fraction can be 
recycled. A part of the material collected will be dirty or not be able to be used. The percent of 
recyclability of each fraction is found in the literature. The Table 10 is showing the amount 
recyclable as well as the value of them base on the price given above: 

Table 10 Possible value generated per month with recycling in Tsumeb (William, 2005) 

 Mass (tons) % Recyclable Mass recyclable (tons) Value (N$) 
Paper 22,9 60 13,7 4124,2 

Cardboard 28,7 60 25,8 3439.2 
Rest Paper 27,2 0 0,0 0,0 

Glass 26,7 90 24,0 3840,1 
PET 11,2 70 10,1 3131,64 

Plastic Film 30,1 70 21,1 5689,4 
Rest Plastic 24,3 n.a. 0,0 0,0 

Metal 16,0 75 12,0 9024,9 
Electronic 0,2 n.a. 0,0 0,0 
Organic 86,0 50 43,0 0,0 
Textile 30,4 50 15,2 0,0 

Hazardous 0,4 n.a. 0,0 0,0 
Rest/soil 26,0 n.a. 0,0 0,0 

Per month 330,2 - 164,9 29249,3 
 

The value of the possibly recyclable material in Tsumeb could generate almost 30’000 N$ per 
month if they are sold to an intermediate company like Rent-a-drum. The cost of a balers could 
also be included as a medium size second hand balers could be found around 80’000N$ on the 
South African market (OLX, 2014a; ALX, 2014b). With a pay back of 1335N$ per month, the 
baler will be totally paid within 5 years. Rent-a-drum also said they were willing to help by selling 
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or renting a baler if a recycling initiative is launched. Furthermore, with baled material the 
transport is much more efficient and money will be saved on transportation costs. 

 

Implementing recycling in Tsumeb will be achieved by steps. Probably at the beginning only a 
fraction of Tsumeb waste will be sorted. The composition of the waste is now known and the 
price of material too, so it is possible to calculate the average value of a ton of waste. The Table 
11 shows the price of one ton of waste according their origin. The value was calculated based on 
the price and the composition described above. 

 
Table 11 Value of one tons of waste depending of its origin 

 
Household 
Nomtsoub Household town Street sweeping Business 

Value recyclable 
(N$/ton) 60,9 91,2 112,4 126,8 

 

The business wastes will be the fraction to start with as it contains the most value in the waste. 
Moreover this type of refuse contain large amount of cardboard and plastic that can be easily 
sorted and also low amount of organic what will give a healthier working environment. The street 
sweeping fraction is also interesting as it contains quite large amount of newspaper, PET bottle 
and cans, which are all valuable materials. The town area and then finally Nomtsoub will be the 
last categories to be included in recycling process. 

 

9.3 The cost avoided 
A recycled waste is not only having its own value, it also avoids other cost. The biggest is 
probably the cost of maintenance of the dumpsite. The municipality is now paying the company 
Enviro-fill 85’000 N$ per month for the management of the dump site. This management include 
the wastes monitored in this present report (330.2 tons per month) but also garden refuses 
collected by the municipality. These green wastes represent 239.6 tons per month (Diebels, 2014). 
The total amount of waste disposed at the landfill is 569.8 ton per month. The management of 
the dump site is then costing 149 N$ per tons of waste disposed. For all material diverted from 
the site, the maintenance is less costly. 

 

10 Discussion 
  

The current main issue in the waste collection in Tsumeb is the multiple breakdown of the 
vehicles used. The municipality is working with outdated trucks (a 30 years old compactor truck 
for instance) that need constant reparation at the municipal workshop. The bad condition of 
certain roads as well as the access to the dumpsite is also putting mechanical pressure on the 
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vehicles. Furthermore the logistic concerning spare parts can take a long time as most of the 
parts will be imported from South Africa. 

The municipality is expected to have a new compactor truck for the summer 2014, what will 
make the collection much more efficient because it will solve many breakdown issues. Currently 
the compactor is very often in breakdown and the collection as to be done with tipper truck, 
which are much less efficient as it carries less waste. The municipality will also save money on the 
reparation costs of the old truck.  

The access to the dump site could be also maintain better by removing pot-hole for instance, to 
lower the mechanical constraint on the trucks. The management of the site is also quite chaotic. 
There is no different area to drop waste and everything is mixed together, household waste, 
garden refuse and building refuse. At least these three different fractions should be separated in 
different area of the site. This will also benefit the municipality for the closing of the dump site as 
the garden waste for instance which contains mostly sand, branches and grass will be mostly 
decomposed by then and could be used to recover the site of a fertile soil layer. Gravel and 
demolition waste could also be used in the layers to recover the dumpsite (drainage layer). The 
garden waste generated in Tsumeb is also investigated and it represents a great opportunity to 
implement a compost plant (Diebels, 2014). 

Most of the big business are now only using a premise or “garbage room” where they pile all 
their refuse (see Picture 3). The wastes have then to be pick up by hand and thrown in the truck 
by the municipal worker. This process is very time consuming and inefficient. The businesses 
with this bulk-removal pay 175N$ per removal, no matter of the size of their waste pile.  

A recommendation will be to charge the business according to the size of the garbage room or to 
the time that the workers need to clean it up. Businesses using this waste pile disposal are mostly 
gas station, furniture shops or supermarkets which are running well and a higher rate for removal 
should not disadvantage them. This could also incite them to invest in bins for an easier, faster 
and cleaner removal. 

 

10.1 Informal workers: A key asset 
As explained in the introduction, informal workers are big actors of the waste management in 
developing countries. Tsumeb has a small community of informal workers acting in recycling 
because most of them are only scavenging food. On a short term perspective the municipality 
could help them with the transportation from the dump site to the scrap yards, where they are 
selling the cans that they have collected. Such initiative will make their work more efficient as 
now they have to carry their collection by hand to the scarps yards. The distance is about 3 to 4 
km for one way. This would also show the interest of the municipality in their work and probably 
encourage more informal sector to start to collecting cans and make a living out of the sold 
materials. 

On a longer long term, the open of the new landfill will be a very good opportunity to organize 
the informal work. The new site will be closed by fences and the access will be controlled. An 
idea could be to allow only adult people to enter the site. The municipality would provide them 
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with gloves and respiratory masks to be sure they are working with decent protections in this 
polluted environment. Organizing an appropriate storage place will also be a rather cheap 
investment and it will also help the informal workers in their business. The storages have to be 
easily cleanable and avoid the material to fly away with the wind so the site will be kept proper. 
The landfill site could also be equipped with a scale so the workers could regroup and organize 
themselves for the sale of the materials. For instance they could gather materials separately and 
sell them together to get better prices.  

The main idea concerning the scavenger working at the landfill site is to give them the tools so 
they can operate efficiently and safely. 

 

10.2 Develop and find intermediate buyers 
The only intermediate buyers in are the scrap yards and the bottle buyers. Some bottle buyers are 
showing interest to develop their business by also collecting crushed glass to sell it on the South 
African market. Nevertheless after a dialogue with these entrepreneurs it becomes obvious that 
they lack of good information about possible buyers in Namibia. They also enlighten the fact that 
they are running now at full capacity and they would need more storage space to develop their 
business. Again the new landfill site would be a great opportunity to give them access to storage 
and it could also lead them to consider developing their business with other recyclable. This is to 
the municipality to include the intermediate buyers into the recycling planning. More cooperation 
can be achieved if a better dialogue takes place. The municipality can help these entrepreneurs 
with advices about the recyclable market and help them to develop their business. All the 
attention at the municipality will give to help them expand will only lead to benefits, as more 
people will gain money from waste picking and the amount of wastes landfilled will be lower. 

 

10.3 Education & marketing 
As some recycling is already happening in Tsumeb it will be the best to start education as soon as 
possible because it could take many years before people get really sensible about recycling. The 
recommendation will be first to focus on the cans as they are trade within town and now 
expensive logistic is needed.  

The education will take place a different level. The municipality could set a few special can bins in 
town, around the main street, the malls, open market and in the park. The aim here is not to 
collect large amount of can be more to start to show the people that recycling in Tsumeb is 
starting. During this step it is important to not remove the informal sector from the recycling 
process. Education can also be provided to the informal workers, inform them on safety and 
health. 

Another aspect of the education can be done with the schools. A first step could be to have a 
small education on recycling given by the teacher or health manager. A school completion could 
also be implemented where each school would collected the cans that the students are bringing 
and after one month for instance, the school which collected the larger amount is rewarded with 
a prize from the municipality. 
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11 Conclusion 
 

The context of Tsumeb is challenging when it comes to recycling. This is a town generating a 
medium amount of waste and very distant from recycling facilities. Furthermore the developing 
economy of Namibia is not allowing large investments into complex facilities. But moving 
towards sustainability is still possible by implement an integrated waste management. This report 
aimed to help to achieve the first steps of an IWM. The characterization done during the field 
study will be a milestone to know in which way Tsumeb waste have to be treated and disposed. 
Figures as the monthly amount or the density of wastes is also helping for the collection planning 
but also for the maintenance of the dump site and its future closure procedure. 

The survey among the stakeholders in the recycling business in Tsumeb and in Namibia show 
many opportunities despite of the geographical constraint. It is also surprising to see that a small 
scale recycling is already happening without any support from the authorities. The informal 
sector can play an important role in the recycling dreams of Tsumeb. The municipality dispose 
here of cheap workers who have already connections with recyclers and are willing to extend 
their profit. By supporting the informal sector in its recycling effort, the municipality will benefit 
from as it will be less costly than doing something totally new. A dialogue should be open 
between the different stakeholders in Tsumeb so new cooperation can be created and issues will 
be solved. 

The construction of the new landfill will be a good opportunity to develop and implement 
dedicated facilities for recycling. Nevertheless, the construction of the site is not planned before a 
few years but some work can already be done while waiting for the new disposal site. The 
education can already start had it will be a long process but if it is done efficiently it can give very 
good results. The material already recycled in Tsumeb like the cans are making sorting in public 
space already possible and also at low costs. A complete recycling will take time to implement but 
Tsumeb can already take the first steps toward sustainability. 
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Appendix  
 

 

Appendix A: detail sample composition 
 

This appendix is regrouping the results of the waste characterization. Table show the 
composition in Weight (kg) and in percentage of the entire sample analysed. The average 
composition of the category is also calculated. The weight of the samples is known so the density 
of the sample is also calculated. 

Household Nomstoub 

Sample 1 2 3 4 5 6 7 8 9 10 stdev Average (%) 

Paper 
Weight 1 1,4 1 1,1 1,8 1 1 2,1 5 0,8 

5,2 6,4 
% Waste 3,7 3,8 4,7 5,3 6,7 4,2 3,7 6,4 21,7 3,6 

Cardboard 
Weight 0,4 1,6 0,8 1,7 0,1 0,7 0,3 1,2 0,5 0,8 

2,1 3,2 
% Waste 1,5 4,3 3,8 8,1 0,4 2,9 1,1 3,6 2,2 3,6 

Divers Paper 
Weight 1,7 2,8 1,3 1,7 1,4 1,1 2,7 2,6 1,7 1,6 

1,5 7,0 
% Waste 6,3 7,6 6,1 8,1 5,2 4,6 10,0 7,9 7,4 7,2 

Glass 
Weight 1,1 0,4 0,4 1 2,3 1,8 1 1,9 0,1 0,9 

2,5 4,2 
% Waste 4,1 1,1 1,9 4,8 8,6 7,5 3,7 5,8 0,4 4,1 

PET 
Weight 0,4 1,3 0,8 0,4 0,9 0,9 0,8 0,7 0,9 0,5 

0,8 2,9 
% Waste 1,5 3,5 3,8 1,9 3,4 3,8 3,0 2,1 3,9 2,3 

Film Plastic 
Weight 1 1,4 1,1 1,7 1,1 1,4 1,4 1,1 0,9 1,5 

1,5 5,0 
% Waste 3,7 3,8 5,2 8,1 4,1 5,9 5,2 3,3 3,9 6,8 

Divers Plastique 
Weight 1,6 2,9 2,1 1,1 1,6 1,3 2,5 2,6 0,9 1 

1,9 6,6 
% Waste 5,9 7,9 9,9 5,3 6,0 5,4 9,3 7,9 3,9 4,5 

Metal 
Weight 1,4 0,3 0,7 0,7 0,7 0,8 1,2 1,2 0,4 0,7 

1,2 3,2 
% Waste 5,2 0,8 3,3 3,3 2,6 3,3 4,4 3,6 1,7 3,2 

Electronic 
Weight 0 0 0,2 0 0 0 0 0 0 0 

0,3 0,1 
% Waste 0,0 0,0 0,9 0,0 0,0 0,0 0,0 0,0 0,0 0,0 

Organic 
Weight 7,6 13,5 7,1 9,9 12,7 5,7 8,4 10,1 8,1 5,8 

7,6 34,0 
% Waste 28,1 36,6 33,3 47,4 47,4 23,8 31,1 30,6 35,2 26,2 

Textile 
Weight 9,3 3 5,3 1,3 1,2 3,7 5,1 7,9 3,1 5 

9,0 17,3 
% Waste 34,4 8,1 24,9 6,2 4,5 15,5 18,9 23,9 13,5 22,6 

Hazardeous 
Weight 0,1 0 0 0 0 0 0 0 0 0 

0,1 0,0 
% Waste 0,4 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 

Soil/rest 
Weight 1,4 8,3 0,5 0,3 3 5,5 2,6 1,6 1,4 3,5 

7,5 10,2 
% Waste 5,2 22,5 2,3 1,4 11,2 23,0 9,6 4,8 6,1 15,8 

Total Weight (kg) 27 36,9 21,3 20,9 26,8 23,9 27 33 23 22,1  26,2 
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Sample Weight (kg) Volume (m3) Bags Density (kg/m3) 
1 27 0,24 - 112,5 
2 36,9 0,24 - 153,8 
3 21,3 0,24 - 88,8 
4 20,9 0,24 - 87,1 
5 26,8 0,24 - 111,7 
6 23,9 0,24 - 99,6 
7 27 0,24 - 112,5 
8 33 0,24 - 137,5 
9 23 0,24 - 95,8 
10 22,1 0,24 - 92,1 

Total 261,9 2,4 0 109,1 
 

Household Town 

Sample 1 2 3 4 5 6 7 8 9 10 stdev Average 

Paper 
Weight 1,7 2,2 1,4 2,5 1,3 2,4 1,9 0,6 1,3 1,2 

3,0 6,8 
% Waste 5,2 7,0 5,3 8,7 5,0 14,3 8,5 3,0 5,2 5,8 

Cardboard 
Weight 0,7 0,8 0,7 1,5 0,6 0,8 0,2 0,6 0,5 0,3 

1,3 2,7 
% Waste 2,1 2,5 2,7 5,2 2,3 4,8 0,9 3,0 2,0 1,4 

Divers Paper 
Weight 2,3 3,3 1,4 4,7 1,5 1,2 2,1 2 1,7 1,9 

3,0 8,7 
% Waste 7,0 10,5 5,3 16,3 5,7 7,1 9,4 10,1 6,7 9,1 

Glass 
Weight 3,8 2,9 2,4 2,9 2,5 1,1 2,5 0,5 1 3,7 

4,0 9,1 
% Waste 11,6 9,2 9,1 10,0 9,5 6,5 11,2 2,5 4,0 17,8 

PET 
Weight 1 1,1 0,9 1,3 0,9 0,3 0,5 1,1 1,1 1,2 

1,2 3,8 
% Waste 3,0 3,5 3,4 4,5 3,4 1,8 2,2 5,5 4,4 5,8 

Film Plastic 
Weight 2,4 2,1 2,2 3 2,5 0,6 1,5 1,7 1,2 1,1 

2,0 7,1 
% Waste 7,3 6,7 8,3 10,4 9,5 3,6 6,7 8,5 4,8 5,3 

Divers Plastique 
Weight 2,8 1,4 1,6 2,3 1,7 2,2 1,3 1,9 2,3 2,1 

2,4 8,1 
% Waste 8,5 4,5 6,1 8,0 6,5 13,1 5,8 9,5 9,1 10,1 

Metal 
Weight 0,8 1,1 2,8 1,7 2,6 0,7 1,7 1,8 1,0 0,7 

2,9 6,0 
% Waste 2,4 3,5 10,6 5,9 9,9 4,2 7,6 9,0 4,0 3,4 

Electronic 
Weight 0 0 0,1 0 0 0 0 0 0 0 

0,1 0,0 
% Waste 0,0 0,0 0,4 0,0 0,0 0,0 0,0 0,0 0,0 0,0 

Organic 
Weight 7,6 8,6 7,3 8,3 7 4,2 5,7 6,1 7,8 6,2 

2,4 27,6 
% Waste 23,2 27,4 27,7 28,7 26,7 25,0 25,4 30,7 31,0 29,8 

Textile 
Weight 9,1 1,1 1 0,1 0,9 1,9 4,7 1,1 3,8 0,4 

8,7 9,4 
% Waste 27,7 3,5 3,8 0,3 3,4 11,3 21,0 5,5 15,1 1,9 

Hazardeous 
Weight 0,1 0,1 0 0 0 0 0,1 0 0 0 

0,2 0,1 
% Waste 0,3 0,3 0,0 0,0 0,0 0,0 0,4 0,0 0,0 0,0 

Soil/rest 
Weight 0,5 6,7 4,6 0,6 4,7 1,4 0,2 2,5 3,5 2 

7,0 10,6 
% Waste 1,5 21,3 17,4 2,1 17,9 8,3 0,9 12,6 13,9 9,6 

Total Weight 32,8 31,4 26,4 28,9 26,2 16,8 22,4 19,9 25,2 20,8  25,1 
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Sample Weight (kg) Volume (m3) Bags Density (kg/m3) 
1 32,8 0,24 4 136,7 
2 31,4 0,24 4 130,8 
3 26,4 0,24 5 110,0 
4 28,9 0,24 4 120,4 
5 26,2 0,24 3 109,2 
6 16,8 0,24 5 70,0 
7 22,4 0,24 4 93,3 
8 19,9 0,24 5 82,9 
9 25,2 0,24 4 105,0 
10 20,8 0,24 4 86,7 

Total 250,8 2,4 42 104,5 

     
Average Weight bag (kg)  6,0   

 

Business 

Sample 1 2 3 4 5 6 7 8 9 10 11 

Paper 
Weight 3,3 0,8 1 0,8 1,4 0,7 0,8 0,5 1,9 0,8 0 

% Waste 18,6 5,6 6,2 4,4 6,5 3,7 5,0 3,6 8,2 9,8 0,0 

Cardboard 
Weight 2,4 3,9 4 8,7 10 2,9 2,3 1,3 0,6 3,7 3,6 

% Waste 13,6 27,1 24,7 48,3 46,3 15,3 14,4 9,5 2,6 45,1 38,3 

Divers Paper 
Weight 2,3 2,4 0,9 2,1 2,6 3,8 1,1 0,6 2,7 0,5 0,8 

% Waste 13,0 16,7 5,6 11,7 12,0 20,0 6,9 4,4 11,6 6,1 8,5 

Glass 
Weight 0,1 0 0 0,8 0 0,9 5,3 1,4 10 0 0 

% Waste 0,6 0,0 0,0 4,4 0,0 4,7 33,1 10,2 42,9 0,0 0,0 

PET 
Weight 0,2 0,3 0,2 0,5 0,3 0,2 0,8 0,3 0,4 0,1 0,3 

% Waste 1,1 2,1 1,2 2,8 1,4 1,1 5,0 2,2 1,7 1,2 3,2 

Film Plastic 
Weight 2,6 2,5 2,4 1,5 1,9 2,2 1,9 6,4 1 0,5 1,2 

% Waste 14,7 17,4 14,8 8,3 8,8 11,6 11,9 46,7 4,3 6,1 12,8 

Divers Plastique 
Weight 1,8 1,4 0,3 1,4 1,4 4,5 0,8 0,5 0,9 0,4 0,5 

% Waste 10,2 9,7 1,9 7,8 6,5 23,7 5,0 3,6 3,9 4,9 5,3 

Metal 
Weight 0,5 0,3 0,3 0,5 0 0,4 1,5 0,4 2 0,3 0,4 

% Waste 2,8 2,1 1,9 2,8 0,0 2,1 9,4 2,9 8,6 3,7 4,3 

Electronic 
Weight 0 0 0 0 0 0 0,1 0 0 0 0 

% Waste 0,0 0,0 0,0 0,0 0,0 0,0 0,6 0,0 0,0 0,0 0,0 

Organic 
Weight 4,3 2,6 7,1 1,7 3 2,4 0,8 1,8 3,3 1,4 1,2 

% Waste 24,3 18,1 43,8 9,4 13,9 12,6 5,0 13,1 14,2 17,1 12,8 

Textile 
Weight 0 0 0 0 0 0 0,4 0,3 0 0 0 

% Waste 0,0 0,0 0,0 0,0 0,0 0,0 2,5 2,2 0,0 0,0 0,0 

Hazardeous 
Weight 0 0 0 0 0 0 0 0 0 0 0 

% Waste 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 

Soil/rest 
Weight 0,2 0,2 0 0 1 1 0,2 0,2 0,5 0,5 1,4 

% Waste 1,1 1,4 0,0 0,0 4,6 5,3 1,3 1,5 2,1 6,1 14,9 

Total Weight 17,7 14,4 16,2 18 21,6 19 16 13,7 23,3 8,2 9,4 
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Sample 12 13 14 15 16 17 18 19 20 stdev Average 

Paper 
Weight 0,7 4,0 0,8 0,3 1,9 0,5 0,7 0,2 0,3 

4,2 5,9 
% Waste 3,3 12,8 4,6 3,9 10,4 3,0 4,4 0,9 2,9 

Cardboard 
Weight 0,6 2,3 2,0 3,3 1,6 1,2 3,0 2,4 0,0 

15,6 19,8 
% Waste 2,8 7,4 11,4 42,9 8,8 7,2 19,0 11,4 0,0 

Divers Paper 
Weight 1,1 0,3 0,6 0,0 1,1 1,2 1,3 2,9 0,9 

4,9 8,5 
% Waste 5,1 1,0 3,4 0,0 6,0 7,2 8,2 13,7 8,8 

Glass 
Weight 6,0 4,8 6,1 0,0 9,8 6,9 3,9 4,5 2,2 

17,0 16,9 
% Waste 28,0 15,4 34,9 0,0 53,8 41,3 24,7 21,3 21,6 

PET 
Weight 0,7 0,6 0,5 0,4 0,3 0,8 0,5 0,5 0,3 

1,2 2,6 
% Waste 3,3 1,9 2,9 5,2 1,6 4,8 3,2 2,4 2,9 

Film Plastic 
Weight 2,2 0,6 1,6 3,4 0,5 1,2 1,6 1,3 0,8 

11,5 12,8 
% Waste 10,3 1,9 9,1 44,2 2,7 7,2 10,1 6,2 7,8 

Divers Plastique 
Weight 1,7 1,1 0,4 0,3 0,4 0,8 0,8 0,5 0,8 

4,7 6,1 
% Waste 7,9 3,5 2,3 3,9 2,2 4,8 5,1 2,4 7,8 

Metal 
Weight 0,8 1,2 1,6 0,0 1,5 0,8 0,5 0,8 0,4 

2,7 4,1 
% Waste 3,7 3,8 9,1 0,0 8,2 4,8 3,2 3,8 3,9 

Electronic 
Weight 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 

0,1 0,0 
% Waste 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 

Organic 
Weight 7,3 12,4 3,1 0,0 0,6 0,9 3,2 4,7 2,7 

11,4 17,7 
% Waste 34,1 39,7 17,7 0,0 3,3 5,4 20,3 22,3 26,5 

Textile 
Weight 0,1 1,4 0,3 0,0 0,1 0,1 0,2 2,5 0,1 

2,7 1,3 
% Waste 0,5 4,5 1,7 0,0 0,5 0,6 1,3 11,8 1,0 

Hazardeous 
Weight 0,0 1,3 0,0 0,0 0,0 0,0 0,0 0,0 0,0 

0,9 0,2 
% Waste 0,0 4,2 0,0 0,0 0,0 0,0 0,0 0,0 0,0 

Soil/rest 
Weight 0,2 1,2 0,5 0,0 0,4 2,3 0,1 0,8 1,7 

4,9 4,1 
% Waste 0,9 3,8 2,9 0,0 2,2 13,8 0,6 3,8 16,7 

Total Weight 21,4 31,2 17,5 7,7 18,2 16,7 15,8 21,1 10,2  16,9 
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Sample Weight (kg) Volume (m3) Bags Density (kg/m3) 
1 17,7 0,24 - 73,8 
2 14,4 0,24 - 60,0 
3 16,2 0,24 - 67,5 
4 18 0,24 - 75,0 
5 21,6 0,24 - 90,0 
6 19 0,24 - 79,2 
7 16 0,21 - 76,2 
8 13,7 0,21 - 65,2 
9 23,3 0,21 - 111,0 
10 8,2 0,19 - 43,2 
11 9,4 0,21 - 44,8 
12 21,4 0,24 - 89,2 
13 31,2 0,24 - 130,0 
14 17,5 0,24 - 72,9 
15 7,7 0,24 - 32,1 
16 18,2 0,24 - 75,8 
17 16,7 0,24 - 69,6 
18 15,8 0,24 - 65,8 
19 21,1 0,24 - 87,9 
20 10,2 0,24 - 42,5 

Total 247,6 3,19 0 72,6 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

50 
 



Street Sweeping 

Sample 1 2 3 4 5 6 7 8 9 10 stdev Average (%) 

Paper 
Weight 2,8 0,8 3,9 1,2 0,6 1,3 2,3 1,4 1,4 2,3 

5,5 9,4 
% Waste 15,3 4,0 21,8 5,4 3,1 5,8 11,3 6,8 8,5 11,7 

Cardboard 
Weight 0,7 0,8 0,9 3,5 0 0,6 1,1 1,5 1,2 1 

3,9 5,6 
% Waste 3,8 4,0 5,0 15,6 0,0 2,7 5,4 7,2 7,3 5,1 

Divers Paper 
Weight 1,7 1,7 2,6 2,7 0,6 1,8 1,8 2,1 1,4 1 

3,0 8,8 
% Waste 9,3 8,4 14,5 12,1 3,1 8,0 8,8 10,1 8,5 5,1 

Glass 
Weight 0,7 3,8 0,2 1,3 1,3 1,3 0,4 0,2 0,4 1,6 

5,0 5,6 
% Waste 3,8 18,8 1,1 5,8 6,7 5,8 2,0 1,0 2,4 8,1 

PET 
Weight 1,1 0,9 0,6 0,7 0,7 1,1 1,5 1 1,4 1,1 

1,7 5,2 
% Waste 6,0 4,5 3,4 3,1 3,6 4,9 7,4 4,8 8,5 5,6 

Film Plastic 
Weight 1,8 2,3 2 1,5 1,6 2,6 2,8 2,3 1,7 2,2 

1,8 10,5 
% Waste 9,8 11,4 11,2 6,7 8,3 11,6 13,7 11,1 10,4 11,2 

Divers Plastique 
Weight 2,3 1,4 1,8 1,3 1 1,6 2,3 0,8 1,5 2 

2,7 8,2 
% Waste 12,6 6,9 10,1 5,8 5,2 7,1 11,3 3,9 9,1 10,2 

Metal 
Weight 1,6 1,4 0,9 3,2 1,6 1,1 1,9 0,8 0,7 0,7 

3,2 6,9 
% Waste 8,7 6,9 5,0 14,3 8,3 4,9 9,3 3,9 4,3 3,6 

Electronic 
Weight 0 0 0 0 0 0 0 0 0 0 

0,0 0,0 
% Waste 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 

Organic 
Weight 3,1 2,2 2,5 4,5 8,7 2,8 4 6,1 4,3 6,6 

10,2 22,8 
% Waste 16,9 10,9 14,0 20,1 45,1 12,5 19,6 29,5 26,2 33,5 

Textile 
Weight 2,3 1,8 1,4 2,2 1,8 5,2 1,9 3,6 0,9 0,5 

5,6 10,6 
% Waste 12,6 8,9 7,8 9,8 9,3 23,2 9,3 17,4 5,5 2,5 

Hazardeous 
Weight 0 0 0 0,2 0 0 0 0 0 0 

0,3 0,1 
% Waste 0,0 0,0 0,0 0,9 0,0 0,0 0,0 0,0 0,0 0,0 

Soil/rest 
Weight 0,2 3,1 1,1 0,1 1,4 3 0,4 0,9 1,5 0,7 

4,8 6,3 
% Waste 1,1 15,3 6,1 0,4 7,3 13,4 2,0 4,3 9,1 3,6 

Total Weight (kg) 18,3 20,2 17,9 22,4 19,3 22,4 20,4 20,7 16,4 19,7  19,8 

 

 

Sample Weight (kg) Volume (m3) Bags Density (kg/m3) 
1 18,3 0,24 2 76,3 
2 20,2 0,24 3 84,2 
3 17,9 0,24 2 74,6 
4 22,4 0,24 3 93,3 
5 19,3 0,24 2 80,4 
6 22,4 0,24 3 93,3 
7 20,4 0,24 3 85,0 
8 20,7 0,24 3 86,3 
9 16,4 0,24 2 68,3 
10 19,7 0,24 3 82,1 

Total 197,7 2,4 26 82,4 

     
Average Weight bag (kg) 7,6    
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Appendix B: Amount calculation 
This appendix is detailing the calculation of the amount of waste. The first table is only summarizing the 
data of the health report. The second table is the volumes of the waste, calculated with the conversion 
factor explained in the fourth table. Finally the third table contain the mass in tons of each fraction. The 
rest of the tables are regrouping informations used in the calculation or taken from other reports. 

 
October November December January February March April May June July 

 House Refuse/ 
Ash Loads in 

Nomtsoub 
loads/drums) 

8602 7610 7418 8159 7088 6768 7537 8348 7903 8246 

 Conversion 
Nomstoub load 18 16 16 18 15 15 16 18 17 18 

 House Refuse/ 
Ash Loads in 

Town 
39 15 8 16 16 16 24 14 20 25 

 Bags of Refuse 
removed from 

open areas (bags) 
429 1390 1403 948 670 809 1314 1371 1305 1055 

 Pushcart –( Bags) 132 1306 1637 1500 1611 1846 1534 1298 1464 180 
 Contractors – 

(Bags) 3621 3955 4087 4405 4299 4180 4388 3012 1471 3621 

 Business Refuse 
(Loads) 223 242 167 161 210 207 247 240 102 212 

 Business Refuse 
(Drums) 1152 785 214 574 842 695 503 801 324 924 

 Grootf. & 
Oshakati 

Crossing (bags) 
0 0 0 0 0 0 0 0 0 0 

 

            m3 of compacted 
waste from 
Nomtsoub 276,9 245,0 238,8 262,6 228,2 217,9 242,6 268,7 254,4 265,4 

 m3 of compacted 
waste from town 741 285 152 304 304 304 456 266 380 475 

 total sweepig 
bags 4182 6651 7127 6853 6580 6835 7236 5681 4240 4856 

 m3 of business 
wastes 1338 1452 1002 966 1260 1242 1482 1440 612 1272 

 

           
Average 

tons from 
Nomtsoub 90,6 80,2 78,2 86,0 74,7 71,3 79,4 87,9 83,3 86,9 81,8 

tons from town 232,3 89,3 47,7 95,3 95,3 95,3 143,0 83,4 119,1 148,9 115,0 
tons from 
sweeping 31,8 50,5 54,2 52,1 50,0 51,9 55,0 43,2 32,2 36,9 45,8 
tons from 
business 97,1 105,4 72,7 70,1 91,5 90,2 107,6 104,5 44,4 92,3 87,6 

Total 451,9 325,5 252,7 303,5 311,5 308,7 384,9 319,1 279,0 365,0 330,2 

 

 

1drum Nomtsub (m3) 0,048  
1 nomtsub load (bags) 466  

1 load town (m3) 19  
1 sweeping bags (kg) 7,6  
1 business load (m3) 6  
1drum business (m3) 0,21  
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Density non compacted 

(t/m3) 

Density 
Compacted 

(t/m3) 
Refuse Nomtsoub 0,1091 0,3273 
Refuse in Town 0,1045 0,3135 

Bags street sweeping 0,0824 0,2472 
Business refuse 0,0726 0,2178 

   
   
   

Population 28000  
Total waste generation per year 3962,17  

waste per capita per year 141,51  
waste per capita per day 0,39  

   
   
   

garden waste per year 2875,6  
landfill management per month 85000  

Total waste ending landfill 6837,77  
total waste per capita per year 244,2  
total waste per capita per day 0,7  
cost per tons at the dump site 149,2  
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Appendix C: total waste generation in Tsumeb since 2010 
Figure reported from the monthly health reports 

 

  

House Refuse/ 
Ash Loads in 
Nomtsoub 

loads/drums) 

House Refuse/ 
Ash Loads in 

Town 

Bags of Refuse 
removed from 

open areas 
(bags) 

Pushcart –( 
Bags) 

Contractors 
– (Bags) 

Business 
Refuse 
(Loads) 
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2010 

January 7   332 1009 5469 206 533 83 

February 6 4 280 935 5337 1048 926 14 

March     268 825 5052 275 1040 14 

April 29 4 191 494 5151 873 320 8 

May 31 8 245 894 5106 204 678 25 

June 34 9 304 1035 5665 295 1114 6 

July 50 12 346 994 4929 217 933 0 

August 33 16 423 1103 5928 257 1004 0 

September 32 17 898 1666 2915 312 923 0 

October 44 16 874 1528 4228 241 910 0 

November 42 13 861 668 4491 371 1071 0 

December 42 14 323 735 3333 199 517 0 

2011 

January 49 19 240 825 3646 135 510 0 

February 29 16 229 809 3212 186 706 0 

March 24 7 529 851 3855 286 966 0 

April 22 12 415 829 3178 197 790 0 

May 27 20 1524 680 2860 184 691 0 

June 377 16 401 493 2790 155 609 0 

July 31 16 900 625 3328 214 803 0 

August 28 22 792 589 6025 447 920 0 

September 26 16 779 569 4616 212 729 0 

October 18 24 785 455 4914 250 891 0 

November 32 19 660 366 4931 206 809 0 

December 31 19 784 388 2761 265 771 0 

2012 

January 27 20 697 377 2864 166 496 0 

February 34 4 547 167 2897 150 676 0 

March 3825 0 191 138 1748 253 887 0 

April 3470 16 320 140 2564 204 844 0 

May 4101 5 403 540 5443 94 571 0 

June 3519 0 186 434 4340 205 899 0 

July 7716 0 559 156 4385 251 584 0 

August 5522 0 456 162 4127 104 924 0 

September 6917 0 489 171 3236 146 544 0 

October 8602 39 429 132 3621 223 1152 0 

November 7610 15 1390 1306 3955 242 785 0 

December 7418 8 1403 1637 4087 167 214 0 
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2013 

January 8159 16 948 1500 4405 161 574 0 

February 7088 16 670 1611 4299 210 842 0 

March 6768 16 809 1846 4180 207 695 0 

April 7537 24 1314 1534 4388 247 503 0 

May 8348 14 1371 1298 3012 240 801 0 

June 7903 20 1305 1464 1471 102 324 0 

July 8246 25 1055 180 3621 212 924 0 

August 17 17 1170 330 3243 39 365 36 

September 30 25 2131 2750 3107 153 540 22 

October 26 20 3989 0 0 166 460 22 

November 22 17 3791 455 3059 187 431 47 

December 28 23 505 1088 2106 125 412 62 

 

 

Figures of the health report converted in weight. The values in red have been removed from the graph of 
the total waste generation as they are month when the collect was not total 

 Nomtsoub (tons) Town (tons) Street sweeping (tons) Business (tons)  Monthly total (tons) 

Janurary-10 34,4 0,0 52,4 97,9  184,6 

February-10 29,5 23,8 49,9 470,6  573,8 

March-10 0,0 0,0 46,8 135,6  182,5 

April-10 142,4 23,8 44,4 385,2  595,8 

May-10 152,2 47,7 47,7 99,2  346,7 

June-10 166,9 53,6 53,3 145,5  419,3 

July-10 245,5 71,5 47,6 108,7  473,3 

August-10 162,0 95,3 56,7 127,3  441,2 

September-10 157,1 101,3 41,6 150,0  450,0 

October-10 216,0 95,3 50,4 118,9  480,6 

November-10 206,2 77,4 45,8 177,9  507,3 

December-10 206,2 83,4 33,4 94,6  417,5 

Janurary-11 240,6 113,2 35,8 66,6  456,1 

February-11 142,4 95,3 32,3 91,8  361,8 

March-11 117,8 41,7 39,8 139,3  338,6 

April-11 108,0 71,5 33,6 97,9  311,0 

May-11 132,6 119,1 38,5 90,7  380,9 

June-11 1850,9 95,3 28,0 76,8   
July-11 152,2 95,3 36,9 105,5  389,8 

August-11 137,5 131,0 56,3 208,7  533,5 

September-11 127,6 95,3 45,3 103,5  371,7 

October-11 88,4 143,0 46,8 122,5  400,6 

November-11 157,1 113,2 45,3 102,1  417,6 
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 Nomtsoub (tons) Town (tons) Street sweeping (tons) Business (tons)  Monthly total (tons) 

December-11 152,2 113,2 29,9 127,2  422,4 

Janurary-12 132,6 119,1 29,9 79,9  361,5 

February-12 166,9 23,8 27,4 75,6  293,8 

March-12 40,3 0,0 15,8 123,7  179,8 

April-12 36,6 95,3 23,0 101,7  256,6 

May-12 43,2 29,8 48,5 49,7  171,2 

June-12 37,1 0,0 37,7 103,0  177,8 

July-12 81,3 0,0 38,8 118,2  238,3 

August-12 58,2 0,0 36,1 59,4  153,6 

September-12 72,9 0,0 29,6 71,9  174,4 

October-12 90,6 232,3 31,8 114,7  469,4 

November-12 80,2 89,3 50,5 117,4  337,5 

December-12 78,2 47,7 54,2 76,0  256,0 

Janurary-13 86,0 95,3 52,1 78,9  312,2 

February-13 74,7 95,3 50,0 104,3  324,3 

March-13 71,3 95,3 51,9 100,8  319,3 

April-13 79,4 143,0 55,0 115,3  392,6 

May-13 87,9 83,4 43,2 116,8  331,3 

June-13 83,3 119,1 32,2 49,4  284,0 

July-13 86,9 148,9 36,9 106,4  379,1 

August-13 83,5 101,3 36,3 22,6  243,6 

September-13 147,3 148,9 60,9 74,9  432,0 

October-13 127,6 119,1 30,5 79,3  356,6 

November-13 108,0 101,3 55,9 88,0  353,2 

December-13 137,5 137,0 28,6 60,7  363,8 
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