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ABSTRACT  

This study is part of a larger project in which the Tsumeb municipality, Falun municipality and 
Falu Energi & Vatten AB work together to change the currently used controlled waste 
dumping site in Tsumeb into a sanitary landfill. This study aims to recommend a MSWM 
solution that will divert the organic waste from going to the landfill. The study consist out of a 
literature study in order to establish a theoretical background for the MSWM solution; a field 
study in which the current waste flows of Tsumeb were quantified, by using current data, and 
characterized, by performing a hand-picking analyses according to the UNEP methodology; 
and an analyses section in which an appropriate MWSM solution was proposed. The current 
waste consist out of 70% sand and stones, 17% grass and leaves, 6% prunings and trimmings, 
4% sewage sludge, 3% branches and stumps, and 1% of other waste. This paper concludes that 
99% of the organic waste in Tsumeb can be recycled, by using it as covering material, as 
biofuel and turning it into compost. This paper also shows that there is a potential for Tsumeb 
to start economically sound composting facility.  

 

Key words: Organic waste, composting, developing countries.  
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1. INTRODUCTION 

This report contains a study of the current waste management plan and suggests future 
improvements of the waste management plan of the municipality of Tsumeb, Namibia. The 
report is a master thesis project part of the program of Sustainable Technology at the division 
of Industrial Ecology at the Royal Institute of Technology in Stockholm. The study is part of a 
collaboration between the Tsumeb municipality in Namibia and the municipality of Falun in 
Sweden. The report identifies the several organic waste flows and to suggest options for 
reusing the waste. This study should be considered to be an applied study rather than a 
scientific study, with its main audience consisting out of the key stakeholders as shown in 
Figure 4.  

1.1 Background  

In 2008 Falun Municipality and Tsumeb Municipality signed a letter of intent to work together 
on the matters of education, information technology and information, democracy and 
democratic working forms, environment and tourism. In 2010 the Tsumeb Municipality 
requested help for the development of a more sustainable waste management system. At the 
moment they dispose the waste on a landfill and it is threatening the groundwater supply. The 
water reservoir does not only provide the Tsumeb municipality but also other regions in 
Namibia, a country where water shortage is a constant threat. 

To get a better understanding of the local situation a pilot study was performed in 2011/2012 
(Freij, oral communication 2014). The pilot study resulted in a plan for further cooperation 
which focused on the exchange of technical knowledge of the current landfill site and the 
development of a new waste management system; cooperation between experts, politicians and 
locals; the definition of focal points for change in order to reach a new waste management 
system; financing and creating business opportunities; and collaboration with other 
municipalities in Namibia.  

After the pilot study a project plan was made with a timeframe of 10 to 15 years. The main 
points of this project plan where to come up with an action plan for the current (uncontrolled) 
sanitary landfill; an action plan for a new (controlled) landfill; the creation of a Local Waste 
Management Plan; the education of local inhabitants and politician in order to raise awareness 
and participation.  

The project is subsidized by the Swedish international development agency (SIDA) and entails 
the exchange of knowledge between the Falun municipality, Falu Energi & Vatten AB and the 
Tsumeb municipality. It entails yearly study visits in both municipalities by representatives 
from each party involved.  

1.2 Thesis projects  

Due to the short time of each study visit mentioned before the research that could be done 
was limited. Therefor it was proposed to incorporate master thesis projects so that local field 
studies could be performed. The third point of the project plan, which is the creation of a 
Local Waste Management Plan, was therefor divided into two separate projects: 

 A waste management plan for the recyclables. 

 A waste management plan for the organic waste.  

This report will focus on the second option; the handling of organic waste.  
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1.3 Aim and objectives 

The aim of the project is to identify the organic waste flows of Tsumeb and recommend waste 
management solutions to divert organic from waste going to the landfill. 

The objectives are: 

 Acquire a good understanding of challenges and possibilities of waste management in 
developing countries. 

 Characterize and quantify the organic waste flows in Tsumeb. 

 Suggest possible biological treatment strategies in order to reduce the amount of 
organic waste going to landfill.  

 Identify costs and benefits of the most suitable waste management strategy.  

1.4 System boundaries 

Although the project addresses factors such as air pollution, touristic revenue and public health 
which have a global, national and regional impact respectively, the system boundaries of the 
project are set locally. For the literature study however, the system boundaries are set on a 
larger scale, whereas the literature is all linked to waste management in developing countries. 
The field study was executed locally, whereas the analyzed waste flows are all from within the 
geographical town boundaries. The cost and benefit estimation is set on a regional level, as the 
estimation were made by local stakeholders but some of the equipment could only be 
purchased in nearby towns. The analyses part is addressing local issues in Tsumeb and 
therefore the recommendations of this study are mainly applicable within the geographical 
boundaries of Tsumeb. However, municipalities in developing countries with similar traits 
could use the recommendations as an incentive to start their own local research.   
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2. METHODOLOGY  

The process of the thesis work can be divided into three main parts; a literature study, a field 
study and an interpretation part.  

A literature study was conducted in order to acquire a basic knowledge about waste 
management, how to characterize waste, how to quantify the waste flows, what the possible 
methods are for the processing of organic waste, how waste is handled in other developing 
countries, challenges met by other developing countries and the basics of composting. In 
addition to the literature study information concerning these topics was also gathered from the 
supervisors of the project in Namibia and Sweden.  

The performed field study consisted out of an orientation, a qualification and a quantification 
step. The orientation step was performed in order to identify the current municipal solid waste 
management (MSWM) framework and the way it is executed. It provided a hands-on 
experience of the challenges and limitations of the current MSWM and it also helped to get a 
basic understanding of the waste character. The first orientation step also broadened the 
understanding of the information provided by the literature and the available municipal data, as 
many concepts came back in practice.  

The second step was the qualification and the quantification of the waste streams. The 
methodology used was UNEP’s ‘Developing Integrated Solid Waste Management Plan’. This 
methodology was preferred above the Swedish ‘Manuel för Plockanalys av Hushållens Kärl- 
och Säckavfall’, and the EU’s ‘Methodology for the Analysis of Solid Waste’ equivalents, 
because the UNEP methodology has a more global perspective and was therefore considered 
to be more suitable for the case study in Namibia. Since the quantities of the waste streams 
were already monitored by the municipality’s health department, the primary objective was to 
estimate the ratios within the mixed organic waste streams.  

The first classification step was to divide the organic waste streams into primary and secondary 
waste streams. The primary organic waste streams are the predominantly organic waste streams 
that are currently collected separately from the mixed waste stream. These waste streams are 
coming from garden waste, sewage sludge and condemned foodstuff. The secondary waste 
streams are the mixed waste streams that include organic waste. An example is the household 
waste that includes food waste. The secondary waste streams are currently however not sorted 
and can therefore not be used for separate organic waste treatment.  

Of the seven different primary waste streams three have a homogeneous character which 
meant that only four needed to be characterized. These streams were (1) ‘Garden Refuse Loads 
(paid)’, (2) ‘Pavement G/Refuse Loads’, (3) ‘Garden Refuse – Nomtsoub’ and (4) ‘Loads G/R 
Parks’. The first tree waste streams consist out of garden waste from residents from the 
different areas within Tsumeb. The last waste stream that needed to be characterized was the 
refuse collected from the parks and open spaces. In order to reach a 90% confidence level of 
the waste composition about 5-14 samples have to be taken when it comes to residential 
organic waste (UNEP, 2009). Of the four previously described waste streams only the organic 
waste from the parks is not residential. Therefor the organic waste from the parks department 
was characterized separately from the residential garden waste. For a period of time the parks 
department measured the waste character by counting the amount of truckloads with a certain 
material, which is depicted in Table 12. 

The three garden waste streams were characterized as followed. First a quiet area on the landfill 
was picked with enough free space to sort one truckload of organic material. Then the truck 
was redirected towards this spot in order to dump the load on the picked spot. Then the 
organic waste was handpicked and sorted, often with the help of some local scavengers in 
order to speed up the process. The sorted material was then accumulated in a plastic bin and 
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weighed on a scale. Once the pile got smaller and it consisted mainly out of sand and stones an 
estimation was made of the volume of the sand and stone pile. The volume was then 
multiplied with a measured density which then gave the total amount of sand and stones. The 
summarized results of the waste characterization can be found in Table 11.  

The waste quantities over a period of three years were plotted (appendix I) only to find out 
that there were no seasonal variations concerning the quantities, and it is assumed that the 
qualitative nature of the waste also does not vary during different seasons. Next to that the 
timing of the sample picking is not taken into consideration since the heaps of organic waste 
often lies beside the road for days before being collected which makes the timing of collecting 
insignificant. The amount of samples taken is five with an average size of 1239 kg, coinciding 
with the Swedish guideline of five samples of at least 100 kg (Avfall Sverige , 2013). The tools 
used for the waste characterization were a plastic container and an analog personal scale which 
are depicted in appendix II.  

After identifying the quantities and character of the organic waste flows, composting was 
identified as the most suitable organic waste management treatment solutions for Tsumeb. 
This was mainly due to the character of the organic waste available and the lack of available 
funding within the municipality.  

A basic cost-benefit analysis was made in order to find out whether a composting facility has 
the potential to become economically feasible using the methodology of A.E. Boardman 
(2006). As part of this methodology a stakeholder analysis has to be performed first and for 
this the methodology of R.K. Mitchell (Mitchell, et al., 1997)was used. The findings of this 
study were presented to the local stakeholders and discussions with members of the city 
council led to believe that there might be a possibility in Tsumeb to start a composting facility.  
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3. LITERATURE REVIEW  

This chapter aims to provide the intended audience with basic knowledge concerning organic 
waste management. The chapter goes through the concept of waste management, organic 
waste management technologies, the associated challenges and possible ways to overcome 
these challenges.  

3.1 Organic waste management in developing countries  

By collecting, recycling and treating waste the MSWM aims to increase the public health, 
environmental sustainability and economic growth (Henry, et al., 2006). The EU strategy on 
waste management follows the following hierarchy: 

 

Figure 1: EU's 'Hierarchy of waste management' (Williams, 2005) 
 

In developing countries the MSWM is considered as a major problem which is caused by the 
rapid increase of population, urbanization and poverty in combination with an underfunded 
and inefficient waste management strategy (UNEP, 2002). In an ideal scenario such a strategy 
incorporates practical, technological, environmental, economic and social aspects; also called 
integrated waste management (Williams, 2005). However, most developing countries do not 
have such a waste strategy and focus merely on the collection and landfill disposal of the 
municipal solid waste (Oberlin & Szanto, 2011). This is currently also the case for the 
municipality of Tsumeb for the moment, which can be attributed to low landfill fees and a 
waste management strategy that does not identify waste as a resource (DiStefano & Ambulkar, 
2006). However, as mentioned in the introduction of the thesis, the Tsumeb municipality will 
shift to a sanitary landfill and adopt a waste management plan.  

A waste management strategy tends to decrease the amount of solid waste going to landfill 
according to the hierarchy of Figure 1. Whereas the first step is to decrease the amount of 
waste produced and the second, third and fourth step transform the waste into a valuable 
resource. The efficiency of the available technologies depends on the characteristics of the 
waste, the budget and the local knowledge concerning waste. The waste in developing 
countries often consists of a large organic fraction municipal solid waste (OFMSW), as shown 
by Troschinetz & Mihelcic (2009). They examined 23 case studies concerning waste in 
developing countries and found that the organic waste fraction ranged from 17% - 80%, with 
an average of 55% OFMSW. Although only 2 of these case studies were performed in African 
countries, the region this report focusses on, the results agree with a Tanzanian case study with 
ranges from 60% - 78% organic waste (Oberlin & Szanto, 2011). The large OFMSW in 
developing countries can be attributed to factors such as geography, climate, seasons, wealth 
and primary energy source (Troschinetz & Mihelcic, 2009). 

Problems associated with organic waste going to landfill are the production of greenhouse 
gases and the leachate production that contains high concentrations of organic compound. 

1. Waste reduction 

2. Re-use 

3. Recycling and Composting 

4. Energy Recovery 

5. Landfill 
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Landfill gases arise when the municipal solid waste (MSW) contains large portions of 
biodegradable material (Williams, 2005). The arising gases are primarily methane (63.8%) and 
carbon dioxide (33.6%) (Department of Energy, 1994), whereas the greenhouse effect of a 
methane molecule is approximately 60 times higher than the effect of a carbon dioxide 
molecule (Porteus, 1992).  

The leachate is formed by the water passing through the landfill, from precipitation and from 
the waste itself. Waste particles dissolve in the water and form the leachate (Kjeldsen, et al., 
2002), which normally contains dissolved organic matter, inorganic macro components, heavy 
metals and xenobiotic organic compounds (Christensen, et al., 1994). Landfills with MSW 
produce leachates with high values of organic compound (chemical oxygen demand 
(COD)>20.000 mg/l) whilst MSW landfills that divert large parts of the organic waste tend to 
have much lower values of organic compound (COD<4000 mg/l) (Williams, 2005). Leachates 
with high levels of contaminations are serious threats to nearby ground- and surface waters 
(Kjeldsen, et al., 2002). 

3.2 Organic waste treatment technologies 

When the OFMSW is high, composting is considered to be the primary method for reducing 
the waste going to landfill, especially in countries that depend on agriculture and tourism 
(Troschinetz & Mihelcic, 2009). Other technologies such as incineration (Rand, et al., 2000; 
Oliveira & Rosa, 2003), pyrolysis and gasification (Taiwo, 2011) are unusual in developing 
countries because of the high investment cost.  

A South African study argued for the production of biogas by anaerobic digestion, showing 
multiple case studies in Asian countries where this technology was implemented successfully. 
This technology too is characterized by a high investment cost, but the revenue of the 
produced biogas and electricity can recoup this investment, especially with the rapidly 
increasing South African energy prices in mind (Greben & Oelofse, 2009). Good feedstock for 
anaerobic digestion is considered to be manure (Ahring & Johansen, 1992) and food waste, 
while garden waste is not considered very suitable due to the high concentration of lignin (De 
Baere, 2006). The biggest constraint of implementing anaerobic digestion in South Africa is the 
lack of source separation of (food) waste (Greben & Oelofse, 2009). In chapter 5.2 composting 
is opted as the best organic waste treatment method for Tsumeb due to a lack of available 
funding and the type of organic waste material available. Therefor the following chapters will 
focus on the composting method and not on e.g. anaerobic digestion.  

3.3 Composting  

The benefits of composting in developing countries as described by Hoornweg, et al. (1999) 
that are of importance for Tsumeb: 

 Diversion of waste originally going to landfill. This will decrease the methane 
production from the organic waste at the landfill, and the water pollution from 
leachates. It will also lower the costs of the landfill management as less waste has to be 
taken care of.  

 Increased efficiency of recycling due to the removal of the OFMSW. By the removal 
of the OFMSW the fraction of recyclables goes up, which makes it easier to recycle. 
With the exclusion of the OFMSW the waste mixture will also become more clean and 
hygienic, as the synthetic materials do not decompose. This will also increase the 
efficiency of the recycling practices.  

 Creation of a useful product for agriculture. Agriculture is with 31% the largest form 
of employment in Namibia (The World Bank, 2014). Local farmers in Tsumeb 
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indicated that there were not many agricultural products available locally and that they 
often have to be imported.  

 Low investment cost, assuming there will be a labor and not technology intensive 
process. Local stakeholders have indicated that there are not many funds available and 
therefor low-cost solutions have the top priority (Kearns, oral communication 2014).  

The biggest threats of composting are the produced odors that can cause local disturbance and 
the lack of source separation of municipal solid waste (Oberlin & Szanto, 2011).  The odors 
arise when the organic material decomposes under anaerobic conditions, and can therefore be 
reduced by sound operation of the compost plant (Hoornweg, et al., 1999). The source 
separation of household waste however is a more difficult obstacle to overcome. Bolaane 
(2006) found for the city of Gaborone that 97.1% of the inhabitants had knowledge of 
recycling, but only 47% put it in practice. The notion that education should have a direct link 
to the recycling practice is built on the premises that both the government and the general 
public support recycling for the greater good of the society. However, Bolaane (2006) showed 
that there are other factors at stake as well. Government officials often know about the 
benefits of recycling but do not promote it because of a lack of resources, and prefer the 
private sector to take the initiative. On the side of the households, the recycling rate seemed 
not be influenced by the awareness but more so by the availability of obvious recycling systems 
and incentives to recycle.  

3.4 Challenges of composting 

Despite of the advantages that composting has for organic waste management in developing 
countries, as described in chapter 3.3, there are some factors that should be accounted for 
before initiating a composting plant. The main challenges relevant to Tsumeb which Oberlin & 
Szanto (2011) and Hoornweg, et al (1999) encountered in their studies were: 

 The need to have separate waste collection. Currently there is a separate waste 
collection in Tsumeb, whereas the garden waste and the household waste are collected 
separately. However, the household waste also contains a lot of organic material, such 
as food waste. Food waste is an excellent feedstock for composting but also for other 
organic waste treatment methods such as anaerobic digestion. By increasing the level 
of waste separation the Tsumeb municipality would be able to increase their 
composting activities or to implement different organic waste treatments.  

 Insufficient knowledge of the composting process, e.g. wrong material feed. It is 
important to find a balanced input of feedstock and to operate under the right 
conditions. Factors such as lignin content, C:N ratio, nutrient content, oxygen supply, 
moisture content and particle size all have an effect on the efficiency of the process 
and the quality of the product.  

 Unnecessary aspiration to establish a (too) complicated mechanical process instead of 
implementing a labor intensive process. Examples from failed composting initiatives 
show that way too often there is an ambition to implement an almost automatic 
system. Insufficient knowledge of the equipment and mechanical failures led to bad 
product quality. Labor intensive processes are preferred as they are more flexible to 
constantly changing feedstock. It also has lower investments which makes it more 
likely to become economically feasible.  

 Poor financial considerations, especially by the local governments. E.g. not including 
environmental benefits as a monetary value. The composting facility can most likely 
not be financed merely by the generated income of the sold product. Other, less 
tangible factors have to be included as well, such as the social and environmental 
benefits from waste management.   
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 Bad marketing strategy of the product. The public sector does not have the same 
necessary business skills as the private sector, which has led to failed composting 
initiatives. In order to run an economically stable business it is important to reach high 
efficiency at low cost, and to market your product well in order to generate an income. 
The public sector has to learn and perhaps even collaborate with the private sector in 
order to establish a long term sustainable business.   

 Nuisance from the compost plant. A composting facility can generate odors which can 
be a burden for nearby residents. Tsumeb has to look for a suitable location not too 
close to the residents but also not too far away, as long distances will increase the 
transportation costs.   

Troschinetz & Mihelcic (2009) identified twelve factors that influenced the success of MSWM 
in developing countries and concluded that the three most important ones were ‘MSWM 
personnel education’, ‘waste collection and segregation’ and ‘government finances’. The 
importance of governmental support can not only be found in monetary terms but also in 
things like land availability for a composting plant and a supporting legal framework e.g. that 
does not give subsidies for chemical fertilizer (Zurbrugg, et al., 2004; Oberlin & Szanto, 2011).  

Hoornweg, et al. (1999) formulate the following governmental responsibilities in order for a 
composting plant to be successful:   

 Technical assistance, e.g. concerning composting techniques, operational strategies and 
compost quality standards.  

 Commercial assistance, e.g. giving financial support, making land available and 
encourage the use of compost both by public and of its own departments.  

 Institutional assistance, e.g. regular check-ups and a legal framework that encourages 
composting and compost use.  

3.5 Examples of failed composting initiatives  

In this section some of the examples of failed composting initiatives which were mentioned by 
Hoornweg, et al (1999) are repeated. The aim of this section is to show what went wrong in the 
past and should therefore be kept in mind for future recommendations.  

During the 1970’s the Indian government recognized the importance to mitigate the harmful 
effects of organic waste and started eleven composting initiatives in several major cities. The 
facilities all had a mechanical character and could take in a feedstock ranging from 150 – 300 
ton of organic waste per day. Currently nine out of those eleven facilities have been shut down 
due to technical failures such as poor feedstock, bad maintenance and wrong equipment; 
commercial failures such as increasing production costs and poor marketing strategies; and due 
to institutional failures such as poor management (Selvam, 1996).  

A Brazilian study found out that 24 out of 57 composting facilities in Brazil had been shut 
down up until 1990 due to institutional and commercial failures. There were high levels of 
mismanagement as the hired contractors were not able to meet the needs of the municipalities, 
as their mindset was more suitable for the private sector. The same study also reported a 
composting initiative in 1993 of the city of Rio de Janeiro in which they invested US$30 
million. The composting facility was closed one year later due to operational failures (odors) 
and is still closed today (World Bank, 1997b). 

An African case study by Asomani-Boateng et al. (1996) showed how during the 1970’s and 
1980’s many African countries built mechanical composting facilities with the help of foreign 
investments. Technical failures such as unqualified personal and breakdowns; and commercial 
failures such as lack of finances led to most of these facilities being out of operation today.  
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3.6 Set-up of composting facility 

A composting plant can be organized on three different scales, namely on a residential, 
community and municipal level. The residential level composting is decentralized and small 
scale and takes place in the backyard of households, which makes it hard to control the 
product quality. The decentralized community level composting has a semi-professional 
character, whereas the government assists the local inhabitants and business with their 
composting process by providing technical, commercial and institutional assistance. This scale 
of composting has a labor intensive character and is flexible to changes of feedstock and 
process conditions (Szanto, et al., forthcoming). Decentralized composting is often a 
collaboration between local inhabitants, businesses, entrepreneurs and environmental 
organizations (Karanja, 2005). The local municipality can support such initiatives by providing 
them with financial help, land, public education, transportation and by using the final compost 
in public parks (Hoornweg, et al., 1999). 

The municipal centralized level composting often has a more technical intensive character in 
order to maintain adequate product quality, which can be a high financial burden in developing 
countries (Lardinois & Klundert, 1993). These facilities can take up to more than 500 tons of 
organic waste per day and due to this large scale production the centralized facilities should 
have a more structured approach. The composting site has to be carefully selected whereby a 
technical and an environmental assessment have to be done, in which all stakeholders are 
included. Nuisance factors such as odors, traffic, leachate and noise have to be taken into 
account and minimized. Also a plan has to be designed to ensure a stable and qualitative 
feedstock flow, which is not contaminated with other waste materials. Next to all the technical 
aspect also a feasible business plan has to be developed, as the sold product has to (partially) 
finance the necessary investments for such a large composting facility (UNEP, 1996). 

Ahmed & Ali (2004) argue that the set-up of waste management systems should take a hybrid 
form, where the private and public sector work together. Reason for this is that the public 
sector in developing countries often is characterized by low productivity, insufficient 
management and poor working equipment. In contrary to the public sector, the private sector 
is driven by market competiveness, and do not pay more than needed for wages and goods 
(Hart, 1998). However, since MSWM is a basic public health service that everyone is entitled to 
it cannot be fully privatized. Therefor the public-private partnerships (PPP’s) are proposed 
where the public and private sector work together. A PPP combines the strengths of the 
private sector; finances, efficiency and innovation; and the strengths of the public sector; social 
and environmental responsibility. Challenges such as a weak legal system, low capacity and 
present and future corruption can be tackled by appointing a facilitating body in order to ease 
the transition process (Ahmed & Ali, 2004). 

An effective composting process occurs under the right conditions, as seen in Table 1, with 
enough oxygen, water and the right temperatures. An effective composting system however 
also needs the right circumstances to perform well. A balance needs to be found between 
transportation (costs), land availability, labor/technology costs, product value and available 
feedstock (Hoornweg, et al., 1999). Table 2 depicts what type of feedstock is appropriate for 
composting. Carcasses and fish scraps are categorized as ‘maybe’ since this type of animal 
waste can be used but is likely to attract vermin and create odors (Lardinois & Klundert, 1993). 
However, the alternative for these types of waste is to dump them on the landfill which can be 
seen as a worse solution than composting it.   
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Table 1: Ideal composting conditions (de Bertoldi, et al., 1983; The US Composting Council, 2001) 
Oxygen content >18% 

Temperature Max. microbiological 
activity around 32.5°C 

Moisture content 40% - 60% 

pH range 5.5 - 8 

C:N ratio 25 

Nutrient content 
(dry weight) 

N > 1% 

P > 1% 

Particle size < 2.5 cm 

 

Table 2: Composting feedstock (Hoornweg, et al., 1999; The US Composting Council, 2001) 
Yes Maybe No 

Vegetables 

Fruits 

Farm waste 

Crop residues 

Leaves 

Grass 

Trimmings 

Cardboard 

Sawdust 

Bark  

Household kitchen 
waste 

Human excreta 

Manure  

Sewage sludge 

Biodegradable 
packaging material 

Carcasses 

Fish scraps  

 

Wood  

Green coconut 
shells 

 

Bones 

Paper  

Leather  

 

 

In order to increase the rate of organic decomposition several steps can be included into the 
operational design. These steps include feedstock shredding, an initial feedstock aeration step 
and leachate recirculation. With leachate recirculation the leachate is collected and brought 
back into the organic waste. This increases the moisture content from about 20% to 45% and 
it also increases the distribution of nutrient, substrates and bacteria (Kjeldsen, et al., 2002).  

 

The input of the process consists of feedstock, water and oxygen. The output consists of 
finished compost, water (vapor), carbon dioxide and heat. The degradation of the biomass 
results in a decrease of both volume and mass and the decreasing rates are shown in Table 3. 

 

Table 3: Mass and volume conversion composting (2cg, 2011) 
 Feedstock (start) Finished compost 

Mass 100% 50% 

Volume 100% 20% 
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3.7 Type of composting  

The choice of composting technology is made based on several aspects such as capital and 
operating costs, land availability and weather conditions. The three main technologies which 
will be described in this section are windrow, aerated static pile and in-vessel composting 
(Hoornweg, et al., 1999). All methods require similar preoperational steps, namely feedstock 
shredding and mixing, which can be done manually or with rotary drums (2cg, 2011). 

 Windrow composting 3.7.1.

The organic material is built up in large piles or windrows. The most common method is to 
turn the material either mechanically or manually in order for the oxygen to enter, the material 
to circulate and the particles to break down (Hoornweg, et al., 1999). Another method, 
passively aerated windrows, is basically a combination of windrow and aerated static pile 
composting where the material is not turned but aerated through pipes in the piles (Rynk, 
1992). Windrow composting is characterized by low capital and operational costs, high land 
requirements, vulnerability to cold and wet weather conditions. The duration of the 
composting process is between 4 – 18 months depending on the turning rate (Hoornweg, et al., 
1999).    

 Aerated static pile composting 3.7.2.

The aerated static pile composting is a more advanced version of the passively aerated 
windrows. The piles are built up more systematically with a ground base, a top layer and the 
use of bulking agents (Hoornweg, et al., 1999). The air is blown in or pulled out of the pile to 
obtain optimal process temperatures and the airflow can be regulated by a time or a 
temperature sensor (Rynk, 1992). Aerated static piles are rarely used to breakdown organic 
material but mostly for composting of biosolids, due to the lack of turning of the organic 
material (Composting Council of Canada, 2010). Typically an aerated static pile has low capital 
cost, high operational costs, high land requirements and duration between 3 – 4 months 
(Hoornweg, et al., 1999).  

Lardinois & van der Klundert (1993) compared the windrow and the aerated static pile 
composing in a case study in Karachi, Pakistan. Both methods delivered good quality compost 
although the windrow compost lost some nitrogen due to high temperatures. Despite of that 
the windrow composting was considered the most suitable because of its simple nature.   

 In-vessel composting 3.7.3.

With in-vessel composting the organic material is placed in a vessel, container or silo. It is 
designed so that the airflow input and turning rate can be controlled in order to control 
important process parameters such as temperature and oxygen content (Hoornweg, et al., 
1999).  

 Rotary drums  3.7.4.

Rotary drums are very similar to the in-vessel composting installations. However, rotary drums 
are not a composting technology by itself but merely a preparatory step. The rotating drums 
reduce the particle size, mix the material, screen the material and aerate it. The degradation of 
the organic material is initiated and before leaving the drums the material is screened for e.g. 
plastics. They replace the shredding and mixing machine and have the advantage that they 
screen the material better for contaminants (Composting Council of Canada, 2010). 

3.8 Compost quality  

An important aspect for the marketing of the product is the compliance with the local quality 
standard of compost.  A quality standard gives a framework to follow so that the product is 
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safe to use and meets the environmental laws and regulations. The standards are there so that 
there is not leaching, plant uptake or accumulation of heavy metals in the local environment, 
and the compost is safe to handle (Hoornweg, et al., 1999). Table 4 shows allowed heavy metal 
concentrations in different regions, whereas the European Commission established two 
different quality classes.  

Table 4: Allowed heavy metal concentration in mg/kg dry compost  
 Canada1 European Commission2  Dev. countries 

(proposed)1  Class I Class II 

Impurities   <0.5% <0.5%  

Gravel & stones  <5% <5%  

Arsenic (As) 13 - - 10 

Cadmium (Cd) 2.6 0.7 1.5 3 

Chromium (Cr) 210 100 150 50 

Copper (Cu) 128 100 150 80 

Lead (Pb) 83 100 150 150 

Mercury (Hg) 0.83 0.5 1 1 

Nickel (Ni) 32 50 75 50 

Zinc (Zn) 315 200 400 300 

 1 (World Bank, 1997a) 
 2 (EC Directive, 2001) 

3.9 Economic considerations 

Many composting plants have been shut down due to false accounting practices whereby the 
economic value of composting is merely based on the value of finished compost (Selvam, 
1996). The true value of composting however is much more difficult to determine since it 
entails both financial and environmental aspects, of which the environmental aspects are 
difficult to quantify in monetary value. Table 5 shows a list of both the financial and economic 
aspects that should be taken into account. When evaluating a composting plant the decision 
makers have to include all costs and benefits in order to acquire the realistic value of the plant.  

 
Table 5: Financial and environmental costs and benefits (Hoornweg, et al., 1999) 

 Costs Benefits 

Financial 
 

Capital investment 

Operational cost 

Finished compost sale 

Avoided landfill disposal cost 

Environmental Odors  

Leachates 

Reduced landfill space 

Reduced water contamination  

Reduced GHG emissions 

Reduced soil erosion 

Increased recycling practices 

Social Surrounding areas inhabitable  Increased health 

Job creation 
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4. WASTE CLASSIFICATION  

This section will show the findings of the field study performed in Tsumeb. The chapter aims 
to show the geography of the city, the character of the waste, the quantities of the waste flows 
and a flow chart of the total waste flow.   

4.1 Current situation 

The population of Tsumeb is estimated at 28.000 inhabitants and the World Bank classifies 
Namibia as an upper middle income (UMI) country which has an average income of 36.000 – 
112.0001 NAD per year. The average waste produced in UMI countries is 420 kg per year of 
which about 54% is organics (Hoornweg & Bhada-Tata, 2012). 

 

 

Figure 2: Map of Tsumeb (Kearns, oral communication 2014) 
 

4.2 Waste flows and material types 

The Health department of the Tsumeb municipality is responsible for both social and 
environmental health. It has two sub-departments which are the Cleansing and the Parks 
department, whereas the Cleansing department is responsible for the waste collection and the 
Parks department takes care of public spaces. The Cleansing department collects the household 
waste, business waste and garden waste, whilst the Parks department collects the organic waste 
from the public spaces such as excavated sand from grave diggings and grass clippings from 

                                                      
1 Exchange rate on 08-05-2014 was 1 euro = 14,47 NAD.  
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sport fields (Kearns, oral communication 2014). The collected materials are recorded in the 
monthly health reports of which a summery is depicted in Appendix III.  

For this case study the organic waste flows will be divided into two types: the primary and the 
secondary organic waste flows. This is done to divide the organic waste flows into ‘clean’ 
organic flows and mixed waste flows. The organic waste flows that are ‘clean’ can be used for 
further treatment right away, whilst the mixed organic waste flows need some additional 
separation steps. Therefore one could say that they are for short- and long term 
recommendations respectively.  

The primary organic waste flows are the flows that are collected separately and consist out of 
mainly organic waste, like the garden waste and the sewage sludge waste. The secondary 
organic waste flows are the flows that include organic waste but are mixed with other wastes as 
well, like the household waste. The household waste e.g. consist of food waste but due to a 
lack of waste separation this organic waste cannot be diverted from going to the landfill and 
will therefore not be included in the short term recommendations.  

Table 6 shows the primary waste flows within the Tsumeb municipality. These waste flows 
consist out of predominately organic waste and are currently collected separately from the 
other MSW.   

 

Table 6: Primary organic waste flow  
Waste flow Description Organic material types 

(UNEP, 2009) 

‘Abattoir waste’1 Waste from the local 
abattoir.  

‘Food’ 

’Condemned Foodstuffs’ Condemned food from 
health inspections.  

‘Food’ 

’Garden Refuse Loads(paid)’ Garden refuse removal  
(ordered) 

’Leaves & Grass’, ’Prunings & 
Trimmings’ and ’Branches & 
Stumps’ 

’Pavement G/Refuse Loads’ Garden refuse removal in 
Town (scheduled)  

’Garden Refuse – Nomtsoub’ Garden refuse removal in 
Nomtsoub (scheduled) 

’Loads G/R parks’ Parks refuse removal 

Sewage sludge1 Sewage sludge left to dry in 
drying basins.  

‘Sewage Solids’ 

  1 Abattoir waste and sewage sludge are not mentioned as a waste flow in the monthly health reports. 

 

Table 7 shows the secondary waste flows of the Tsumeb municipality. These are the flows that 
are mixed and include different types of organic material. Momentarily a proper separation of 
these mixed flows is considered infeasible due to a lack of resources, public knowledge and a 
good collection system (Kearns, oral communication 2014). For these reasons the mixed waste 
flows are considered to be of secondary importance, and will not be part of the short term 
recommendations within this study.  
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Table 7: Secondary organic waste flows 
Waste flow Description  Organic material types (UNEP, 

2009) 

‘House Refuse/ Ash Loads in 
Nomtsoub’ 

Mixed household waste, 
Nomtsoub.  

‘Food’, ‘Leaves and Grass’, 
Prunings and Trimmings’, 
‘Textiles’, ‘Carpet’ and 
‘Remainder/Composite Organic’ 

‘House Refuse/ Ash 
Loads in Town’ 

Mixed household waste 
Town. 

‘Hospital – Bags’ Mixed household waste 
from hospital.  

‘Business Refuse 
Loads’ 

Mixed business waste 
(counted per bulk). 

‘Business Refuse 
Drums’ 

Mixed business waste 
(counted per drum). 

‘Grootf. & Oshakati 
Crossing’ 

Mixed waste from 
transport station.  

 

4.3 Quantification of waste 

The quantities of the waste flows are measured by the health department and the relevant parts 
of the monthly health reports are summarized in appendix III. From June 2013 onwards there 
were some irregularities due to problems with the subcontractors. Therefore the data from 
June 2012 until May 2013 was selected since this data is the most recent uncompromised data 
available. In the following chapter the quantities of the primary waste flows are estimated in 
order to find how much organic waste can be diverted on the short term and used for other 
purposes. These wastes are the abattoir waste, condemned foodstuffs, waste from the cleansing 
department (garden waste), waste from the parks department and waste from the sewage 
sludge treatment.  

The organic waste classified as ‘Abattoir’ are wastes from the animals such as intestines and 
blood. It was decided not to include the animal waste into the total waste flow calculations 
calculations because of two reasons. First of all the cattle and the sheep slaughterer claimed 
that he did not let anything go to waste and that he even sold the intestines as food. Secondly 
the pig slaughterer is currently building a new facility, which will also be used by the cattle and 
sheep slaughterer, were blood and other animal wastes will be transformed into fish food. This 
facility is expected to be running in the end of 2014.  

The perishable condemned foodstuffs consist out of meat, vegetables etc. on condemned by 
the health department during their inspections. Currently the condemned food is separated 
from the normal waste and buried on a secret location at the same premises of the sewage 
treatment facility, so that the scavengers won’t be able to access it. Since it is already separated 
from the normal waste it will be easy to use it for other purposes.  

 

Table 8: Yearly flows, abattoir and condemned food from appendix III 
 Total Av. waste (t) Mass (t) 

1.4 Condemned foodstuffs     

Perishable  (kg) 7503  7.5 
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The total amount of garden refuses collected by the cleansing department and the parks 
department are depicted in Table 9. The different units are due to the fact that the garden 
refuse collection of the Nomtsoub area was outsourced at the time to Enviro-Fill, which is a 
local private waste management company. The ‘Garden Refuse Loads (paid)’ flow is the 
ordered organic waste collections which inhabitants of Tsumeb can request. The ‘Pavement 
G/Refuse Loads’ are the scheduled organic waste collections in town whilst the ‘Garden 
Refuse – Nomtsoub’ are the scheduled organic waste collections in Nomtsoub. The ‘Loads 
G/R from Parks’ are the organic waste collections from the parks department after their 
activities at the public spaces such as clipping of grass or excavation of graves.  

 

Table 9: Yearly garden waste flows 
Department Description Amount (loads 

or m3 per year) 
(m3/ 
load) 

Kg/ 
load 

Mass (t) 

Cleansing Garden Refuse Loads (paid) (loads) 646  2481 
160,2 

 

Pavement G/Refuse Loads (loads) 5210  2481 1292,1 

Garden Refuse - Nomtsoub (m3) 1631 1,02 2481 404,5 

Parks Loads G/R from Parks (loads) 436 4,93  906,74 

Total     2763,5 

1 Average weight per load equals the weight of 1 sample divided by 5 (from Table 11). 
2 The capacity of the front end loader bucket was estimated at 1,0m3. 
3 The dimensions of the truck load were 3,4*0,8*1,8 = 4,896 m3.  
4 The average density of the organic waste from the parks is calculated by multiplying the 
percentage by the density of the fraction as given in Table 12. Average density = 75%*166 + 
25%*1201 = 424,75 kg/m3. 

 

During the stay in Namibia the produced sludge was measured by counting the basins that were filled up with 
wet sludge during a period of three months. The sewage treatment plant consist out of the following stages: 
rough screens; sedimentation/floatation; bio-treatment with grated stones; clarifier; and aerated ponds. Once 
in a while the sludge is drained from the system and stored in basins where it can dry. Appendix IV shows an 
overview of the drying basins of the sewage plant. During a period of three months the basins depicted in 
Table 10 were filled with wet sludge which resulted in an average dry sludge height of 15cm. By measuring 
the produced sludge over a period of three months the total annual sludge production within Tsumeb can be 
estimated, as done in Table 10. 

 

Table 10: Sewage sludge production in basins as in Appendix IV 
Nr. of 
basin 

Area 
(m2) 

Height 
(m) 

Volume dry 
sludge (m3) 

Mass dry 
sludge1 (ton) 

1 35,86 0,15 5,4 3,9 

2 29,67 0,15 4,5 3,2 

3 29,34 0,15 4,4 3,2 

7 29,34 0,15 4,4 3,2 

8 29,67 0,15 4,5 3,2 

11 29,67 0,15 4,5 3,2 

12 29,34 0,15 4,4 3,2 
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16 29,34 0,15 4,4 3,2 

Total measured mass 3 months (ton) 26,2 

Total yearly estimated mass (ton) 104,6 

 1 The density of the dry sludge was measured at 25kg/0.35m3 = 720 kg/m3 

4.4 Fluctuation of organic waste flow 

In appendix III the primary organic waste flows that were recorded by the municipality over a 
period of three years are plotted in graphs A-E. There is no distinct trend observable and 
therefor it is assumed that there is no seasonal variation concerning the amounts of organic 
waste produced.  

4.5 Waste characterization 

The waste collected by the cleansing department consists out of organic waste from private 
gardens and from the streets. The waste collected by the parks department consists out of 
organic waste from public parks, graveyards and open fields. Due to their different origin, the 
waste streams of the different departments will be characterized separately.  

 Cleansing department 4.5.1.

The waste collected by the cleansing department is mixed and contains organic waste that 
typically is found in gardens. Therefor the UNEP waste characterization methodology is used 
for this waste stream in order to find out the fractions of which the streams consist.  

The mean estimate of the ratio, rj of each material, j, in every sample, i, can be calculated as 
followed:  

   
∑      

∑      
                                                                                                                       

Where r is the ratio; m is the material weight (kg); w is the total sample weight.  

The variance of the mean estimate, Vrj, can be calculated by using the following equation: 

    
 

 
 

 

  
 
∑            

 
 

   
                                                                               

Where n is the amount of samples; w is the average sample weight (kg).  

The confidence level, CL, can be calculated by: 

     √                                                                                                                    

Where t is 2,132 for five samples and a desired confidence level of 90% (University of Regina, 
2014).  

Table 11 shows the measured fractions of the five waste samples which are recorded in 
Appendix V. The ratio can be calculated with equation (1), whilst the variance and the 
confidence level can be calculated with equations (2) and (3) respectively. There is quite a bit of 
variance within the sample fractions which gives a wide confidence level, which can be 
diminished by including more samples. However, for the purpose of the study, which is to get 
a broad idea of the waste character, the results are deemed adequate.  
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Table 11: Summarized waste samples  
Sample Grass & 

leaves 
(kg) 

Trimmings 
& prunings 
(kg)  

Branches 
& stumps 
(kg) 

Other (sand, 
stones) (kg) 

Household 
waste (kg) 

Total 
(kg) 

1 178 33 0 760 36 1007 

2 263 107 93 648 5 1116 

3 65 114 180 760 47 1166 

4 134 226 10 496 6 872 

5 93 51 8 1862 19 2033 

Total (kg) 908,9 658,4 360,8 5612,2 140,1 7680,6 

Fraction (rj) 0,12 0,09 0,05 0,73 0,02 1,00 

Average sample (kg) 146,6 106,2 58,2 905,2 22,6 1238,8 

Variance 0,0016 0,0013 0,00092 0,0065 0,000053  

Confidence level (90%) 0,085 0,078 0,065 0,17 0,016  
 

 Parks department 4.5.2.

Currently the parks department transports its waste to different locations. The grass for 
example is left to digest so it can be used as compost, whilst other materials are either dumped 
on the landfill or used for other purposes. Currently they only have one pickup truck at their 
disposal which means that the loads are very small and often consist out of merely one 
material. Because of this singularity and the fact that the waste is deposited on different 
location it was decided not to use the UNEP methodology. Instead, for a week the amounts of 
truckloads of each type of organic waste were counted, and the results are shown in Table 12. 

 

Table 12: Parks department (truck loads) 
 Thu  

10/04/14 
Fri 
11/04/14 

Mo 
14/04/14 

Tue 
15/04/14 

Wed 
16/04/14 

Total Density 
(kg/m3) 

Mass 
% 

Grass & leaves 3  3 2 4 12 1661 29 

Prunings & trimmings         

Branches & stumps         

Sand & stones  2 2   4 12011 71 

Total      16  100 
1 ‘Grass’ (840 lbs per 3 cubic yards) and ‘Earth, common, dry’ (EPA, 2006)  
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5. ANALYSIS  

This chapter will start with an overview of the waste streams and their respective waste 
fractions. Then possible purposes are discussed for which the organic waste be reused and 
after that the necessary set-up is discussed with the associated costs and benefits.  

5.1 Waste flow overview 

Table 13 shows an overview of the waste flows identified in chapter 4 which can be used for 
composting. The total collected organics represents the amount of organic waste that is 
currently collected separately and can be diverted from going to the landfill. The total waste 
flow is based on the findings from this research and from a research concerning Tsumeb’s 
household waste which was performed simultaneously (Croset, 2014). The total collected waste 
flow also contains organic waste, such as food waste, but is not separated from the other waste.  

 

Table 13: Waste flow overview (ton per year) 
Origin Total 

flow (ton) 
Type(s) of waste Ratio Amount  

(ton) 
% % 

Sewage treatment  Sewage sludge 1 104,6 3,6 1,5 

Condemned foodstuffs 7,5 Foodstuffs 1 7,5 0,3 0,1 

Cleansing 1856,8 Grass & leaves 0,12 219,7 7,6 3,2 

Prunings & Trimmings 0,09 159,2 5,5 2,3 

Branches & stumps 0,05 87,2 3,0 1,3 

Sand & stones 0,73 1356,8 47,1 19,8 

Household waste 0,02 33,9 1,2 0,5 

Parks 906,7 Grass & leaves 0,29 262,9 9,1 3,8 

Sand & stones 0,71 643,8 22,4 9,4 

Total collected organics    2875,6 100 42,1 

Total collected waste    6838,0  100 

 

5.2 Waste for composting 

Figure 3 shows a Sankey diagram with a rough forecast of how the organic waste flows could 
be diverted. The forecast is not based on an ideal compost mix and can therefor differ in 
reality. Nevertheless is gives an idea of how the diversion would look like and it gives a rough 
estimation of how much waste would directly be available for composting. Composting has 
been opted as the most suitable solution for Tsumeb’s organic waste material. Discussions with 
local stakeholders have clarified that there are currently no funds available for investments in 
expensive machinery such as anaerobic digesters. Thereby, the waste consists mainly of organic 
material with high lignin levels, which is suitable for composting but not for anaerobic 
digestion. Organic material that is excellent for anaerobic digestion, such as food waste, is 
currently not separated from the mixed household waste flow. Due to the lack of funds 
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available and the type of organic material that can be diverted from the landfill on a short-term, 
composting is considered to best organic waste treatment method.  

The ‘Sand & Stones’ fraction goes to the landfill where it can be used as a covering layer 
material. The pieces of the ‘Branches & Stumps’ flow a can be used by local residents as a 
cooking fuel or by the nearby Energy For Future (EFF) as biofuel which replaces the coal. The 
remaining fractions; ‘Sewage sludge’, ‘Condemned foodstuffs’, ‘Grass & Leaves’ and ‘Prunings 
& Trimmings’; are assumed to make a good mixture for composting practices. As of the 
moment Figure 3 only shows the organic material from the primary waste flow. A future 
recommendation would be to include the secondary waste flows as well, which contains large 
fractions of food waste which e.g. is an excellent feed for composting.  

 

 

Figure 3: Sankey diagram of organic waste flow  
 

 Composting quality standards 5.2.1.

The final product has to meet certain quality standards so that it is safe to use and that it does 
not harm the environment. The proposed standards for developing countries concerning heavy 
metal concentration shown in Table 4 are believed to be appropriate in order to meet this goal. 
Compost samples should be taken and examined in order to find out whether or not the 
compost meets the quality standards and to make sure that the compost is not harming the 
environment. In order to produce a product of high quality the ideal process conditions as 
given in Table 1 can be adopted in combination with a good feedstock as described in Table 2. 
This study did not go into detail concerning the process conditions and the feedstock relevant 
to Tsumeb. However, these tables can be used as guidance by the executing stakeholders when 
realizing the composting project.  

What has to be taken into account is the air pollution caused by the local smelters company 
since the air pollution can pollute surrounding areas of soil and thus the compost. In 2008 the 
Ministry of Environment and Tourism published a local seasonal report concerning the air 
pollution and currently they are working on a new report which should be finished at the end 
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of 2014. However, these reports are only available to a limited audience2 and therefor the 
findings could not be depicted in this report. 

5.3 Waste for biofuel 

The organic material that is not suitable for composting can be used for other purposes. Large 
quantities of wood can for example be used as a biofuel. Currently wood is still widely used as 
a cooking fuel across Namibia and next to that there is also a nearby cement factory that burns 
wood for their energy consumption.  

EFF (Energy For Future) is a daughter company of the Schwenk Group in Germany and 
focusses on cutting encroacher bush from surrounding farmland. The bush will then be used 
as a biofuel in the Ohorongo cement factory where it partly replaces the conventionally used 
coal. Another environmental benefit is the increased biodiversity. The bush encroachment has 
caused a decline of the available food for the local livestock. By cutting the bush in a controlled 
way, where protected species are saved, and providing the necessary aftercare in collaboration 
with the local farmers, EFF aims to restore the original natural environment (Colin Christian & 
Associates CC, 2010). EFF could potentially use the collected biofuel from Tsumeb which 
would divert it from going to the landfill. This potential should be further developed in the 
future if the project is in a more developed stage.  

5.4 Local set-up 

For the municipality of Tsumeb the windrow composting method seems to be the most 
suitable due to its simplicity. The low capital and operational cost of the method speak highly 
in favor since there are not a lot of funds available at the Tsumeb municipality. A negative 
aspect such as the large area requirement could be a problem. The available land next to the 
sewage treatment facility has been suggested by municipal employees. This area is outside of 
the residential area and close to the sewage treatment plant (which can provide the composting 
facility with sludge and thereby take care of the captured leachates).   

The climate in Tsumeb is also favorable with temperatures ranging from 15°C to 25°C and 
with heavy rainfall only occurring during the raining season which is between December and 
March (World Bank, 2014). During the dry season the water from the sewage treatment plant 
can be used to keep the moisture content high. This water is not purified completely due to the 
outdated technology and still contains nutrients. Currently it is used for the watering of the 
parks and sports fields and could also be used for the composting process where the nutrient 
level of the water is appreciated.   

 Stakeholders 5.4.1.

The identified stakeholders are organized according to their level of influence and interest in 
Figure 4. The figure is created after discussions with personal from the Health department and 
aims to show the intended audience what stakeholders have to be taken into account when 
pursuing further development of the project. The identified key stakeholders are the city 
council, the local health department, and in the case of a PPP also the private entrepreneurs.  

The city councils motivation is to satisfy the citizen’s needs, which is keeping a clean city and 
free of diseases, at an as low cost as possible. So far the city council has been restrained 
towards making large investments, mainly due to the lack of available funds (Kearns, oral 

                                                      
2 The audience consists out of the Managing Director of Dundee Precious Metals, Country Manager 
Dundee Precious Metals, Ministry of Health and Social Services, Ministry of Environment and Tourism, 
Ministry of Agriculture and Rural Development, Tsumeb municipality, Chief Inspector of Mines and the 
Ministry of Mines and Energy.  
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communication 2014). It is therefore important to educate the city council about the economic, 
social en environmental benefits that a composting facility has, and that investments in this 
case can also lead to a new form of income. To get the city council involved and on board early 
on within the project is important as they are the ones deciding upon continuation.  

 

Figure 4: Stakeholder matrix 
 

Since the city council might also be sensitive about the image that people from outside have of 
the city of Tsumeb it might be beneficial to include NGO involvement and media coverage in 
order to persuade them. One of the contacts made in Namibia was a woman experienced with 
starting public education projects concerning recycling and who also had close contacts with 
journalists who cover sustainable initiatives. She declared a willingness to get involved in 
Tsumeb’s project and her details have been exchanged with the health manager.  

The executive body of the composting project, and therefore a key stakeholder, is the local 
health department. Its main goal is to increase the public and environmental health of the city, 
two aims that both are pursued by a composting project.  

One of the first decisions that the municipality has to make is to figure out how the 
management of the composting facility is going to look like. With the information given in ‘3.4 
Challenges of composting’ and ‘3.6 Set-up’ one could conclude that the municipality alone 
would perhaps not be the most suitable management body as past experiences show that 
public composting initiatives have failed in many cases. The municipality could for instance 
chose to start a PPP(Public Private Partnership), in which case the involved private 
entrepreneur also becomes a stakeholder as it becomes the second executive body. Whereas 
the main aim of the health department is to increase the public and environmental health, the 
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main aim of the private entrepreneur is to make the project profitable. The combination of 
these two aims will ensure the environmental and economic sustainability of the project.  

A recent development within the municipality is that they are trying to start a municipal 
company for which they are waiting for the approval of the national government. Such a 
municipal company would have the same benefits as a PPP and is therefore also suitable for 
managing the potential compost facility. If this plan becomes a reality a PPP won’t be 
necessary anymore which would exclude the private entrepreneur as a stakeholder.  

 Equipment and laborers  5.4.2.

One of the main advantages of the windrow composting method is the low need for capital 
investment, as mentioned in 3.7.1. According to a report for the Sri Lankan government the 
following machines are necessary for a small compost operation in a developing country: 
screening machine, shredding machine, sealing machine, sawing machine and a weight scale 
(NSWMSC, 2009). However, for the cost calculation only the shredding machine will be taken 
into account. For the other machines there were no clear specifications and are therefore 
excluded but should be included in future more detailed cost calculations. In addition to the 
shredding machine also a tractor with a frontend loader will be included in the calculation that 
can be used for transportation of the masses and the mixing and aeration of the compost piles.  

According to the Sri Lankan report the amount of people needed when having an input of 5 
tons of waste every day is eight; one supervisor and six workers. However, these amounts are 
based on a scenario where no front end loader is used and everything is done manually. So 
when including machines the amount of workers would go down. For the Tsumeb facility only 
six laborers are therefore considered; one supervisor and five workers.  

 Composting site 5.4.3.

When looking for an appropriate location for a composting plant the following factors have to 
be taken into account; topography, geology, land use, climate, local environmental conditions 
and local social conditions. Preferably the plant will be built on either a sandy or a clay soil and 
also on an as high ground as possible. Inappropriate locations include wet areas such as marshy 
lands and lagoons, areas with boulders and former waste dumping spots (NSWMSC, 2009). In 
the case of Tsumeb the area next to the sewage plant was suggested due to its direct excess to 
both the sewage sludge and the water treatment facilities which can be used for the leachates. 
However, this site has to be examined first in order to find out if it complies with the 
guidelines given by the NSWMSC (2009). This included surveys concerning topography, 
geology, land use, climate, environment and society.  

The composting plant should consist out of the following facilities; receiving area, material 
recovery facility (MRF), windrow decomposing facility, maturation, sieving, storage, an office 
and a workers rest room (NSWMSC, 2009). A local landfill site might not be needed since the 
residue (material unsuitable for composting) can be dumped on the municipal landfill. Table 14 
shows the estimated size of the composting plant and the required buildings. 
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Table 14: Estimated site construction requirements (NSWMSC, 2009) 

Facility  Area (m2) Building 

Receiving area 10 
Yes (30 m2) 

MRF 26,7 

Windrow decomposing 396 No 

Maturation 4,2 No 

Sieving 25 No 

Storage 9,1 Yes (9,1 m2) 

Office 20 Yes (20 m2) 

Rest room 20 Yes (20 m2) 

Total 511 4 (80 m2) 

 

5.5 Cost-benefit analysis  

The potential costs and benefits of a composting plant are shown in Table 5. Since the 
environmental factors are difficult to express in monetary terms only the financial factors will 
be discussed here. Two costs are not discussed in this chapter, namely the transportation costs 
and the cost of land. Currently the organic material is already transported to the landfill. These 
costs are allocated to the Cleansing department and since the waste collection will continue to 
be their responsibility the associated costs will continue to be allocated to them. The purchase 
of land is not included since the Tsumeb municipality already owns pieces of land that could be 
suitable for a composting facility (Kearns, oral communication 2014). 

 Capital investment 5.5.1.

The investments associated with the composting plant consist of the building of the composting site 
and the buying of the necessary equipment. Based on Table 14 the current Building Control Officer, 
Llewellyn Jansen, made an estimation concerning the site construction. The cost of the necessary 
equipment, the front-end loader (model backhoe loader) and the chipper are based on quotations 
from the nearby Hoffman’s Farm Implements in Otjiwarongo which are depicted in more detail in 
Appendix VI. The results of these quotations are depicted in Table 15. 
 

Table 15: Capital investment quotations 
Item Quote (NAD) 

Composting site 450.000 

Tractor, model John Deere 5076E 415.000 

Staalmeester Tractor P.T.O. driven chipper 35.000 

Front-end loader, model John Deere 553 135.000 

Total 1.035.000 
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 Operational costs 5.5.1.

Since the feedstock is already provided by the municipality the operational costs mainly consist 
out of labor and fuel expenses.  

As discussed in 5.4.2 the plant can be ran by one supervisor and five workers, whereby some 
workers can be offered a short time contract as short term employees are offered cheaper 
contracts. The monthly salaries estimated at 14.000 NAD (supervisor), 7.000 NAD (worker) 
and 4000 NAD (short term worker) (Kearns, oral communication 2014). With two normal 
workers and three workers on a short term contract this comes down to a total sum of 480.000 
NAD per year.  

Other operational costs are overhead, diesel, electricity and maintenance costs. Electricity is 
used for the office and for the outdoor lighting of the site. The maintenance required is 
associated to the equipment and the site. In reality the maintenance costs will increase with 
time but for the simplicity of the estimation this cost is considered to be fixed. The total 
amount of other maintenance costs is roughly estimated at 200.000 NAD per year (Kearns, 
oral communication 2014).  

 Finished compost sale 5.5.2.

From Table 13 the amount of organic material going to composting can be derived. All organic 
waste except for the Sand & Stones and the Household waste can be used for composting, 
which entails about 676 ton per year. This will convert into approximately 338 ton of compost 
when using the ratio as given in Table 3. The market price of finished compost is estimated at 
45 NAD per 18kg3. This will come down to yearly revenue of 845.000 NAD if all the compost 
produced would be sold.  

 Avoided landfill disposal cost 5.5.3.

The dumping in Tsumeb should be classified as controlled dumping rather than open 
dumping, since there are some minor treatment methods to control the site. These methods 
include placement, compaction and informal waste picking. Currently the management of the 
landfill is outsourced which makes it difficult to estimate the actual expenses. The Tsumeb 
municipality pays the fixed amount of 85.000 NAD per month and this contract will end in 
August 2016. The total amount of waste going to the site is 68384 ton per year which brings 
the cost to 150 NAD per ton.  

In the new, future situation, the Tsumeb municipality will however be switching to a sanitary 
landfill that will gradually be built up to the international standards for sanitary landfills. The 
cost of a sanitary landfilling in UMI countries is estimated by the World Bank at 262 – 682 
NAD per ton (Hoornweg & Bhada-Tata, 2012). Since the plan is to gradually build up the level 
of the sanitary landfill the lower limit of the cost will be used. Also, using the lower level will 
leave a margin for possible errors. This new landfill is expected to be up and running in 2016 
and in the cost calculation the future landfill costs are used.  

 
  

                                                      
3 Estimation by local entrepreneur Nico Louw who is interested in starting a composting plant.  
4 From Table 13. 
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Table 16: Avoided landfill disposal cost 
 Disposal cost (NAD 

per ton) 
Avoided waste 
quantity (ton) 

Total cost (  NAD) 

Current situation 150 2763,51 415.000 

Future situation 262 2763,51 724.000 

 1 From Table 9. 

 

 Summarized costs and benefits 5.5.4.

Depicted in Table 17 the results from the cost-benefit analysis can be found. The balances are 
shown over a 1, 5, 10 and 15 year period of time. The costs and benefits in this table are static 
which in practice is not realistic. But since there is no previous research on the matter it is 
difficult to predict these changes. Here are some factors that are likely to change over time and 
these points should be kept in mind when analyzing Table 17: 

 The amount of waste available: due to population growth and increasing wealth the 
total amount of waste is likely to go up. Thereby one could also expect that the 
Tsumeb municipality will increase their waste separation schemes which will increase 
the available organic material as well. These changes will change the predictions for the 
finished compost sale, the avoided landfill costs and the operational costs. The capital 
investment is estimated at a 5 ton daily feedstock whilst Tsumeb’s feed is only 2,5 ton 
per day. So the necessary capital investment will only change once the amount of 
organic waste exceeds 5 ton per day.  

 The price of compost:  currently the price of compost is estimated at 45 NAD per 18 
kg. However, in the current situation the product availability is low and it is likely that 
the price of compost will go down once a large composting plant is in the running.  

 Depreciation of capital: the capital consists out of the site construction, a tractor, a 
chipper and a front-end loader. The lifetime of these investment is not known but 
Table 17 can be read in such a way that the lifetime of all the capital investment is set 
on 1, 5, 10 or 15 years.  

 

Table 17: Cost-benefit summary (in NAD)  

    1 year 5 years 10 years 15 years 

Benefits 

Finished compost sale 845.000 4.225.000 8.450.000 12.675.000 

Avoided landfill cost1 724.000 3.620.000 7.240.000 10.860.000 

Subtotal 1.569.000 7.845.000 15.690.000 23.535.000 

            

Costs 

Capital investment 1.035.000 1.035.000 1.035.000 1.035.000 

Operational cost 680.000 3.400.000 6.800.000 10.200.000 

Subtotal  1.715.000 4.435.000 7.835.000 11.235.000 

            

  Net benefits -146.000 3.410.000 7.855.000 12.300.000 

 1 Avoided landfill cost is based on the future scenario, with the sanitary landfill. 
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6. DISCUSSION  

Out of the total collected waste in Tsumeb about 42% is organic material which equals 2876 
ton per year. This waste stream consist out of 70% ‘Sand & Stones’, 17% ‘Grass & Leaves’, 6% 
‘Prunings and Trimmings’, 4% ‘Sewage sludge’, 3% ‘Branches & Stumps’, 1% ‘Household 
waste’ and 0,3% ‘Condemned Foodstuff’. By separating these fractions the can be recycled and 
used for different purposes. The ‘Sand & Stones’ can go to the landfill where it can be used as 
a covering material, the ‘Branches & Stumps’ can be used for biofuel and the rest of the 
organic waste can be used for composting. The current yearly waste flow that can be used for 
composting is 676 ton, which can results in a production of 338 ton of compost. The main 
conclusion of the characterization is that 99% of the organic waste currently going to landfill 
can be recycled provided that they are properly separated.  

The cost estimation showed that starting a composting facility has the potential to be lucrative 
for the municipality of Tsumeb. The initial capital investments necessary for building the site 
and the required equipment would be earned back quickly (two years with the current 
estimations). This was mainly accomplished by the large amount of money saved from the 
avoided landfill costs, which are expected to increase with the building of the new sanitary 
landfill. However, the avoided landfill costs are based on a general number from a report from 
the World Bank and therefor it does not give any guarantee for Tsumeb but merely an 
indication. Other factors of the cost and benefit calculation are also based on broad 
estimations which does not make the resulting net benefits very trustworthy. However, the aim 
of the calculations was to get an idea of the potential economic feasibility of a composting 
facility and the current broad estimations confirm that there is a potential to create an 
economically sound business.  

The limitations of the study can be traced back to the following areas within the study; the 
used data from Tsumeb’s Health department, the way the waste characterization was 
performed and the cost-benefit calculation.  

For the calculation of the waste flows the available data from Tsumeb’s Health department was 
used. Currently the Health department keeps track of the amounts of waste collected and 
disposed as shown in Appendix III. A limitation of this data is that the quantities used in the 
reports do not have a qualitative nature, as for example ‘Bags’, ‘Drums’ and ‘Loads’ are used to 
measure the amounts of waste. In order to convert these vague expressions into more practical 
terms such as kilogram and m3, rough estimations had to be used concerning the size and 
content of the ‘Bags’, ‘Drums’ and ‘Loads’. In the plan for the new landfill a truck scale is part 
of the design which will increase the quality of the data in the monthly Health reports. So in 
time this limitation will not be an issue anymore.  

The characterization part also has three major limitations. Firstly the measurement tools as 
described in the methodology section were limited and did not give very accurate 
measurements. However, for the aims of the study, which was to get an idea of the waste 
character, one could argue that the tools were appropriate.  

But the second limitation of the characterization is of bigger concern. Due to a lack of 
resources (time) and a stagnated organic waste collection (due to equipment breakdown) all 
samples were taken within the same month and four samples were even taken in the same 
week. It would have been better if the samples would have been distributed over a longer 
period of time in order to see if there was any seasonal variation. Now the samples were all 
taken in the winter season (right after the raining season). If the samples would have been 
taken during the raining season there would probably have contained more vegetation while if 
they were taken during the dry summer season they would have contained less. The most 
representative solution is to take samples throughout the year in order to get a full 
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representation of all seasonal variations. The obtained results in this study should therefore be 
considered as an indication of how the waste streams within Tsumeb look like.  

The third limitation of the characterization is the amount of samples taken. Five samples was 
the minimum amount of samples according to UNEP methodology (2009) to reach a 
confidence level of 90%. But now, due to the limited amount of samples, the confidence level 
range is rather high. For the ‘Trimmings & Prunings’ fraction e.g. one could say that there is a 
90% certainty that the fraction falls between 0.086 ± 0.078. That represents an increase or 
decrease of 91% which is not a very accurate estimation. As pointed out in the previous 
paragraph the samples were all taken during the same month, and one would expect the 
variation to be less in such a case. What has to be taken into account here is that each samples 
equaled one truck load of organic waste, and that the composition of each truck load varies in 
composition during the day. For example; if a truck collects the organic waste in a street were a 
tree has been cut down, then the ‘Branches & Stumps’ fraction would increase considerably. 
The only way to diminish the effect of such a variation is by increasing the amount of samples, 
so that the mean is not affected badly.  

All three of these limitations are caused by a lack of resources and can be remedied by 
increasing the amount of money, time and effort that was put into the characterization. Money 
can buy more advanced tools that are able to measure large quantities of organic waste 
efficiently. Time and effort can increase the amount of samples taken en the distribution of 
these samples throughout the year.  

The costing of the composting facility is based on a Sri Lankan report (NSWMSC, 2009) which 
focusses on the plant, the equipment and the staff requirements. This report was taken since it 
focused on windrow composting in a developing country. However, there can still be quite a 
lot of different requirements for example due to different climates. The fact that there was no 
report specified for the African continent (and climate) should be seen as a small limitation 
only, as this study does intend to deliver a finished design specified for Tsumeb, but rather has 
an exploratory character.  

The limitations within the actual cost estimation however have to be considered as a large 
limitation. The basic calculation consists out of four factors, each of which can easily be 
declared as unfounded. The first factor is the finished compost sale. The market price was 
estimated by a local entrepreneur but no actual market research was conducted. Thereby it was 
also assumed that all the produced compost would be sold. The second factor is the avoided 
landfill costs, which were based on general estimations from the World Bank (Hoornweg & 
Bhada-Tata, 2012). These estimations are general numbers for all countries with an UMI 
classification and are not site specific for Tsumeb. The third factor was the capital investment. 
Here the land purchase was not included because it was assumed that the municipality already 
owned appropriate land. The site construction and equipment costs, as well as the operational 
costs (fourth factor) were all very rough estimations. Further research on these matters was not 
conducted due to a lack of resources.  

The purpose of the cost-benefit analysis was to get an idea of the associated financial 
considerations. It is supposed to function as a starting point from which the stakeholders can 
decide whether or not to continue with the proposed project. The rough estimations made in 
this report show that there is a possibility to make a profit when Tsumeb would start a 
composting facility. In order to get a better picture of the associated financial costs and 
benefits a separate study should be performed in which the specific requirements are examined 
in more detail. The current cost-benefit analysis, which was one of the objectives, is limited; 
but it serves the purpose of showing the potential of making a compost facility in Tsumeb into 
a sound business.  
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The results of this study can hopefully aid the further execution of the larger project, as 
described in ‘1.1 Background’. The new sanitary landfill is aimed to be operational in 2016 and 
before the start of the new landfill site there should be a concrete plan how to divert as much 
waste as possible from going to the landfill, and this study aimed to contribute to the 
realization of that. Next to this initial aim this study also aspired to educate the key 
stakeholders about the value that waste management has, and what financial and 
environmental gains waste diversion in the form of composting can have for the municipality 
of Tsumeb. In May 2014 the results of this study were presented to some of the key 
stakeholders and discussions concerning potential waste management solutions were held. The 
aim of this presentation was to present the findings of this study but also to change the 
perspective of some of the key stakeholders concerning the financial investments associated 
with a composting facility. The presentation and discussion informed the city council members 
on the environmental harmful effects and the actual value of organic waste when treated as a 
resource.  

The recommendation given throughout the report can be put in the following chronological 
order: (1) get the city council involved and on board of the project; (2) make a more 
comprehensive cost and benefit analysis including a market research; (3) constitute the most 
suitable management structure; and (4) brainstorm about how secondary waste flows can be 
included in the future.  

The first recommendation is of importance since the council will decide upon factors such as 
land availability and available funding, and will thereby decide upon the continuation of the 
proposed project. As mentioned before the results of this study were already presented to 
some of the key stakeholders, including two council members, with the purpose to show the 
economic value of (organic) waste as well as the environmental benefits of waste management. 
The second recommendation aims to cover the limitations of the current study. As discussed in 
the limitations section the current cost-benefit analysis is not reliable and should only be used 
as a reference for continuation of the proposed project. The third recommendation is there to 
overcome the struggles described in chapter 3.4 and in order for Tsumeb not to make the same 
mistakes as in previous composting initiatives.  

These first three points are short-term recommendations whereas the fourth recommendation 
is more for the long term. If the proposed composting project will be executed there will be a 
financial incentive in the future to include the secondary waste flows as well, e.g. the food 
waste within the household waste. More feedstock would in such a case mean more profit for 
the composting facility, and such a financial incentive can hopefully trigger further 
development of Tsumeb’s MSWM.  

 

7. CONCLUSION  

Composting is considered the most suitable organic waste treatment solutions for the Tsumeb 
municipality. It can even be concluded that there is a possibility for the municipality to create 
an economically sound composting business. The objectives as described in chapter 1.3 were 
all met and led to these two conclusions. However, the second objective, which was to quantify 
and characterize the organic waste flows in Tsumeb, and the third objective, which was to 
identify the costs and benefits of different waste management strategies, were both met but not 
as in-depth as initially intended. Their limitations are discussed in chapter 6 and a more detailed 
study focusing on these objectives should be performed.  
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APPENDICES  

Appendix I: Monthly primary organic waste flow over 3 years 

Summary of the 5 organic waste flows within Tsumeb over a period of 3 years. The 
information can be used to get an average yearly amount and to see whether or not there is a 
seasonal trend.  

Table 18: Primary organic waste flow pt. 1 
    

  Total Yearly 
av. 

1 Perishable condemned foodstuff  (kg) 39193 13064 

2 Garden Refuse Loads (paid) (Loads) 2909 970 

3 Pavement G/Refuse Loads (loads) 18093 6031 

4 Garden Refuse - Nomtsoub (m3) 7151 2384 

5 Loads G/R from Parks (Loads) 1606 535 

 

 
Table 19: Primary organic waste flow pt. 2 
 2010 2011 

 Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May 

1 (kg) 99 221 130 58 0 174 67 1194 533 51 25 147 

2 (loads) 77 120 199 67 31 55 27 94 94 24 63 90 

3 (loads) 512 411 558 496 266 235 221 156 245 311 720 148 

4 (m3) 272 125 229 100 147 311 172 193 181 200 190 210 

5 (loads) 102 22 45 0 42 24 24 46 56 45 22 58 

 
Table 20: Primary organic waste flow pt.  3 
 2011 2012 

 Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May 

1 (kg) 136 87 191 445 127 2243 746 660 1450 365 8327 14214 

2 (loads) 169 104 57 120 359 108 85 52 124 49 62 33 

3 (loads) 1936 384 247 524 652 516 1524 527 637 483 588 586 

4 (m3) 261 70 25 120 127 177 325 295 360 410 525 495 

5 (loads) 48 38 42 64 180 52 42 37 41 28 52 60 

 
Table 21: Primary organic waste flow pt.  4 
 2012 2013 

 Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May 

1 (kg) 89 92 280 95 628 457 487 1271 2412 622 286 784 

2 (loads) 65 60 72 46 28 48 29 106 0 136 41 15 

3 (loads) 516 464 789 514 660 527 0 374 505 371 251 239 

4 (m3) 495 302 302 99 51 51 77 46 46 40 63 59 

5 (loads) 56 28 0 16 52 52 42 45 10 28 71 36 

Primary waste flow 

1

2

3

4

5
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Appendix II: Waste characterization equipment 

Two pictures showing the weighing tools used for the waste characterization.  
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Appendix III: Summarized monthly health reports of Tsumeb municipality 
2012-2013  

Table 22: Summarized monthly health report pt. 1 (Kearns, 2013) 
June 

1.  ABATTOIR: 1.1  ANIMALS 
 SLAUGHTERED 

TOTAL  

   Cattle 48 

 Pigs 1442 

 Sheep  

 Goats  

  

1.4 CONDEMNED 
 FOODSTUFFS 

 

 Liquid  (lt)  636 Lt (549) 

 Tinned  23 Kg (47) 

 Perishable  (kg)  89 Kg (130) 

   

3. CLEANSING House Refuse/ Ash Loads in 
Nomtsoub 

 3519 Drums 

 House Refuse/ Ash Loads in 
Town 

 0 Loads 

 Bags of Refuse removed from 
open areas 

 186 Bags 

 Pushcart – Bags  434 Bags 

 Contractors – Bags  4340 Bags 

 Hospital – Bags  

 Garden Refuse Loads (paid)  65 Loads 

 Pavement G/Refuse Loads  516 Loads 

 Business Refuse Loads  205 Loads 

 Business Refuse Drums  899 Drums 

 Building Rubble Loads  4 Loads 

 Pavement B/Rubble Loads  51 Loads 

 Car Wrecks Removed  

 Waste Oil Removed  800 Lt 

 Grootf. & Oshakati Crossing  Bags 

 Compost Delivered  m3 

 Garden Refuse - Nomtsoub  495 m3 

   

10.   TRUCK LOADS Loads G/R from Parks 56 Loads 

 
Table 23: Summarized monthly health report pt. 2 
July 

1.  ABATTOIR: 1.1  ANIMALS 
 SLAUGHTERED 

TOTAL  

   Cattle 74 

 Pigs 1095 

 Sheep 166 

 Goats  
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1.4 CONDEMNED 
 FOODSTUFFS 

 

 Liquid  (lt)  550 Lt (206) 

 Tinned  30 Kg (62) 

 Perishable  (kg)  92 Kg (299) 

   

3. CLEANSING House Refuse/ Ash Loads in 
Nomtsoub 

 7716 Drums 

 House Refuse/ Ash Loads in 
Town 

 0 Loads 

 Bags of Refuse removed from 
open areas 

 559 Bags 

 Pushcart – Bags  156 Bags 

 Contractors – Bags  4385 Bags 

 Hospital – Bags  

 Garden Refuse Loads (paid)  60 Loads 

 Pavement G/Refuse Loads  464 Loads 

 Business Refuse Loads  251 Loads 

 Business Refuse Drums  584 Drums 

 Building Rubble Loads  3 Loads 

 Pavement B/Rubble Loads  46 Loads 

 Car Wrecks Removed  

 Waste Oil Removed  2280 Lt 

 Grootf. & Oshakati Crossing  Bags 

 Compost Delivered  m3 

 Garden Refuse - Nomtsoub  302 m3 

   

10.   TRUCK LOADS Loads G/R from Parks 28 Loads 

 
Table 24: Summarized monthly health report pt. 3 
August 

1.  ABATTOIR: 1.1  ANIMALS 
 SLAUGHTERED 

TOTAL  

   Cattle 70 

 Pigs 1158 

 Sheep 11 

 Goats  

  

1.4 CONDEMNED 
 FOODSTUFFS 

 

 Liquid  (lt)  215 Lt (274) 

 Tinned  18 Kg (70) 

 Perishable  (kg)  280 Kg (1498) 

   

3. CLEANSING House Refuse/ Ash Loads in 
Nomtsoub 

 5522 Drums 

 House Refuse/ Ash Loads in 
Town 

 0 Loads 

 Bags of Refuse removed from 
open areas 

 456 Bags 
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 Pushcart – Bags  162 Bags 

 Contractors – Bags  4127 Bags 

 Hospital – Bags  

 Garden Refuse Loads (paid)  72 Loads 

 Pavement G/Refuse Loads  789 Loads 

 Business Refuse Loads  104 Loads 

 Business Refuse Drums  924 Drums 

 Building Rubble Loads  1 Loads 

 Pavement B/Rubble Loads  93 Loads 

 Car Wrecks Removed  

 Waste Oil Removed  5040 Lt 

 Grootf. & Oshakati Crossing  Bags 

 Compost Delivered  m3 

 Garden Refuse - Nomtsoub  302 m3 

   

10.   TRUCK LOADS Loads G/R from Parks  Loads 

 
Table 25: Summarized monthly health report pt. 4 
September 

1.  ABATTOIR: 1.1  ANIMALS 
 SLAUGHTERED 

TOTAL  

   Cattle 60 

 Pigs 1188 

 Sheep  

 Goats  

  

1.4 CONDEMNED 
 FOODSTUFFS 

 

 Liquid  (lt)  160 Lt (8) 

 Tinned  10 Kg (25) 

 Perishable  (kg)  95Kg (158) 

   

3. CLEANSING House Refuse/ Ash Loads in 
Nomtsoub 

 6917 Drums 

 House Refuse/ Ash Loads in 
Town 

 0 Loads 

 Bags of Refuse removed from 
open areas 

 489 Bags 

 Pushcart – Bags  171 Bags 

 Contractors – Bags  3236 Bags 

 Hospital – Bags  

 Garden Refuse Loads (paid)  46 Loads 

 Pavement G/Refuse Loads  514 Loads 

 Business Refuse Loads  146 Loads 

 Business Refuse Drums  544Drums 

 Building Rubble Loads  4 Loads 

 Pavement B/Rubble Loads  13 Loads 

 Car Wrecks Removed  

 Waste Oil Removed  1680 Lt 

 Grootf. & Oshakati Crossing  Bags 
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 Compost Delivered  m3 

 Garden Refuse - Nomtsoub  99 m3 

   

10.   TRUCK LOADS Loads G/R from Parks  16 Loads 

 
Table 26: Summarized monthly health report pt. 5 
October 

1.  ABATTOIR: 1.1  ANIMALS 
 SLAUGHTERED 

TOTAL  

   Cattle 94 

 Pigs 1443 

 Sheep  

 Goats  

  

1.4 CONDEMNED 
 FOODSTUFFS 

 

 Liquid  (lt)  329 Lt (468) 

 Tinned  29 Kg (148) 

 Perishable  (kg)  628 Kg (939) 

   

3. CLEANSING House Refuse/ Ash Loads in 
Nomtsoub 

 8602 Drums 

 House Refuse/ Ash Loads in 
Town 

 39 Loads 

 Bags of Refuse removed from 
open areas 

 429 Bags 

 Pushcart – Bags  132 Bags 

 Contractors – Bags  3621Bags 

 Hospital – Bags  

 Garden Refuse Loads (paid)  28 Loads 

 Pavement G/Refuse Loads  660 Loads 

 Business Refuse Loads  223 Loads 

 Business Refuse Drums  1152Drums 

 Building Rubble Loads  4 Loads 

 Pavement B/Rubble Loads  65 Loads 

 Car Wrecks Removed  

 Waste Oil Removed  3150 Lt 

 Grootf. & Oshakati Crossing  Bags 

 Compost Delivered  m3 

 Garden Refuse - Nomtsoub  51 m3 

   

10.   TRUCK LOADS Loads G/R from Parks  52 Loads 

 
Table 27: Summarized monthly health report pt. 6 
November 

1.  ABATTOIR: 1.1  ANIMALS 
 SLAUGHTERED 

TOTAL  

   Cattle 78 

 Pigs 1283 

 Sheep  
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 Goats  

  

1.4 CONDEMNED 
 FOODSTUFFS 

 

 Liquid  (lt)  164 Lt (16) 

 Tinned  12 Kg (26) 

 Perishable  (kg)  457 Kg (109) 

   

3. CLEANSING House Refuse/ Ash Loads in 
Nomtsoub 

 7610 Drums 

 House Refuse/ Ash Loads in 
Town 

 15 Loads 

 Bags of Refuse removed from 
open areas 

 1390 Bags 

 Pushcart – Bags  1306 Bags 

 Contractors – Bags  3955 Bags 

 Hospital – Bags  

 Garden Refuse Loads (paid)  48 Loads 

 Pavement G/Refuse Loads  527 Loads 

 Business Refuse Loads  242 Loads 

 Business Refuse Drums  785 Drums 

 Building Rubble Loads  5 Loads 

 Pavement B/Rubble Loads  48 Loads 

 Car Wrecks Removed  

 Waste Oil Removed  2940 Lt 

 Grootf. & Oshakati Crossing  Bags 

 Compost Delivered  m3 

 Garden Refuse - Nomtsoub  51 m3 

   

10.   TRUCK LOADS Loads G/R from Parks  52 Loads 

 
Table 28: Summarized monthly health report pt. 7 
December 

1.  ABATTOIR: 1.1  ANIMALS 
 SLAUGHTERED 

TOTAL  

   Cattle 79 

 Pigs 1188 

 Sheep  

 Goats  

  

1.4 CONDEMNED 
 FOODSTUFFS 

 

 Liquid  (lt)  370 Lt (115) 

 Tinned  98 Kg (47) 

 Perishable  (kg)  487 Kg (439) 

   

3. CLEANSING House Refuse/ Ash Loads in 
Nomtsoub 

 7418Drums 

 House Refuse/ Ash Loads in 
Town 

 8 Loads 
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 Bags of Refuse removed from 
open areas 

 1403 Bags 

 Pushcart – Bags  1637 Bags 

 Contractors – Bags  4087 Bags 

 Hospital – Bags  

 Garden Refuse Loads (paid)  29 Loads 

 Pavement G/Refuse Loads  0 Loads 

 Business Refuse Loads  167 Loads 

 Business Refuse Drums  214 Drums 

 Building Rubble Loads  6 Loads 

 Pavement B/Rubble Loads  0 Loads 

 Car Wrecks Removed  

 Waste Oil Removed  2100 Lt 

 Grootf. & Oshakati Crossing  Bags 

 Compost Delivered  m3 

 Garden Refuse - Nomtsoub  77 m3 

   

10.   TRUCK LOADS Loads G/R from Parks  42 Loads 

 
Table 29: Summarized monthly health report pt. 8 
January 

1.  ABATTOIR: 1.1  ANIMALS 
 SLAUGHTERED 

TOTAL  

   Cattle 162 

 Pigs 1126 

 Sheep  

 Goats  

  

1.4 CONDEMNED 
 FOODSTUFFS 

 

 Liquid  (lt)  1873 Lt (1785) 

 Tinned  45 Kg (87) 

 Perishable  (kg)  1271 Kg (2123) 

   

3. CLEANSING House Refuse/ Ash Loads in 
Nomtsoub 

 8159 Drums 

 House Refuse/ Ash Loads in 
Town 

 16 Loads 

 Bags of Refuse removed from 
open areas 

 948 Bags 

 Pushcart – Bags  1500 Bags 

 Contractors – Bags  4405 Bags 

 Hospital – Bags  

 Garden Refuse Loads (paid)  106 Loads 

 Pavement G/Refuse Loads  374 Loads 

 Business Refuse Loads  161 Loads 

 Business Refuse Drums  574 Drums 

 Building Rubble Loads  7 Loads 

 Pavement B/Rubble Loads  27 Loads 

 Car Wrecks Removed  
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 Waste Oil Removed  1050 Lt 

 Grootf. & Oshakati Crossing  Bags 

 Compost Delivered  m3 

 Garden Refuse - Nomtsoub  46 m3 

   

10.   TRUCK LOADS Loads G/R from Parks  45 Loads 

 
Table 30: Summarized monthly health report pt. 9 
February 

1.  ABATTOIR: 1.1  ANIMALS 
 SLAUGHTERED 

TOTAL  

   Cattle 124 

 Pigs 1361 

 Sheep 60 

 Goats  

  

1.4 CONDEMNED 
 FOODSTUFFS 

 

 Liquid  (lt)  296 Lt (616) 

 Tinned  20 Kg (47) 

 Perishable  (kg)  2412 Kg (1934) 

   

3. CLEANSING House Refuse/ Ash Loads in 
Nomtsoub 

 7088 Drums 

 House Refuse/ Ash Loads in 
Town 

 16 Loads 

 Bags of Refuse removed from 
open areas 

 670 Bags 

 Pushcart – Bags  1611 Bags 

 Contractors – Bags  4299 Bags 

 Hospital – Bags  

 Garden Refuse Loads (paid)  0 Loads 

 Pavement G/Refuse Loads  505 Loads 

 Business Refuse Loads  210 Loads 

 Business Refuse Drums  842 Drums 

 Building Rubble Loads  0 Loads 

 Pavement B/Rubble Loads  30 Loads 

 Car Wrecks Removed  

 Waste Oil Removed  1050 Lt 

 Grootf. & Oshakati Crossing  Bags 

 Compost Delivered  m3 

 Garden Refuse - Nomtsoub  46 m3 

   

10.   TRUCK LOADS Loads G/R from Parks  10 Loads 

 
Table 31: Summarized monthly health report pt. 10 
March  

1.  ABATTOIR: 1.1  ANIMALS 
 SLAUGHTERED 

TOTAL  

   Cattle 98 
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 Pigs 911 

 Sheep 180 

 Goats  

  

1.4 CONDEMNED 
 FOODSTUFFS 

 

 Liquid  (lt)  237 Lt (148) 

 Tinned  21 Kg (50) 

 Perishable  (kg)  622 Kg (800) 

   

3. CLEANSING House Refuse/ Ash Loads in 
Nomtsoub 

 6768 Drums 

 House Refuse/ Ash Loads in 
Town 

 16 Loads 

 Bags of Refuse removed from 
open areas 

 809 Bags 

 Pushcart – Bags  1846 Bags 

 Contractors – Bags  4180 Bags 

 Hospital – Bags  

 Garden Refuse Loads (paid)  136 Loads 

 Pavement G/Refuse Loads  371 Loads 

 Business Refuse Loads  207 Loads 

 Business Refuse Drums  695 Drums 

 Building Rubble Loads  18 Loads 

 Pavement B/Rubble Loads  34 Loads 

 Car Wrecks Removed 1 

 Waste Oil Removed  2310 Lt 

 Grootf. & Oshakati Crossing  Bags 

 Compost Delivered  m3 

 Garden Refuse - Nomtsoub  40 m3 

   

10.   TRUCK LOADS Loads G/R from Parks  28 Loads 

 
Table 32: Summarized monthly health report pt. 11 
April 

1.  ABATTOIR: 1.1  ANIMALS 
 SLAUGHTERED 

TOTAL  

   Cattle 102 

 Pigs 1586 

 Sheep  

 Goats  

  

1.4 CONDEMNED 
 FOODSTUFFS 

 

 Liquid  (lt)  343 Lt (197) 

 Tinned  14 Kg (29) 

 Perishable  (kg)  286 Kg (526) 

   

3. CLEANSING House Refuse/ Ash Loads in 
Nomtsoub 

 7537 Drums 



Diebels J.P.T                         Organic Waste Management in Developing Countries 

 

45 
 

 House Refuse/ Ash Loads in 
Town 

 24 Loads 

 Bags of Refuse removed from 
open areas 

 1314 Bags 

 Pushcart – Bags  1534 Bags 

 Contractors – Bags  4388 Bags 

 Hospital – Bags  

 Garden Refuse Loads (paid)  41 Loads 

 Pavement G/Refuse Loads  251 Loads 

 Business Refuse Loads  247 Loads 

 Business Refuse Drums  503 Drums 

 Building Rubble Loads  0 Loads 

 Pavement B/Rubble Loads  8 Loads 

 Car Wrecks Removed  0 

 Waste Oil Removed  840 Lt 

 Grootf. & Oshakati Crossing  Bags 

 Compost Delivered  m3 

 Garden Refuse - Nomtsoub  63 m3 

   

10.   TRUCK LOADS Loads G/R from Parks  71 Loads 

 
Table 33: Summarized monthly health report pt. 12 
May 

1.  ABATTOIR: 1.1  ANIMALS 
 SLAUGHTERED 

TOTAL  

   Cattle 83 

 Pigs 1301 

 Sheep  

 Goats  

  

1.4 CONDEMNED 
 FOODSTUFFS 

 

 Liquid  (lt)  556Lt (517) 

 Tinned  1 Kg (3) 

 Perishable  (kg)  784 Kg (1532) 

   

3. CLEANSING House Refuse/ Ash Loads in 
Nomtsoub 

 8348 Drums 

 House Refuse/ Ash Loads in 
Town 

 14 Loads 

 Bags of Refuse removed from 
open areas 

 1371 Bags 

 Pushcart – Bags  1298 Bags 

 Contractors – Bags  3012 Bags 

 Hospital – Bags  

 Garden Refuse Loads (paid) 15 Loads 

 Pavement G/Refuse Loads  239 Loads 

 Business Refuse Loads  240 Loads 

 Business Refuse Drums  801 Drums 

 Building Rubble Loads  5 Loads 
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 Pavement B/Rubble Loads  13 Loads 

 Car Wrecks Removed  0 

 Waste Oil Removed  1680 Lt 

 Grootf. & Oshakati Crossing  Bags 

 Compost Delivered  m3 

 Garden Refuse - Nomtsoub  59 m3 

   

10.   TRUCK LOADS Loads G/R from Parks  36 Loads 

 

  



Diebels J.P.T                         Organic Waste Management in Developing Countries 

 

47 
 

Appendix IV: Sewage sludge drying basins dimensions 

Schematic representation of the sludge drying beds. It was used to keep track of the sludge 
produced during a period of 3 months.  

 

Figure 5: Sewage sludge drying beds (m) 
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Appendix V: Waste samples 

Table 34: Waste sample 1 
 Sample 1  Area Town  

 Date 11-4-2014     

 Grass & 
leaves 

Trimmings 
& prunings 

Branches & 
stumps 

Other (sand, 
stones) 

Household 
waste 

Total 

Total (kg) 178 33 0 760 36 1007 

Fraction 0,18 0,03 0,00 0,75 0,04 1 

Subsamples (kg) 11 18 4  760 9  

 9 10 12   12  

 10 16 11   6  

 12 16 6   9  

 20 9      

 16 8      

 15 8      

 

Table 35: Waste sample 2 
 Sample 2  Area  Town  

 Date 28-4-2014     

 Grass & 
leaves 

Trimmings 
& prunings 

Branches & 
stumps 

Other (sand, 
stones) 

Household 
waste 

Total 

Total (kg) 263 107 93 648 5 1116 

Fraction 0,24 0,10 0,08 0,58 0,00 1 

Subsample (kg) 7 12 19 14 7 8 5 648 5  

 14 11 15 13 8 18 11    

 18 26 11 11 5 14 3    

 17 13 10 9 2 9 5    

 9 10 9 7 4 10 4    

 8 9 10 9 3 6     

 15 13 7 15       

 
Table 36: Waste sample 3 
 Sample 3  Area  Nomtsoub  

 Date 29-4-2014     

 Grass & 
leaves 

Trimmings 
& prunings 

Branches & 
stumps 

Other (sand, 
stones) 

Household 
waste 

Total 

Total (kg) 65 114 180 760 47 1166 

Fraction 0,06 0,10 0,15 0,65 0,04 1,00 

Subsample (kg) 9 10 6 180 760 4  

 11 11 10   12  

 6 20 7   7  

 8 9 11   10  
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 10 9 5   11  

 21 16    3  

 

Table 37: Waste sample 4 
 Sample 4  Area  Town  

 Date 30-4-2014     

 Grass & 
leaves 

Trimmings 
& prunings 

Branches & 
stumps 

Other (sand, 
stones) 

Household 
waste 

Total 

Total (kg) 134 226 10 496 6 872 

Fraction 0,15 0,26 0,01 0,57 0,01 1 

Subsample (kg) 8 12 12 7 7 10 496 6  

 9 14 22 9 5     

 9 12 7 11 6     

 13 10 11 4 11     

 10 9 12 4 6     

 14 14 10 8 5     

   9 8 6     

   6 4 5     

   10 5 11     

   5       

 
Table 38: Waste sample 5 
 Sample 5  Area Town  

 Date 2-5-2014     

 Grass & 
leaves 

Trimmings 
& prunings 

Branches & 
stumps 

Other (sand, 
stones) 

Household 
waste 

Total 

Total (kg) 93 51 8 1862 19 2033 

Fraction 0,05 0,03 0,00 0,92 0,01 1,00 

Subsample (kg) 7 9 8 1862 4  

 8 7   5  

 7 7   7  

 7 6   3  

 14 3     

 13 8     

 8 4     

 13 7     

 10      

 6      
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Appendix VI: Equipment quotations 

 

Figure 6: Equipment quotation pt. 1 
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Figure 7: Equipment quotation pt. 2 
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