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Abstract 

This thesis has been performed in Gaborone, Botswana, where all interviews and relevant 

research data collection took place. The main method of data collection  was a semi-structured 

interviews with relevant parties involved in waste management and generation in Gaborone. 

This work is part of a larger feasibility study called “Gaborone Transfer and Recycling 

Station (GTARS)”. The main objective is to make waste management in Gaborone more 

sustainable, taking environmental, social and economic aspects into account.  

The aim of this master thesis is to investigate the waste flow rates and composition in the 

capital city of Botswana, Gaborone. Taking this into account, other factors which directly 

influence waste generation and composition are identified. The findings show that currently in 

the year 2014, the city of Gaborone is generating about 348 tons of solid waste per day. 

Further investigation showed that illegal dumping is a prominent practice in Gaborone, 

mostly due to the long distance to the landfill and generally low environmental awareness 

amongst the citizens of the city. The waste generation rates are increasing every year, because 

the city of Gaborone is expanding rapidly and economic conditions facilitate the increasing 

urbanization rate. The analysis done till the year 2024 indicate that waste amounts might 

reach up to 433 tons of solid waste generated per day. Waste composition analysis is 

constrained, because of the limited data sources available on this subject, but the analysis 

shows that paper, biodegradable waste and plastics are the main fractions found in the 

municipal waste stream. 

 

Keywords: illegal dumping, material flow analysis, recycling, waste quantities and 

composition  
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1 Introduction 

1.1 Thesis background 

Waste is a substance which the holder is no longer interested in and wants to dispose of (EU, 

1975). It is a toxic substance of its own, whether it is biodegradable, non-biodegradable or 

hazardous waste, the outcome for the environment is crucial (Avfall Sverige 2012). The most 

common way of dealing with waste is landfilling (Eurostat 2011). Nevertheless, a more 

sustainable waste treatment hierarchy should look like this : Reduction → Reuse → Recycle 

and compost → Transformation of waste - to - energy → Landfill (Avfall Sverige 2012). 

Depending on country’s development rate the waste treatment practices vary worldwide. 

Nevertheless, landfilling is seen as the worst waste treatment method and should be avoided 

(Avfall Sverige 2012; Williams 2011; Münster and Meibom 2011; Johnson et al. 2011; 

Bernstad et al. 2011; CEWEP 2012; SEPA 2005; Zaman and Lehmann 2011). Methane, 

carbon dioxide and other greenhouse gasses that form in the landfills, cause global warming 

(especially methane gas which is 25 times stronger compared to carbon dioxide) (Bernstad et 

al. 2011; Zaman and Lehmann 2011; Avfall Sverige 2012). What is more, landfills take space, 

contaminate the ground and the run - off is dangerous for underground waters (Avfall Sverige 

2012; Münster and Meibom 2011; Lehmann 2010). There is a huge issue with non-

biodegradable waste that reach landfills. Electronic waste, glass, metal, construction and 

demolition waste etc. stay there for hundreds of years because of their long decaying cycle, 

thus are buried with no reclamation rate and new ores and materials have to be withdrawn 

from the earth to meet the ever increasing production demand, when if recycled could prevent 

negative consequences for the environment , reduce the amount of materials mined from the 

earth and provide economic benefits (Lehmann 2010). Moreover, waste management and its 

issues are of complex ground, they are relevant all over the world, because contamination and 

results from waste poisoning knows no borders and affect all globally. It is of high importance 

for the developed nations to support developing nations in waste management field, to help 

prevent negative consequences that are occurring.  

Botswana like many developing countries is disposing of its waste in landfills. The recycling 

rates are very low, there is no official recycling policy established in the city of Gaborone yet, 

only private sector, which run business are the only ones who contribute to recycling by 

reclaiming plastic, metals, glass, paper, cardboard and to some extent e-waste (Bolaane 2006). 

Landfilling causes a threat to communities living nearby by polluting soil, underground water, 

attracting rodents and other animals who spread diseases and in general contributes to global 

warming by emitting carbon dioxide and methane into the environment. In addition, economic 

benefits which are of significant importance for the developing country are lost when waste is 

sent to landfill instead of being recycled.   

However, before making changes and improving the waste management network, the 

identification and clear characterization  of the current system is needed as it serves as a 

foundation for further studies. Performing  material flow analysis (MFA) is essential to track 

down and identify the waste flows in the city of Gaborone, also to look deeper into the 

patterns and imbalances within set system boundaries, which could imply the waste 

accumulation and illegal dumping scenario (Vivanco et al. 2012). For this reason, MFA is a 

valuable diagnostic tool and will be applied in this thesis for research purposes. 
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1.2 Overall objective and project goal 

This thesis is part of the ongoing project called: “Gaborone Transfer and Recycling 

Station(GTARS)”. The project is lead by the waste management company VafabMiljö, 

located in the city of Västerås (Sweden). They cooperate with Gaborone City Council (GCC) 

(Botswana) and Linköping University. The length of the project is three years and it was 

officially started in 2013, but cooperation and contacts with relevant officers have been 

established before. 

The overall objective of the project is to achieve a more effective and socially, 

environmentally and economically sustainable waste management in Gaborone, the capital of 

Botswana. A recycling and transfer station will contribute to addressing climate change and 

environmental impact of waste, while creating jobs, strengthening the local economy through 

increased collaboration between the public and private sectors. 

When the project is finished, there is a comprehensive feasibility study for a transfer station 

with sorting and recycling facilities, including design, location and environmental impact as 

well as business and ownership models made. The feasibility study will be so detailed that it 

can be used as a basis for procurement of implementation of the station. 

This is a second thesis of the GTARS project. The first one: “Material flow and stakeholder 

analysis for designing a transfer & recycling station in Gaborone, Botswana” has been done 

by Emil Andersson (2014). His work helped in identifying stakeholders involved in waste 

management in Gaborone and also covered material flows in recycling industry, however the 

main difference is that this thesis is looking deeper into current and future waste flows in the 

entire city and also provides data on composition analysis. There are also other students: 

Therese Nyberg and Charlotte Jensen, who are working on Environmental Impact 

Assessment. As for now, 4 students have been involved in the project, but there is a potential 

for more to come.  

1.3 Aim of the thesis 

The primary aim of this thesis is to investigate the waste generation rate and composition in 

Gaborone, the capital city of Botswana. Daily, yearly waste flows as well as  the future waste 

generation potential is expected to be covered. Taking this into account, other factors which 

influence the waste generation rate should be analyzed. This involves: identification of main 

waste generators, waste treatment options, illegal dumping case, recycling. To sum up, when 

this thesis is finished a comprehensive quantity of daily waste flow generated in Gaborone 

together with composition analysis should be provided and main actors and trends, which 

influence those factors identified.    . 

1.4 Research questions 

The study is carried out by taking the research questions presented below. Each research 

question is connected to the overall aim of the thesis and was thoroughly thought through 

when the different method of how to achieve the desirable outcome was considered. These 

four questions serve as a foundation for the whole thesis and the data gathered with results 

obtained are a part of the greater feasibility study mentioned above.  

 What are the quantities and composition of the waste generated in Gaborone city RQ 1.

today?  

This is the key question of this thesis. When designing a transfer station facility it is important 

to know  the amounts and composition of the waste generated today. This will influence the 

projected capacity of the facility and will help identify which materials should be prioritized 
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for recycling.  

 Who are the largest waste generators in the city of Gaborone, Botswana?  RQ 2.

Identification of main waste generators is another important benchmark to cover the waste 

generation network in Gaborone. When actors are known, other factors, such like the location 

of transfer station, operation and ownership models can be considered. 

 Future waste generation potential, what quantities of waste are expected to be RQ 3.

generated in the future?  

When the current waste flows and main actors  are identified, a future projection and potential 

can be modeled. This is also very important, because it influences the capacity of the 

projected transfer station facility. What is delivered today, could change significantly in the 

future and has to be considered.   

 Which materials should be prioritized for recovery in the transfer station facility, RQ 4.

when looked from economic and environmental perspective? 

The main concept of transfer station is to make waste management more sustainable. It is 

essential to identify the current, available materials and  quantities associated with them, 

which can be recovered, especially evaluating from economic and environmental perspective.  

1.5 Botswana and Gaborone 

Botswana is a landlocked country located in the southern part of Africa. The total area is 

581,730 sq km, population 2,155,784 (CIA 2014). It is a former British colony; Botswana 

gained independence in 1966 and since then was developing rapidly becoming one of the 

most stable economies in Africa (CIA 2014). It is a dry country, about 70 percent of the 

territory is occupied by the Kalahari desert (Embassy of the Republic of Botswana 2014). The 

country has one of the largest known rates of HIV/AIDS infection in the world, but is giving a 

lot of attention to the problem (Kent and Ikgopoleng 2011). 

 

 

Figure 1. Botswana country profile (source: Google Maps 2014) 
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Diamonds are the main source of export and income. They contribute to 70 percent of total 

country’s exports and about 75 percent of income go straight to the state budget(Kent and 

Ikgopoleng 2011). Tourism, cattle raising and farming are other key areas for income and 

survival. The most vital environmental issues are desertification, overgrazing, limited fresh 

water resources. The main languages spoken are Setswana and English. National currency is 

called Pula (BWP) (CIA 2014).  

The capital city is called Gaborone and is located on the south- eastern part of the country, 

15km away from the South African border (CIA 2014). According to Statistics Botswana 

(2011) there are 231,592 residents living in the city. Gaborone is the main city in Botswana, 

where all governmental, financial and other institutions are located. It is a modern city 

referring to African standards, however has many issues (Kent and Ikgopoleng 2011).The 

main source of fresh water is Gaborone dam, which is heavily dependent on rainfall (Embassy 

of the Republic of Botswana 2014). Discharge rate is high due to the pressure of ever 

increasing rate of inhabitants and generally high evaporation level. There have been occasions 

when the dam reached a critical state and was left with only 13% of the total capacity.    

 

 

Figure 2. The capital city of Botswana – Gaborone (source: Google Maps 2014) 

Other major issue which is also applicable to the whole country is power cuts. Data from 

Central Intelligence Agency (2014) state that in 2010 the production rate of electricity was 

429,6 million kWh, while consumption was 3.118 billion kWh. Since Botswana can not 

provide sufficient undisturbed electricity generation the country is highly dependent on 

import, especially from South Africa. Based on my recent experience, when South Africa 

needed electricity for its domestic purposes and could not export it to Botswana there was a 

little mess in the country. The public services could not operate efficiently and there could be 
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felt signs of  stagnancy in the country.. Other issues worth mentioning are: infrastructure 

problems, illegal settlements and especially inefficient domestic waste management sector, 

which will be further covered in more depth in this thesis.  

Currently Botswana has an agenda to meet the millennium development goals. This is a very 

long term based approach and to expect quick results is not appropriate. The main focus is on 

the current problems:  

 

 To eradicate extreme poverty and hunger 

 Achieve universal primary education  

 Promote gender equality and empower women 

 Reduce child mortality 

 Improve maternal health 

 Combat HIV/AIDS, Malaria and other diseases 

 Ensure environmental sustainability 

 Develop a global partnership for development 

As mentioned to see the full spectrum covered will require time, but once the goals are set it 

is easier to know where to focus on and what issues to tackle first (Statistics Botswana 2011). 

1.6 Waste management in Gaborone  

There have been other studies considering waste management in Botswana. A group of 

students from Linköping University visited Botswana in 2011 and the following thesis reports 

were produced: Waste Management in Botswana (LIU-IEI-TEK-A--12/01270--SE), Solid 

Waste Generation and Composition in Gaborone, Botswana – Potential for Resource 

Recovery (LIU-IEI-TEK-A--12/01257--SE) and E-waste management in Botswana (LIU- 

IEI-TEK-A--11/01124--SE). Those theses provided valuable background information and 

were one of the first attempts to look deeper into waste management, generation and 

composition in Botswana, particularly in the capital city Gaborone.  

Taking this into account one should read the above provided references in order to get the 

more thorough picture of the waste situation in Botswana and country profile in general.  

According to the GCC officials waste management is one of the most challenging problems in 

the city. Everyone agrees that urgent attention has to be shown towards waste management, 

but the problem is that most of the officers do not have the necessary skills and training in 

how to deal with waste management (Bolaane 2006; Simon 2011).  

The general structure is that GCC provides waste management services in the city. Up till the 

year 2010 GCC had responsibility to provide waste management services to all sectors: 

commercial, industrial and household, but since June 2010, they decided to focus solely on 

household waste refuse collection (Simon 2011). Other sectors like mentioned above: 

commercial and industrial are managed by private companies. The biggest waste management 

company in Gaborone is called Skip Hire, established in 1989. It has over 450 clients residing 

both in Gaborone city and surroundings and has the total fleet of 24 vehicles (Simon 2011).  

Other main waste carriers in the city of Gaborone are: Cleaning Wizards, Leaf Environmental 

Solutions, Clean Cities&Towns, Landscape solutions, Daisy Loo.  

Waste collected is transferred to Gamodubu landfill- the end treatment point. However, due to 

long distance to the landfill (35 km one way) illegal dumping is dominant in Gaborone city 

and its surroundings (Simon 2011; Centre for Applied Research 2013).  
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In addition, there are many recycling companies, which collect recyclable material in the city 

and landfill sites, compress, bale it and transport to South Africa or Zimbabwe for further 

recycling as domestic recycling facilities are very limited in Gaborone. . The main recycling 

companies are: Recycle –It, Dumatau, Simply Recycle, Collect –A-Can., Wasteage. What is 

more, an environmental non-governmental organization (NGO) called Somarelang Tikologo 

is also contributing to tidiness in the city by collecting glass material.  

1.7 Thesis outline 

The first chapter is dedicated for the introduction and explains a background information 

together with the aim and objectives of this thesis. Chapter 2 is devoted for the theoretical 

framework to introduce the reader with main concepts applied in this work, which are further 

used in discussion section. Chapter 3 introduces the methodology used to gather the data and 

provides overview on what method was used for each research question.. Chapter 4 covers the 

results and analysis of the data gathered. The sections include: waste quantities and 

composition analysis, illegal dumping, future waste trends, main waste generators and 

recycling practices in the city of Gaborone. Chapter 5 is a critical discussion on results 

obtained, providing strengths and weaknesses and the areas where results could be improved. 

Finally, Chapter 6 gives concluding remarks and summarizes the results obtained in this 

thesis.  
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2 Theoretical background 

Theoretical framework is used to introduce the reader with concepts applied in the thesis. A 

short introduction to material flow analysis brings a more detailed notion on why this concept 

is important and how can it help when analyzing waste flows and composition. Another 

chapter covering future waste trends shows on what aspects to focus on when projecting 

future waste generation potential. Environmental impact of various waste sources ending at 

landfill is used to emphasize their impact on environment, also to show the recycling benefits 

for comparison. Materials chosen for analysis were stimulated by the study done by  Bolaane 

and Ali (2005), where paper and cardboard, plastic, glass and metals were indicated as 

materials having the highest recycling potential in Gaborone. A “Zero waste” concept is 

presented to inform about sustainable waste management practices, which could be 

implemented in the future and is reflected in discussion part.  

 

2.1 Material flow analysis 

Material flow analysis also known as (MFA) is an interrelationship between the economy and 

the environment and helps to assess their dynamics (Hinterberger et al. 2003). Raw materials 

are extracted from natural system and manufactured into products, which later are embodied 

in the system as waste and emissions. Raw materials can be further defined as abiotic and 

biotic (Hinterberger et al.2003). Abiotic cover: ores, minerals, fossil energy, while biotic: 

wood, cork, rubber, fibres and food.  

Generally, MFA is an accounting system that investigates the mass balances in the system, 

with a major focus on inputs and outputs. Inputs are the extracted raw materials in the system 

plus imports, outputs are consumption of products in a system boundary, exports, 

accumulation, waste (Sustainable Scale 2003). To measure the sustainability of the system 

material throughput has to be analyzed. It takes into account all materials and energy used in 

production and consumption patterns, even the hidden flows, which are sometimes hard to 

define (Sustainable Scale 2003).  

MFA can be used in waste management as a framework for modelling elemental composition 

of waste and to evaluate material management performances in recycling sector (Kurdve et 

al.2014). In addition, waste and quantities of waste produced within a system is a major issue 

of MFA analysis as accumulated waste quantities indicate the unsustainable material 

throughput cycle and imply a necessity for remediation of such a system (Hinterberger et al. 

2003).  

MFA is an effective tool for diagnostic purposes, to provide the overview of the system 

dynamics and its imbalances. It is a valuable tool for decision makers to help on long and 

short term planning and is a tool which used in combination with other models contributes to 

sustainable development (Sustainable Scale 2003). 

 

2.2 Future waste modelling  

There are four major waste generation drivers: economic growth, population growth, 

urbanization rate and consumption patterns (Centre for Applied Research 2013). The first two 

economic growth and population growth are measurable and usually there is no huge troubles 



10 

finding the relevant statistics, but tendencies related to urbanization rate and consumption 

patterns are of a different kind (Gibbs 1966). To measure urbanization rate one needs precise 

statistic details on population and development. When referring to a city boundary, how has it 

shifted throughout time, what area has a city claimed in a certain time period and what is an 

actual population increase during that time. These are the hard measurements to find 

especially in the developing countries (Gibbs 1966). Consumption patterns are generally 

driven by economic growth, but in order to depict a thorough picture there is a need for an 

input of information from various sources, such like: import of commodities, development of 

shopping and retail stores and their turnovers, local production and industry levels, amounts 

and composition of waste (UNEP 2012; Lehmann 2010).  

According to Daskalopoulos et al. (1998) the main parameters affecting total annual waste 

generation rate are population and living standards of the country. Further, the living 

standards could be identified by comparing gross domestic product (GDP) and total consumer 

expenditure (TCE) rates. TCE is an actual amount of money spent on consumer goods 

annually, but the weakness of this measurement is that it is only available for very few 

countries (Daskalopoulos et al. 1998). Consumption patterns and factors influencing 

consumer behavior stated in Daskalopoulos et al. (1998) are culture, social groups, family, 

personal influences, convenience factor, marketing policy. As mentioned, to evaluate 

consumption patterns is a work requiring tremendous effort, because of the various 

parameters involved and the changing social-cultural conditions depending on the country.  

When modeling future waste generation rate it is important to refer to country’s development 

level as forecasts might vary significantly. Per capita waste generation rate is one of the 

factors indicating the development state of the country. In most cases, the more waste a 

country is producing the more developed it is, however it is not always the case. Troschinetz 

and Mihelcic (2009) indicate that the lowest per capita waste produced is in Bhutan 0.3 kg per 

day, Botswana is generating 0.33 kg per person per day. To compare with developed nations: 

USA is generating 2.08 kg of solid waste per capita per day, while European Union 1.51 kg. 

Interestingly, the developing nations Maldives and Thailand are generating 2.48 and 1.443 kg 

of solid waste per capita per day respectively and are showing close waste generation results 

and in case of Maldives even exceeding developed nations (Troschinetz and Mihelcic 2009). 

Nevertheless, the waste generated in developed countries is treated differently compared to 

developing nation practices and even further differences occur when one is attempting to 

forecast waste generation rates in the near future as different assumptions have to be taken 

into account. Östblom et al. (2010) suggests that when projecting future waste generation 

scenario for Sweden a decoupling of waste generation rate and GDP should be made. The 

waste quantities should be expected to increase at a lower rate compared to GDP growth. This 

division is applicable to most developed nations, because of their policy tendencies towards 

waste reduction. For instance, Swedish model on constant increase in landfilling tax and ban 

on organic waste to landfill led to innovative solutions of how to utilize waste as a resource 

and prevent environmental issues (Avfall Sverige 2012). In addition, education and strong 

emphasis on recycling and waste prevention gives benefits. Waste only becomes waste when 

it ends up in a landfill, if there is a diversion on the way, where waste could give benefits (e.g. 

converted to fuel, used for energy etc.) it becomes a resource (Avfall Sverige 2012; Zaman 

and Lehmann 2011).  
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2.3 Environmental impacts of waste ending at landfill 

Landfill is receiving a mixed variety of waste. To cover all streams is a very demanding 

research, thus this part of the thesis will focus on environmental impacts of main materials 

found in waste streams: plastic, glass, paper and cardboard, metals. This is to present up to 

date findings and raise the awareness of why it is important to divert those waste streams from 

ending up at the landfill disposal site.  

2.3.1 Plastic waste  

The worldwide trend shows that plastic waste is increasing rapidly (Rigamonti et al. 2014). 

This is of high concern as plastic is mostly made from non-renewable sources (petroleum, 

coal) and increased rates mean that more fossil fuel is being mined from Earth (Victor 2013). 

The biodegradable plastic made from cellulose and hemp compounds is just on early 

development stage and there is time needed for them to replace plastic made from fossil fuels.  

Plastic is a light, strong, durable material with tensile, tear and impact resistant properties and 

those qualities make this material easily adaptable in any industry (Victor 2013). Furthermore, 

it is cheap and has a long life cycle. There are 7 major plastic types: Polyethylene 

Terephthalate (PET or PETE), High Density Polyethylene (HDPE), Polyvinyl Chloride 

(PVC), Low Density Polyethylene (LDPE), Polypropylene (PP), Polystyrene (PS) and others. 

Plastic decaying cycle is from 200-500 years depending on the type of plastic (American 

Chemistry Council 2014). According to Victor (2013), about 100 million tons of plastic is 

being produced in the world with an annual increase of 9% every year. This leaves the 

implication that more of the waste ends at disposal sites unless properly source separated and 

recycled.  

Plastic is a hazardous substance which pollutes land, air and water (American Chemistry 

Council 2014). Due to its long decaying cycle it takes up space in the landfill, dissolved 

particles pollute soil and underground water sources. Plastic can be ingested by wildlife and 

be the cause of death or injuries, also could pose a threat to human food chain. Toxic 

elements: benzene, vinyl chloride, xylems and bisphenol A found in plastics are regarded as 

carcinogens and should be avoided to prevent poisoning (Victor 2013). 

It is estimated that recycling 1 ton of plastic would save about 22.9 cubic meters of landfill 

space, 16.3 barrels of oil, also it saves equivalent amount of energy of which a household of 

two persons would use in a year (EPA Reusable News 2000).  

2.3.2 Glass 

Glass is another non-biodegradable substance found in the landfills worldwide. It is estimated 

that it takes millions of years for a glass bottle to decompose when discarded, but it is a 

material which is 100 % recyclable and can be recycled endlessly without loss of its primary 

quality (Glass packaging institute 2013; Dyer 2014). The main components of glass are silica 

sand and limestone, which are abundant in the Earth’s crust and scarcity is not a threat, 

however this should not impose that recycling of glass is not as important as compared to 

other materials (Dyer 2014).  

Glass is an inert and chemically unreactive material under normal conditions and its threat to 

the environment is limited. Nonetheless, it is a valuable resource and disposing of it in a 

landfill is a wasteful practice, which occupies unnecessary space in the landfill (Dyer 2014). 

The only applicable health hazard to human health could be injuring from glass slivers, when 

bottles or jars are broken. This is applicable in both, the city boundaries of where residents 

can be affected and landfill premises where scavengers are recovering recyclable material.  
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One ton of recycled glass saves 42 Kwh of energy, 3.4 kg of air pollutants from being 

released into the atmosphere, and 1.5 cubic meters of landfill space (EPA Reusable News 

2000).  

2.3.3 Paper and cardboard  

When it comes to recycling, paper and cardboard are one of the most simple materials to 

recycle and save the trees of which ecosystems are highly dependent upon (Sita 2014). Paper 

and cardboard consumption is increasing. In the United States of America annual paper 

consumption rate per capita is equal to 229 kg, while in Africa only 7.5 kg. As seen, paper 

consumption patterns vary depending on the region, but the worldwide average is estimated to 

be 54.7 kg per capita per annum (Dyer 2014).  

Paper and cardboard is a non-toxic substance. Depending on the product type, the lifecycle 

vary. Newsprint decompose in 1-3 months, paper towel – in about 3 weeks. The average 

decomposition cycle for paper and cardboard depending on the landfill conditions could be 2-

6 years, but these findings should be critically examined as there are cases where paper and 

cardboard products have been recovered even after 15 years or more, when buried at the 

landfill site (Ximenes 2009). In modern landfills, with air tight settings, anaerobic conditions 

are achieved and paper and cardboard decaying cycle is prolonged in this kind of environment 

(Friends of print and paper 2014).  

Interestingly, when discarded, paper and cardboard at the landfill emit only 30% of 

greenhouse gases. Other portion is secured at the landfill, thus serving as a carbon sink 

(Micales and Skog 1996).  

If recycled materials are being used when making paper, 99 percent less water and 50 percent 

less energy is used compared to producing from raw materials (Sita 2014). One ton of 

recycled newsprint saves 601 Kwh of energy, 1.7 barrels of oil, 26.5 cubic meters of water, 

and 3.5 cubic meters of landfill space. One ton of recycled office paper saves 4.1 MWh of 

energy, 9 barrels of oil, 26.5 cubic meters of water, and 2.5 cubic meters of landfill space 

(EPA Reusable News 2000). It is also estimated, when one ton of paper is recycled – 13 trees 

are saved (Cleanup 2009).  

2.3.4 Metals 

As the demand and price for metals grow rapidly, alternative extraction routes have to be 

developed. Recycling is one of the ultimate alternatives for cheaper metal production, hence 

reducing the burden on the environment (Björkman and Samuelsson 2014).  

The most common metals found in the waste streams are steel and aluminum. Steel, however, 

occupies the largest quantity of metals found in municipal waste streams (EPA 2014). 

Aluminum is mainly used for beverage packing and its quantities are increasing. In addition, 

aluminum can be recycled endlessly without losing inherent properties. This fact makes it a 

perfect recyclable material and many companies prioritize its recycling (EPA 2014). When 

manufacturers use recycled aluminum cans, they reach astounding 95 percent energy 

reduction, compared to manufacturing from bauxite (EPA Reusable News 2000).  

When metals are mined from the Erath’s crust, only a small portion of the obtained material is 

the desirable metal compound, other substances are mining waste, known as tailings (Gosar 

2004). Mining poses a great threat to the environment, especially to natural habitat. It alters 

the ecology of the rivers, evokes land degradation and other factors. Pollutants from mining 

industry contaminate rivers and groundwater, affect soil and release emissions into the 

atmosphere. What is more, abandoned mines are a ticking time - bomb, because the natural 
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conditions of the Earth crust have been modified and the weathering process continues long 

after the mining operations have been stopped (Gosar 2004).   

Aluminum and steel decaying cycles are very long. When discarded, it takes up to 500 years 

for aluminum and steel cans to decompose at the landfill (EPA 2014). It also depends on the 

thickness of material, the thicker the longer it will take to decompose. This is especially 

applicable to steel. It covers with an outer rust layer, which flakes slowly and the inner core is 

not affected. Since it is a non-biodegradable material and no bacteria is consuming it, the 

decomposition cycle is defined by weathering process (EPA 2014).  

Steel – One ton of recycled steel saves 642 Kwh of energy, 1.8 barrels of oil, and 3 cubic 

meters of landfill space.  

Aluminum – One ton of recycled aluminum saves 14 MWh of energy, 40 barrels of oil, 7.5 

cubic meters of landfill space. 

 

2.4 A “Zero Waste” concept 

“Zero waste” practice is a holistic - systematic approach, where a concept of “waste” is 

redefined. The main idea is that no waste reaches landfills, every type of waste is reused, 

recycled, composted to reduce the environmental burden (Zaman and Lehmann 2011). A 

special focus is centered on product development and redevelopment upstream, because poor 

design means problems downstream. The idea is to be highly conscious and always consider 

the life cycle approach when designing particular products. Extended producer’s 

responsibility is highly prioritized and is seen as a plausible step towards reducing waste 

generation patterns. Nowadays, the common practice is that economic conditions are the 

driver of product development. The cheaper one can produce something and the bigger profits 

they obtain – the better, neglecting the environmental impact, when product is discarded and 

other hazards as well (Lehmann 2010). 

“Zero waste” practice looks at the waste from a different perspective; it is treated as a 

resource, which can be diverted to produce other valuable goods to the society. This 

perception varies significantly depending on the country and its development status. In 

developing world, with many struggles and issues, there is yet not enough available attention, 

education and capacity to implement the “Zero waste” network and for it to work effectively, 

while in developed world, the situation is different. There is a higher consciousness of waste 

and how to deal with it. The common practices of where organic waste is being separated at 

source and when biogas is produced or where one substance becomes waste for one sector 

and raw material for other (wood chips and other organics to produce fertilizers etc.) show a 

huge gap between different regions of the world (Avfall Sverige 2012; Zaman and Lehmann 

2011).  

What is more, incineration is not perceived as a sustainable waste management practice. 

“Zero waste” supporters claim, that it destroys resources and produces hazardous – toxic 

substances as fly and bottom ashes (Lehmann 2010). Materials, which are incinerated have to 

be mined from earth again, when could be recycled and reused, forming a closed loop flow in 

the system (Zaman and Lehmann 2011). However, not all materials are suitable for 

incineration. For instance, metals and glass have no energy value for waste incineration 

plants, but some portion of those materials end up at the incineration plant anyway, due to the 

fact that no one can guarantee a perfect source separation rate at source or at the incineration 

plant premises (Lehmann 2010).  
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For a “Zero waste” practice to work, all the efforts have to be concentrated on education, 

raising the consciousness and redefining old-fashioned definition of “waste”. This applies to 

all sectors in society: from regular daily workers to policy makers, but the most fruitful effect 

can be achieved when taught at school, so that children could grow up with this concept and a 

different perception. 
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3 Method 

Preparation for the study data collection was started in Sweden. The state of the art academic 

articles, reports and theses were analyzed to get the better understanding of waste generation 

and management situation in Gaborone. The most significant input was received while 

reading the three studies already mentioned above in the introduction part and another recent 

study made for the GTARS project by Emil Andersson (2014). When background information 

was studied, four main research questions were formulated. Various research methods have 

been used when collecting and analyzing data for this thesis. 

Method part is split into two sections: methods used for data collection, which indicate what 

was the original, planned approach to answer the research questions and actual, altered 

methods used for data analysis and interpretation, when data was already collected for 

analysis.  

3.1 Methods used for data collection  

Research methodology was formed to answer four research questions indicated in the 

introduction part. In order to do this, stakeholders, policymakers and other parties involved in 

waste generation and management in Gaborone were identified. The parties are listed in the 

table 1 below and all made an input into making of this thesis. Some were interviewed in 

person, others, who could not meet for interview, responded to electronic questionnaire. 

While preparing the methodology, identified parties involved in waste generation and 

management in Gaborone were further classified into the following categories: waste 

collectors, recyclers, waste generators, policy makers, environmental advisors.  

A common method used for all research questions is a semi-structured interview. All 

identified parties, which were interviewed were inquired to provide answers to formulated 

research questions used in this thesis. The objective of asked questions was to get the 

desirable data on waste generation rates, composition, main waste generators, insights on 

future waste projections and if applicable the status of current recyclable materials, which 

companies are interested in today and in foreseeable future. Moreover, when the actual 

interviews took place and respondents provided answers to asked questions, it was an open 

area for interpretation and various unplanned, but relevant questions for this research were 

developed.   

More detailed reflection on methods used to collect information for each research question is 

presented  below. 

3.1.1 Method used for the first research question  

RQ1. What are the quantities and composition of the waste generated in Gaborone city today?  

Before collecting data for this research question  waste generation stream in Gaborone was 

divided into subcategories: household, commercial, industrial and other. It was already known 

that household waste collection is serviced by GCC (K)

, commercial and other streams are 

serviced by private waste collectors (A,B,C,D). KBL brewery (H) was identified as the main 

industry in Gaborone and it was expected to gather valuable research information for both 

parts ( waste generation and composition) of  this question, when having a semi-structured 

                                                 

 for index explanation  see table 1 below 
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interviews with mentioned parties. The intent was to get the data on waste generation and 

composition rates, which cover all four stratums as indicated.  

Firstly, the decision was to have a meeting with a Gamodubu landfill personnel and get the 

logbooks of the treated waste streams, to analyze them and come up with a quantity of 

officially treated waste stream. It was also expected to get some information on waste 

composition. Other sources, containing valuable information on waste generation: academic 

articles, Department of Waste Management and Pollution Control were thought to be 

considered and analyzed to provide a thorough picture on waste generation potential from all 

available sources, further put them into comparison and considering limitations and other 

insights distinguish the most realistic waste generation and composition rates for the city of 

Gaborone.   

3.1.2 Method used for the second research question  

RQ2. Who are the largest waste generators in the city of Gaborone, Botswana?  

To investigate this question, the same waste segregation model like in research question 

number one was applied. For household waste stream the title already implied what was the 

main generator for this category, for industrial – the main industry in Gaborone was identified 

when reading the relevant literature. Referring to commercial waste stream, a large waste 

generator was already indicated by Emil Andersson (2014) in his work. It was also expected 

and the research approach was kept open for new insights on identifying main waste 

generators, when the interviews with participants listed in table 1 took place. 

3.1.3 Method used for the third research question 

RQ3. Future waste generation potential, what quantities of waste are expected to be generated 

in the future?  

For future waste trends, the insights particularly from policymakers (L) and governing 

institution (K) were expected to be of greatest value. Moreover, environmental consultants 

(N), environmental NGO (M) together with waste carriers(A,B,C,D) and recyclers (I,J) were 

assumed  to provide valuable input material for this question when interviews were 

conducted.  

3.1.4 Method used for the fourth research question  

RQ4. Which materials should be prioritized for recovery in the transfer station facility, when 

looked from economic and environmental perspective? 

This research question was specifically focused on recycling companies. Their insights into 

the current situation and material prioritization was assumed to provide answers to the 

economic part of this question, while the notion of environmental impact of the generated 

waste was thought to be developed when reading the relevant academic literature on this 

subject and then listing the priorities depending on the results found in there.  

3.2 Methods used for data analysis  

In most of the cases referring to Botswana there is absence of data or it is outdated (A,E,N,L). 

However, there are methods to estimate at least approximate amounts of flows and come up 

with a result of how much waste is expected to be generated throughout the year and what 

input could a waste transfer station expect daily. In addition, the estimation methods adopted 

in this thesis are providing as comprehensive and accurate data on waste quantities as 

possible. To obtain this, data input from interviewed parties indicated in the table 1 below and 
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other scientific articles and master theses are used. Results are structured to firstly analyze the 

collected data on waste generation flows, using various relevant sources of information 

available. This is done to avoid the collision between the waste generation and treatment 

analysis. The variety of resources is beneficial for comparison and in determining the most 

realistic waste generation rate. After this, the officially treated waste flows at Gamodubu 

landfill are investigated, using logbooks, which were received in an interview meeting. 

Notable is the fact that treated waste flow does not necessarily represent a reliable waste 

generation rate, as not all of the waste generated is collected in the city of Gaborone, however 

the number of officially treated waste flow is a benchmark for identifying the most realistic 

waste generation rate.  

Further, waste composition analysis is done using two studies on waste composition in 

Gaborone. Other parts of the results section cover illegal dumping case, main waste 

generators, future waste trends and recycling practice in Gaborone.  

More detailed reflection on methods used, when presenting results for this thesis are discussed 

in chapters below.  

3.2.1 Method used for waste quantities analysis  

Waste quantities analysis is done by analyzing the various sources of waste generation 

available. Most of the data sources were gathered from interviewees, when interviews took 

place and valuable information for this research was shared.  

However, some assumptions have been made in order to provide a more comprehensive 

analysis and to use the most up to date data as possible. Population statistics is only available 

for the years 2001 and 2011 and in order to calculate population increase in between those 

years, a simplified, linear development trend, which assumes that population growth followed 

the average trend and approximately the same amount of residents were added to the years 

starting from 2001 till 2011 to meet the official 2011 statistics data. This is done in order to 

make more valid predictions of waste generated.  

Other assumptions were used, when officially treated waste flows at Gamodubu landfill were 

analyzed. Due to data gaps in official logbooks, in some parts of analysis an assumption was 

used, that waste generation trend for the second year period followed the same trend as for the 

first and the calculations of yearly average rate were added to some months, where data was 

missing. This again was done to make calculations more reliable, though not totally 

eliminating the ambiguity, as the real trends might have been different.   

3.2.2 Method used for waste composition analysis 

Waste composition analysis is based on two studies on waste composition done in Gaborone. 

The waste composition percentile results of those studies are applied to daily waste generation 

number and to officially treated waste number indicated for the city of Gaborone. This is done 

to depict the primarily composition and associated quantities of materials found in municipal 

solid waste stream. Further analysis is done to compare the results of those two studies and 

conclusions are provided.  

3.2.3 Method used for identifying main waste generators  

Main waste generators were identified using the data input from interviews, observations and 

academic literature analysis. The focus was on  main waste generators for 4 different 

stratums: household, commercial, industrial and other. Moreover, the emerging other two 

sources of waste generation: clinical and construction are studied.  
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3.2.4 Method used for future waste projection  

Perspective on future waste generation potential is presented using data input gathered from 

interviews. Different scenarios are analyzed and a ten year waste generation projection is 

made. In addition, an optimistic – low waste increase future scenario is presented to give a 

different notion on future waste generation perspectives. 

3.2.5 Method used for analyzing recycling in Gaborone  

Recycling part presents a perspective gathered from  interviews and when academic literature 

was analyzed. The main idea is to describe the current situation and identify the areas of 

opportunity, where this practice could be enhanced. This part is also enhanced with identified 

daily  material flows in recycling companies in Gaborone. 

 

When writing results, discussion and conclusion parts, critical, on ground observations, 

gathered when the time was spent conducting research in Gaborone are used.  

The table below represents the main, officially interviewed parties:  

 

Table 1. List of organizations, which have been interviewed or contacted for research 

purposes.  

Name of organization Identification Relation to research 
Form of data 

collection 

Leaf environmental solutions A Waste carrier Interview 

Skip Hire B Waste carrier Interview 

Cleaning Wizards C Waste carrier Interview 

Clean Cities&Towns D Waste carrier Interview 

Gamodubu landfill E 
Official waste 

disposal site 
Interview 

Pilane landfill F 
Official waste 

disposal site 
Interview 

University of Botswana G Waste generation Interview 

Kgalagadi breweries H Waste generation Interview 

Recycle - It I Recycling company Interview 

Dumatau J Recycling company 
Electronic 

questionnaire  

Gaborone City Council K 
Governing 

institution 
Interview 

Department of Waste 

Management and Pollution 

Control 

L Policy maker Interview 

Somarelang Tikologo M 
Environmental 

NGO 
Interview 

Kagisano Innovations N 
Environmental 

consulting 
Interview 

 

Identification code is used throughout the thesis to reference the according organization.  

  



19 

4 Results 

4.1 Waste quantities 

The first part of the results section covers a study on waste quantities analysis.  

4.1.1 Waste generation rate analysis using collected data from Department of Waste 

Management and Pollution Control  

In the year 2008, DWMPC working under the Ministry of Environment, Wildlife and 

Tourism opened a tender for the design, construction and operation of a waste transfer station 

(L). They issued a compilation of documents explaining the thorough process, the goal, 

requirements and other criteria for interested parties. It was a clear navigation through the 

project and what was expected from participants. In the section of scope of work, the 

background information was provided. The projected transfer station was expected to receive 

the waste from 3 districts: Kweneng, Tlokweng, Gaborone (see figure 3). Furthermore, the 

approximate amounts of waste generated in those districts were provided. According to 2004 

year data the city of Gaborone was generating 405 tons of solid waste per day. Kweneng 

district 32 tons/day, Tlokweng – 10 tons/day. The population figures were taken from 2001 

statistics. The numbers included: the total population of the city of Gaborone at that time was 

about 186.000 persons. Tlokweng district had 22.000, Kweneng district had population of 

230.300 people living in major villages in the district: Molepolole, Mogoditshane, 

Metsimotlhabe, Gabane, Thamaga and exceeded the population of Gaborone. What is more, 

this should imply that the higher population figures should influence waste generation figures. 

However, the Gamodubu landfill was being built in the Kweneng district at that time, and 

most of the waste was planned to be outsourced there, but still taking into account the 

potential of 32 tons of solid waste reaching transfer station from nearest proximities within 

Kweneng district (DWMPC 2008).  

 

Figure 3. Districts and major settlements in Botswana (source: Citypopulation 2014) 
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The above statements suggest that there can be two approaches in waste flows made. One 

taking only Gaborone city into account, second considering the inflows from nearest districts 

(e.g. Tlokweng and Kweneng). Troscinetz and Mihelcic( 2009) state, that population growth 

is one of the main factors influencing waste generation rate in developing countries and 

should be definitely used when determining waste generation flows. When looked at the latest 

statistics on population levels in Botswana available are from the year 2011. At that time the 

number of people living in Gaborone was about 231.600, Kweneng district – 304.500, 

Tlokweng – 36.300 (Statistics Botswana 2011).  

What is more, when projecting waste generation other factors such like economic growth and 

GPD per capita levels, urbanization rate should be taken into account (Troschinetz and 

Mihelcic 2009; Kgosiesele and Zhaohui 2010). Growing GDP levels and increase in 

population result in increased consumption, thus more waste generated (Troschinetz and 

Mihelcic 2009). This is not with 100 percent accuracy, but efforts to make the best of existing 

data need to be taken. The only  population figures available are from the years 2001 and 

2011 respectively and this could be used to make calculations of what is the yearly population 

increase in all the districts. In 2001 the population of Gaborone was 186.000, in 2011 – 

231.600. The average yearly growth is at a rate of 4600 persons/year. Following the 

simplified trend in the year 2014 the city of Gaborone should have the population of 

approximately 245.400 persons, in the year 2004 the city had about 200.000 persons. 

Calculating the proportion:  

405 t/day (2004) – 200.000 persons (2004) 

X t/day (2014) – 245.400 persons (2014) 

The result X = 496.9  500 tons of solid waste generated per day.  

The same calculations are made for the Kweneng and Tlokweng districts. The average yearly 

population growth rate in Kweneng district is 7420 persons/year. The population rate in the 

year 2004 was 252.600 persons, in the year 2014 – 326.800 persons. The equivalent 

proportion results in:  

32 t/day (2004) – 252.600 persons (2004) 

X t/day (2014) – 326.800 persons (2014)  

X = 41.4  40 tons of solid waste per day generated from Kweneng district reaching transfer 
station.  

The amount coming from Tlokweng district is calculated accordingly. Average population 

growth in the region is 1430 persons/year. The population rate in the year 2004 in the 

Tlokweng district was 26.300 persons, in 2014 – 40.600 persons. The amount of waste 

generated daily is calculated from the proportion: 

10 t/day (2004) - 26.300 persons (2004) 

X t/day (2014) – 40.600 persons (2014)  

X = 15.4  15 tons/day.  

The total amount generated from all three districts and expected to reach transfer station is: 

500 t/day from Gaborone + 40 t/day from Kweneng district + 15 t/day from Tlokweng district 

= 555 t/day.  
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Referring to economic conditions, Statistics of Botswana (2011) latest available report 

indicates that GDP per capita levels have been increasing, except the year 2009, when the real 

GDP growth rate was negative. The following data shows of actual GDP growth rate, the 

number in brackets indicates the growth rate in percentages: 2008 (2.9%), 2009 (- 4.8%), 

2010 (7.0%), 2011(5.7%). As shown, the GDP data supports the increasing economic growth 

trend in Botswana, which leads to increased consumption rates and as a result more waste 

generated.  

In addition, urbanization rate is increasing constantly. Gaborone is expanding rapidly and this 

also contributes to increased solid waste generation rates (Gwebu 2003; Shabane et al. 2011). 

4.1.2 Waste generation rate analysis using data input  from Japanese feasibility study  

Japanese researchers have made two feasibility studies in Gaborone. One was released in 

2009, other in 2013. Waste flows from the 2009 report were calculated using the data 

gathered from the old landfill, which was still being used at that time in the city. The more 

recent report provides a more comprehensive picture of waste situation and could be used as a 

source to analyze waste flows in this thesis.  

According to the study prepared by The Center of Applied Research (2013) the annual waste 

generation in the city of Gaborone varies from 125 000 to 200 000 tons. The average flow is 

162 500 t/year and equals to 445 t/day. The Tlokweng district is generating around 32 000 

t/year, which equals to 88 t/day. When added together, the total flow equals to 533 t/day. 

4.1.3 Waste generation rate analysis using  academic article data 

Benjamin Bolaane and Mansoor Ali (2004) conducted a waste research in Gaborone and were 

analyzing household and commercial waste streams. Their main focus was recycling and to 

cover the existing recycling policy and to look forward into opportunities and challenges for 

the more advanced recycling and waste separation practices in the city of Gaborone. Both 

authors calculated per capita waste generation rate for household and commercial waste 

streams, which equals 0.40 kg/day. However, the data is from the year 2004 and current 

conditions might have changed significantly, but this is the only available data on solid waste 

generation per capita per day from the city of Gaborone.  

If  assumed that the current population of the city of Gaborone is 245.400 persons and the 

average waste generation rate per capita is 0.40 kg/day, a result of 98 tons of waste/day is 

derived . The 0.40 kg/day is only applicable to the city of Gaborone. This number can not be 

used to calculate the amounts of waste coming from Tlokweng and Kweneng districts. The 

studies of per capita waste generation in those districts have not been found or do not exist. 

However, as the official documents from the 2008 transfer station tender imply, some flows 

from those districts should be taken into account as those flows are expected to reach the 

transfer station facility in Gaborone and be treated in there (DWMPC2008).  

4.1.4 Waste generation rate analysis using data from Linköping University master 

student thesis 

Students from Linköping university: Wisdom Kanda, Mesfin Taye, Kumar Nagabooshnam, 

Shashidhar Suresh and Vinodhkumar Vijayakumar have been conducting a research about 

waste management, waste composition and waste generation in Gaborone, Botswana in the 

year 2011. Their findings should be used for waste quantities and generation rate analysis as 

they made a comprehensive research, even sorting waste by hand at the Gamodubu landfill 

and results from their finding might serve as a valuable input to this thesis.  
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Their findings represent the average annual waste generation rate of 49.600 tons/year. This 

includes household, commercial, industrial and other waste streams. Calculated daily 

generation is equal to 140 tons/day.  

4.1.5 Analysis of the officially treated waste flows at the Gamodubu landfill 

To get more comprehensive picture of the officially treated waste at the Gamodubu landfill, 

the logbooks have to be analyzed. Official available statistics represent the total monthly 

flows of materials ending up at the landfill. Since Gamodubu is a regional landfill and waste 

from other settlements like Molepolole and Mogoditshane reach the landfill, it is not 

recommended to take the available statistical information and apply it directly to Gaborone 

city without omitting the flows from indicated areas.  

Monthly thorough waste intake data is available for the years 2010 (only data for the month of 

December is missing due to computer crash and data lost), 2011, 2012, 2013 (missing data for 

the month of August due to the same computer crash problems and unavailability to restore 

the data). For the year 2009 the data is available from October, when the landfill was 

officially opened.  

 

Table 2. Annual waste flows at Gamodubu landfill( Source: Kweneng District Council 2013) 

Year 
Total amount of waste deposited 

(ktons) 

2009
1
 19.5 

2010
2
 74.6 

2011 87.3 

2012 90.9 

2013
3
 108.3 

Total 380.6 

 

The table above summarizes the annual waste flow rates at the Gamodubu landfill. The 

monthly flow table is provided in the appendix section (see chapter Appendixes). It is the total 

amounts available from official statistics provided by the landfill personnel. As mentioned, 

waste flows from Kweneng district should be omitted due to the fact that only a small input is 

expected to reach the transfer station in Gaborone from this region. In order to achieve this, 

daily flows have to be examined. Table 3 is made by analyzing all the daily waste flows found 

in the log books provided by Gamodubu landfill manager and subtracting the flows coming 

from Kweneng district (especially Molepolole). Noticeable is the fact that there are data gaps 

in the log books for daily waste flows provided by the Gamodubu landfill personnel. For 

instance, the data for daily incoming waste flows for the year of 2010 is only available till 

June. To present a more comprehensive numbers, an estimation was made, that the flow for 

the second year period followed the equivalent trend and was multiplied by the factor 2 to get 

the quantitative number for the year 2010.  

                                                 
1
 Data available for only 3 months (October, November, December) since the official opening of the landfill.  

2
 The yearly average of 6.2 ktons of solid waste was assumed to be disposed of during  the month of December  

and added to total calculations for the year 2010. 
3
 The yearly average of 9 ktons of solid waste was assumed to be disposed of during the month of August and 

added to total calculations for the year 2013. 
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Table 3. Annual waste flows at Gamodubu landfill coming from Gaborone and Tlokweng 

districts 

Year Total amount of waste 

deposited(ktons) 

2009
4
 19.1 

2010
5
 70.7 

2011 83.6 

2012 87.8 

2013 105.2 

Total 366.5 

 

The total amount of 380.6 ktons of solid waste deposited at the Gamodubu landfill should be 

updated with deducted recyclables reclaimed from the site. According to statistics, the 

following materials have been extracted on site: paper, metal, cans, tires, glass (Kweneng 

District Council 2013). The amounts are represented in table 4. The total amount of waste 

deposited after subtraction of recovered material equals to 378.2 ktons. 

 

Table 4. Amounts of recyclables reclaimed from Gamodubu landfill (ktons) 

Paper Metal Cans Tyres Glass 

1.4 0.3 0.4 0.2 0.06 

 

4.1.6 Daily treated waste flow analysis relying on Gamodubu logbook data 

There are two ways to calculate the daily waste flows from Gaborone and Tlokweng districts. 

One is to take the separate year average, other the average from the total waste generation. 

Table 5 represents the calculations.  

 

Table 5. Daily solid waste flows at the Gamodubu landfill at different years (tons/day) 

2009 2010 2011 2012 2013 Total
6
 

208 194 229 241 288 236 

 

The chart below represents the seasonal variations of the waste flows from the years 2009 - 

2013.  

                                                 
4
 the data for daily incoming waste was only available for the month of December. An assumption was made 

that during the months of October and November the same amount of waste was generated in Molepolole and 
was subtracted from the total annual flow rate as indicated in the table 2. 
5
 1.9ktons of solid waste coming from Molepolole was disposed of at Gamodubu landfill from January till June. 

This number was multiplied by the factor 2 and subtracted from the total annual flow rate as indicated in the 
table 2. 
6
 Calculated from total waste stratum delivered at Gamodubu landfill from Gaborone and Tlokweng districts 

(table 3) 
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One has to take into account that Botswana is in the Southern Hemisphere, thus seasons are 

different compared to Northern Hemisphere. Summer is from December to February, autumn 

is from March till May, winter from June till August, spring from September to November. 

 

 

Chart 1. Seasonal fluctuations of waste delivered at Gamodubu landfill (tons). 

The graph shows that waste quantities are increasing every year and the general trend is that 

waste quantities keep on growing starting from spring, peak in autumn and the lowest 

amounts are delivered during the winter period. 

 

4.1.7 Waste flows in recycling industry in Gaborone  

Recycling companies help to diminish the quantities of waste accumulated in the system. All 

companies have their own materials they are specifically interested in. For instance, a 

company named Collect–A-Can is specializing in collecting beverage and beer cans in the 

city, while Dumatau is mainly collecting cardboard (K). Other main recycling companies: 

Recycle–It and Simply Recycle collect more diverse waste. This includes: paper (white paper, 

news papers), cardboard, plastic (clear and tinted), cans, mixed glass (Andersson 2014; I). All 

the waste collected is transported to other companies, which further handle the recyclable 

materials. All of the companies, which carry out a proper recycling, are located outside of 

Botswana. The most common flow route of recyclables is to South Africa and Zimbabwe. 

Daily waste flows accumulated by the recycling industry is presented in the table 6 below.  
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Table 6. Daily recyclable waste flows(tons/day) at the main recycling companies in 

Gaborone* 

  Recycle-It Dumatau 
Collect-A-

Can 

Simply 

Recycle 

Somarelang 

Tikologo 

Cardboard 4.9t 15t 
   

Newspapers 3.33t 
    

Paper 2t 5t 
   

Plastic 

material 
1.17t 0.03t 

 
3.5t 

 

Plastic bottles 0.5t 
    

Glass bottles 1t 
   

2.33t 

Metal cans 0.1t 
 

3.25t 
  

Total 13t 20t 3.25t 3.5t 2.33t 

*data gathered from interviews and study done by Emil Andersson (2014) 

The total daily waste flow by summing up all the recyclable waste collected by recycling 

companies equals to 42 tons. 

4.1.8 Choosing the most realistic waste generation rate (tons/day)  

Due to usage of various data sources  as mentioned, assumptions have to be made and the 

most realistic waste generation rate selected. The table 6 below depicts of what criterion have 

been taken into account when publishing the data. Furthermore, the data from Gamodubu 

landfill serve as officially treated waste data and is not comparable with waste generation data 

provided in other sources. Table 5 in section 4.1.6  provides the average daily waste flows at 

Gamodubu landfill from different years. Since 2010 the waste flow is increasing. The total of 

236 tons/day of solid waste delivered and treated at Gamodubu landfill is selected as the 

average number in the 5 year span and will be used in further analysis in this thesis as the 

quantity of the officially treated waste flow.  

 

Table 7. Estimations of daily waste generation rate and the criterion included 

 
DWMPC 

(555tons/day) 

Bolaane and Ali 

(98 tons/day) 

Master student 

thesis (140 

tons/day) 

Japanese study 

(533 tons/day) 

Household         

Commercial         

Industrial   -     

Other   -     

 

As seen in the table 7, Bolaane and Ali (2004) don’t take industrial and other waste streams 

into account, so the data cannot be comparable with other sources. Other data varies 

significantly. Generation prediction using DWMPC data and Japanese study is very close, but 

the data from Linköping University master students is much lower. This leaves an 

implication, that some of the data is significantly either underestimated or overestimated. 

Since the officially provided data from Gamodubu landfill has already been analyzed and the 
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average of 236 tons/day of solid waste reaching the facility chosen, it leaves to conclusion 

that generation rate should be higher than the findings from Linköping University master 

students. However, other two numbers might be highly overestimated and it would leave an 

illegal dumping case extremely high. In both cases the waste that stays in the city would 

outrun the officially treated numbers and it is highly unrealistic to be the case.  

In addition, Gamodubu landfill is the only official waste disposal site where all the waste 

streams from Gaborone should be delivered for treatment, but there are other landfills in 

vicinity (Ramotswa, Pilane) and the construction rubble site Ledumadumane close to the Sir 

Seretse Khama International Airport (A,N). The quantities of waste disposed in those landfills 

are unknown, but it leaves the impression that some of the waste from Gaborone might reach 

Ramotswa and Pilane landfills. In Ledumadumane, some companies and other individuals are 

disposing of construction rubble waste as Gamodubu landfill is not accepting all the rubble 

(E). According to the Gamodubu landfill manager Kumbulani Hobona, the landfill personnel 

is picky with construction rubble as otherwise if all rubble is accepted the landfill might reach 

its capacity within the few years.  

Taking some waste streams ending at Pilane and Ramotswa landfills into account, also not 

knowing the amounts of rubble disposed of in Ledumadumane, knowing illegal dumping 

being a real case in Gaborone and considering the amounts of recyclables recovered by 

recycling companies, the most realistic number would be the average between the generation 

rate provided by Linköping University master students and DWMPC, which equals to 348 

tons/day. This number as daily generation rate will be further used in this analysis. 

Having waste flow numbers, a simplified material flow analysis (MFA) scheme can be made 

for the city of Gaborone indicating main generators, recyclers and collectors with associated 

flows (tons/day). 

 

 Figure 4. General waste flows (tons/day) between main actors in Gaborone city 
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4.2 Illegal dumping 

A gap between officially treated and generated waste flows leaves an implication for an 

illegal dumping of waste in Gaborone. This has to be analyzed in order to identify the extent 

of this practice and indicate the factors of why it is happening. 

The official analysis of the waste flows provides the assumption that the extent to which 

illegal dumping is happening is extensive. Many respondents and interviewees have indicated 

illegal dumping as a serious problem in Gaborone, which further contributes to ecological and 

health hazard risk in the city (A,C,K,L,M,N).  

To start analyze illegal dumping case, theoretical concept has to be presented. The material 

balance principle says, that ”what goes into the system is either accumulated in the system or 

is leaving the system as an output”(Hinterberger et al. 2003). Figure number 5 illustrates the 

material flows within the system.  

 

Figure 5. General material flow model. (source: Hinterberger et al. 2003) 

In order to calculate the extent of the illegal dumping, clarifications have to be made. 

Referring to part 5.1.1 of this thesis, the daily flow of waste is expected to be around 348 

tons/day and the officially treated amount – 236 tons/day.  

Referring to the model, 348 tons/day serve as an input into the system. Material throughput + 

recycling serve as an output, because the real recycling is happening outside of Gaborone and 

Botswana in general. The recyclable material collected by the recycling companies is 

transported to South Africa, Zimbabwe, where processed materials are re-entering the system 

as a new input. Material throughput is equal to the officially treated waste flow – 236 tons/day 

+ collected recyclable material. Recyclable material data is obtained from table 7 of this 

thesis. Only data from the largest recycling companies is analyzed as it was provided by 

companies themselves and is reliable. The smaller companies do not hold a significant market 

share and it is too difficult to track down all the waste streams they handle. According to table 

7 data, 42 tons of various recyclable material is collected from different sources daily. 

Material throughput, when summed equals to 278 tons/day. 

If 348 tons of solid waste is generated daily and 278 tons are treated at the landfill or 

transported for recycling, the remaining 70 tons should be an area for further analysis, as this 

is the amount of waste accumulated in the system, thus implying the notion of illegal dumping 
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case. This means that the extent of illegal dumping is significant and requires immediate 

action. Figure 6 below represent the main illegal dumping sites as indicated by the Gaborone 

City Council officials. 

 

 

Figure 6. Illegal dumping in Gaborone 

The main sites are covered in the map, but there are dozen of other smaller sites of which City 

Council officials are not aware of. Kgale hill site is a tourist attraction area with a beautiful 

Gaborone view from the mountain top. However, the beauty is affected by the waste dumped 

at the foot of the hill and surroundings. Other site – near the Tlokweng road, where the old 

landfill was located and now closed is an area of great importance. People tend to think that 

this area is still a landfill and continue to dispose of their waste, even though it was officially 

closed in 2009 and is no longer functioning since then.  

The dumping site near the Sir Seretse Khama international airport is called Ledumadumane 

and is an official dumping site for construction rubble waste. It is an old pit and the idea was 

to cover it with construction waste and help solve the rubble waste disposal problem. The 

intention is good, however, the site’s infrastructure is not suitable for heavy weight vehicles, 

the access roads are in a terrible condition and there are numerous piles of construction rubble 

dumped on the way to the site. The reasons for this are unknown, either it was dumped 

intentionally or due to poor road conditions and unavailability to reach the site and dispose of 

the waste properly. In addition, other waste streams end up in there as well. There is no 
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control or registration of the vehicles entering the site nor the material they dispose of. 

Ledumadumane site was never a properly designed landfill facility, it was a construction 

rubble disposal site, but now it is becoming an uncontrolled, mixed material dump site and 

pose a threat to the environment.  

The site near the Gaborone Game Reserve is close to the wildlife habitat. Dumped waste 

could be ingested by the wildlife and cause illness, degeneration and death. Since it is one of 

the few tourist attraction sites in the city, effort should be made to protect the wildlife and 

diminish the threats affecting them.    

Phakalane site is undefined. The professors from the University of Botswana indicate that the 

site is real and illegal dumping is happening, while GCC officials are not aware of its 

location. Nevertheless, this site should at least be visited by the GCC personnel and identified, 

as it might be of great significance, otherwise it might be too late and the dump site might 

expand so drastically that it will be extremely expensive to clear the waste out from this area.  

One has to bear in mind that Pilane and Ramotswa landfills could be also receiving some 

amounts of waste from Gaborone. However, to track the waste streams is impossible, because 

there is no statistics and the landfill personnel is denying this fact. Referring to Pilane case, 

there are only elementary logbooks, the weigh bridge has not been operational for many years 

and the site’s condition is in a critical state.  

70 tons of waste being illegally dumped at the Gaborone daily is negotiable, since there are 

many uncertainties. The factors above indicate, that some part of those 70 tons, which are not 

officially treated could be disposed of at other landfills or referring to construction rubble case 

at the Ledumadumane site. The illegal dumping is real and it is visible throughout Gaborone, 

however to come up with a decent number, which could summarize the illegal dumping case 

is too difficult, due to many ambiguities.  

When considering the drivers for illegal dumping case, it is mostly influenced by the low 

level of environmental consciousness amongst the people in Gaborone and the distance to the 

landfill. It is too far for most of the people to reach the disposal site and they choose the more 

simplified “not in my back yard” approach (Simon 2011; Centre for Applied Research 2013).  

Another factor contributing to illegal dumping issue is an inconsistent waste collection 

service. It should happen twice a week, but sometimes the waste stays at the households for 3 

to even 4 weeks. The odors, which attract rodents, bugs are the factors not pleasant to most of 

the people, so they choose the alternative to dump their waste in the city outskirts and 

sometimes even in the city itself (Bolaane 2006).  

Old Naledi – a neighborhood located in the southern part of Gaborone is an area causing 

many problems. Illegal sheds and houses are being built there due to many people migrating 

into the city and ever increasing urbanization rate (Gwebu 2003). The waste collection is very 

poor in this area despite the fact that GCC is making an effort and provide skips to improve 

the situation. The waste collection trucks cannot reach households in this area, because the 

streets are too narrow for the truck to maneuver and the skips get overflowed too quickly. The 

absence of regular skip maintenance services poses a threat to the neighborhood and 

encourages the illegal dumping scenario to spread into the other districts of the city.  

4.3 Waste composition analysis 

Waste composition analysis and quantities associated is another important benchmark to 

improve waste management in Gaborone and help design the transfer station facility. The fact 
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that there is limited data on composition studies and scarce official statistics on waste 

composition available, makes it even harder. However, there are few studies done for waste 

composition in Gaborone. A master thesis from Kumar Nagabooshnam (2011), a study done 

by DWMPC in 2012. Benjamin Bolaane and Monsoor Ali (2004) also provide some 

composition analysis, but their study only covers the composition of household waste, 

therefore other stratums of waste are absent and this study could not be applicable to all waste 

streams. Findings from Nagabooshnam(2011) and DWMPC (2012) are used as a building 

base for waste composition analysis and should provide a prospect on waste composition 

situation in Gaborone.  

4.3.1 Waste composition analysis using data input from Nagabooshnam (2011) study 

As mentioned above, the master thesis done by Kumar Nagabooshnam (2011) provides a 

waste composition analysis for an annual waste flows in Gaborone. The table below 

represents a percentile portion of each waste fraction generated in Gaborone. The study was 

carried out by manually sampling the delivered waste material at the Gamodubu landfill. The 

length of the study was 7 days and all the waste stream was divided into  four  stratums:  

household, commercial, industrial and other waste.  Total 8 vehicle  loads  of waste  (mother  

samples), 2 from each of the four  identified  waste  stratums  were analyzed during the study 

period. A 300kg  sample was taken from each mother sample  and  sorted into 9 primary 

categories: electronic waste, glass, metals, food waste, textile, garden and wood, paper, fines 

and others, plastic.  

 

Table 8. Waste composition in Gaborone (Adapted from Nagabooshnam 2011) 

 

 

4.3.2 Waste composition analysis using data input  from Department of Waste 

Management and Pollution Control study 

The second approach to determine the composition of waste was made by Department of 

Waste Management and Pollution Control in 2012. The objectives of the study were to 

provide the waste composition data for city councils and help them prepare better waste 

handling strategies, to inform private sector about waste recovery potential and spread 

awareness amongst general public about the economic benefits of waste. The findings of the 

study provide the waste composition data for different settlements in Botswana and the focus 

was on all waste streams: household, commercial, industrial and other, therefore the findings 

represent the total percentile composition of all waste stratums. The study was done by 

manually sorting waste material at different waste disposal sites in Botswana. The study 

included sorting at Gamodubu landfill and the length of the sampling at this site was 2 weeks. 

The total staff included in waste sampling at Gamodubu was 44 persons – 4 supervisors and 

40 casual workers. Four samples from different identified stratums of total 5985 kg were 

taken and sorted into respective categories.  

Electronic waste  1% 

Glass  5% 

Metals  6% 

Food waste  25% 

Textile  3% 

Garden and wood waste  10% 

Paper  30% 

Fines and others  5% 

Plastic  15% 
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Contrary to Nagabooshnam’s (2011) study where 9 waste fractions have been identified, 

DWMPC (2012) distinguish 10 fractions found in the waste generated. The largest percentage 

is associated with paper waste and the findings can be seen in the table below.  

 

Table 9. Waste composition in Gaborone (Adapted from DWMPC report 2012) 

Paper  48% 

Metals  3% 

Glass  16% 

Plastics 14% 

Biodegradable  7% 

Textile and Rubber  2% 

Nappies, Diapers  1% 

Electronic waste  2% 

Styrofoam  1% 

Miscellaneous fines  6% 

4.3.3 Comparison of the waste composition studies  

Waste composition part as mentioned is based on only two data input sources and the only 

material on waste composition data available, but is a critical attempt to make the best of the 

available data sources. Moreover, those studies could be applied to identified daily generation 

and treatment flows to know the quantities and of what materials those streams are composed 

of. The total daily waste generation rate according to data analysis 348 t/day scrutinized 

through composition data provided by Nagabooshnam (2011) and DWMPC (2012) results in 

the following waste quantities represented in the figure 7.  

 

  

Figure 7. Waste composition analysis of the total waste generation rate (in tons) using two 

sources 

The average assumed officially treated amount 236 t/day when analyzed using the provided 

studies results in the following amounts and fractions of waste material indicated in figure 8 

below.  
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Figure 8. Waste composition analysis of the total officially treated waste flow (in tons) using 

two data sources 

The results achieved vary. Nagabooshnam’s study indicate that paper waste cover the largest 

portion of waste composition analysis. The same is with the study done by DWMPC, but the 

only difference is the percentile share. Nagabooshnam suggests that paper occupies 30 percent 

of all waste stream, while DWMPC state that it is 48 percent. According to DWMPC glass is 

the second most widely spread material and is taking 16 percent of the share, while 

Nagabooshnam’s study found that food waste is the second most widely spread material.  

For some materials like plastic the share is almost identical in both studies, 15 and 14 percent 

respectively. This also applies to other waste streams like: fines, textile, electronic waste, 

where the percentile difference is minimal. When it comes to glass waste, the difference is 

more vivid. One study indicate glass taking 5 percent, other 16 percent.  

Since it is hard to prioritize either of the studies and neither of the studies can be used with 

100 percent accuracy, also considering the fact that they are the only attempts to forecast 

waste composition, the suggestion is to combine them and take the percentile averages. For 

waste composition analysis it would mean that if one study found that paper takes 48 percent 

of the share and other 30 percent, the arithmetic average would be 39 percent. The 

calculations of the combined waste composition study are presented in the table 10.  

 

Table 10. Percentile share of the combined waste composition analysis 

Paper 39% 

Metals 4.5% 

Glass 10.5% 

Plastics 14.5% 

Biodegradable* 21% 

Textile and Rubber 2.5% 

Nappies, Diapers 1% 

Electronic waste  1.5% 

Miscellaneous fines 5.5% 

*Food, garden and wood waste was assigned to the category biodegradable for calculations 
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4.3.4 Composition analysis of the waste deposited at the Gamodubu landfill  

Waste composition analysis should be also applied to the Gamodubu landfill. The amounts of 

the waste deposited in there might be of great interest for the recycling companies. 

Furthermore, as the demand for resources is increasing daily, landfill mining is becoming a 

feasible and economically viable option to recover materials compared to mining the raw ores 

from earth (Krook and Baas 2013; Frändegård et al. 2013). The official statistics provided by 

the Gamodubu landfill personnel show that the largest share of the all incoming waste is taken 

by the domestic waste. Some materials like paper, metal, cans, tyres and glass (see table 4) are 

recycled and taken out from landfill, however it is just a small portion compared to the 

incoming waste stream. The total amount of 279.8
7
 ktons of domestic waste has been 

deposited at the landfill since 2009 (see monthly waste flows at Gamodubu landfill in the 

appendix section). Summing up the quantities in table 4, which equal to 2.4 ktons. When 

deducted from the total amount - results in 277.4 ktons of domestic waste received and 

should be applicable to the composition study analysis. The approximate composition could 

be determined by applying the combined waste composition analysis using data from table 10.  

  

 

 

 

 

Figure 9. Composition analysis of the all waste streams deposited at Gamodubu landfill 

(2009- 2014) (ktons) 

 

                                                 
7
 Due to missing data 5.1  ktons of waste was assigned to the month of December 2010 as the seasonal average 

and 6.4 ktons to the month of August 2013 as the seasonal average during that year to make calculations more 
comprehensive . 
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4.4 Main waste generators 

Waste generation could be divided into 4 main sections: household, commercial, industrial 

and other. Household level is generating one of the largest quantities of waste and Gaborone 

City Council has an authority to handle it. GCC is expected to take care of all the household 

waste in the city, however is struggling to comply to promised collection schedules.  

Commercial waste is generated by various companies and organizations. According to 

Bolaane and Ali (2005), Andersson (2014) and interview material from (A,B,C,D,I,J,K,N), 

the main commercial waste generation source is shopping malls. There are four main 

shopping centers in Gaborone and many smaller. The main ones are: Airport Junction, 

Riverwalk, Gamecity, Railpark mall. Companies like: Skip Hire, Leaf, Cleaning Wizards and 

Clean Cities&Towns have contracts with those malls and provide skip emptying services. 

Moreover, there are large shopping chains, with many locations throughout Gaborone. One of 

the largest chains is called Choppies, other who take a significant market share are: Spar, Pick 

‘n pay. The main waste carrier in Gaborone – Skip Hire identified Gaborone International 

Commerce Park as one of the main clients for their services. This is an example of another 

district in Gaborone, which generates large amounts of commercial waste with paper and 

cardboard being the main fraction.  

Industrial sector is not developed in Gaborone. One of the main constraints for production 

expansion is lack of water resources (A,G,K,N). The main industry is Kgalagadi Breweries 

(KBL) with beer and soft drink departments. Other goods are mostly imported from South 

Africa and other neighboring countries. There are some small other industries like concrete 

manufacturing etc., but they are very small scale. KBL breweries create workload for locals 

and help boost the economy, but from an environmental point of view is causing some 

problems, especially with their glass tare. People tend to break those glass bottles, thus slivers 

cover pedestrian and bicycle paths and it hinders the mobility for many people.  

Other waste category includes: governmental offices, public health centers, hotels, banks, 

schools etc. All of those institutions have contracts with private waste handling companies as 

only household waste removal is free of charge and conducted by GCC as mentioned before. 

University of Botswana could be the largest waste producer for this category. With 16.000 

students studying daily of which 3600 are living on campus and with the intention to expand 

to 20.000 students capacity in the near future, this institution is contributing to waste 

generation significantly (G). Moreover, about 80 % of the handling of the waste generated on 

campus is outsourced to private waste carriers, which collect waste every day. University has 

its own compactor truck of 10 ton capacity and other tractors, which operate on a daily basis, 

however the available capacity does not necessarily mean that it is always reached. There are 

seven skips of (7   capacity) which are serviced by compactor truck and five tractor skips of 

which two are sent to Gamodubu landfill regularly (G).  

4.4.1 Clinical waste 

Clinical waste is a very specific and extremely hazardous waste stream. Specialized clinical 

waste carriers are hired by hospitals and public health offices to handle this type of waste. The 

waste is collected in a special sealable containers and transferred to Gamodubu landfill, where 

everything is incinerated at the small incineration plant at 1200C temperature. Nevertheless, 

this does not solve clinical waste problem completely. There is a remaining toxic bottom ash, 

which has to be taken care of and many pollutants are being released into the air, because 

there are no filters installed to capture the fly ash in this facility (E). The personnel working at 

the landfill have to be conscious about the wind direction and wear respiratory protection 

equipment to avoid being exposed to the poisonous substances.  
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Mbongwe et al. (2008) indicate that Botswana had a HIV/AIDS breakout in early 1990s and 

since then many health institutions have been built to help combat this issue. Nevertheless, the 

more facilities, the more waste generated. This means that waste disposal practices have to be 

considered when designing those type of facilities. In addition, Mbongwe et al. (2008) state 

that clinical waste is not only toxic, but could contain chemicals, heavy metals, genotoxic and 

even radioactive substances. Another major issue is poor waste segregation at the healthcare 

institutions. Some general waste is mixed with hazardous clinical waste and are collected in 

the red bags, primarily designed for only clinical – hazard waste. This practice generates more 

so called toxic waste than there actually is. General packaging and other materials, which are 

not contaminated should be disposed of in general waste streams and only hazard healthcare 

material disposed in the red bags. This is happening due to failure to follow the regulations or 

even ignorance. Sometimes, even the red bags are tossed into general waste streams, posing a 

real threat to the environment and people who handle those waste containers (Mbongwe et al. 

2008).  

4.4.2 Construction waste 

Gaborone is developing fast and there is a need for new houses, schools, shopping centers etc. 

Development also attracts business attention. Shopping malls, hotels and other facilities are 

being built in Gaborone and these activities generate huge amounts of heavy - weight 

construction waste. Some of the waste is reaching Gamodubu landfill, however, the landfill is 

very picky with construction rubble waste and cannot accept all (E). Ledumadumane site near 

international airport is an alternative site to divert this type of waste and as for today most of 

the construction and demolition waste is disposed of at that site, however there is no official 

statistics to track the extent and quantities of such activities available. In addition, 

constructions are scattered throughout Gaborone and to map the construction waste routes is 

difficult.  

 

4.5 Future waste trends  

Future waste potential is very important when designing a transfer station facility or 

developing waste management plan. However, to make valid predictions is an extremely 

difficult task, since the only input one can rely is the historical development trend and the 

patterns of previous years could indicate the potential for future development (SEPA 2005; 

Östblom et al. 2010).  

For the Gaborone case, all respondents in  interviews and discussions (table 1) indicated the 

increasing waste generation patterns. Waste carriers  are delivering larger quantities of waste 

to the landfill, recycling companies are collecting more materials for recovery and waste 

generation units need more skips, receptacles and waste collecting services to maintain 

hygiene and cleanliness standards.  

Available statistics on GDP also support the increasing waste generation trend. In the last 7 

years, the real GDP growth rate was positive except for the year 2009, when economic 

recession hit hard and it was negative (Statistics Botswana 2011). The data from Gamodubu 

landfill is only available from the year 2009, when it was officially opened, so there is no 

chance to compare the waste flows from 2008 and investigate if negative GDP growth had a 

correlation to waste amounts treated at the landfill. Referring to Table 5 data, an indication is 

seen, that when GDP growth was positive (real GDP growth in 2010 – 7.0 %, 2011- 5.7%, 

2012 – 4,3%, 2013 – 5,9%) waste quantities at Gamodubu landfill were increasing ( Statistics 

Botswana 2011; World Bank 2014).  
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2010 – 194 tons/day 

2011 – 229 tons/day 

2012 – 241 tons/day 

2013 – 288 tons/day  

Future waste generation is highly dependent on governmental policy and attitude towards 

waste problems. If knowledge spreading campaigns and education will be the focus, it is 

highly possible that practices like “Zero waste” will become implemented. According to 

Lehmann (2010) and other scholars (Zaman 2014; Kinuthia and Nidzam 2011; Song et al. 

2014) education is the key driver to raise the consciousness of the people on consumption, 

waste disposal and general attitude towards waste material. Education can make a shift from 

seeing waste as a substance, which most want to dispose of as quickly as possible to a 

valuable resource, which could reenter the system in a form of various valuable by-products 

made.  

The future waste generation estimation done in this thesis will cover only 10 year time span. 

To glance further is very uncertain, because trends change and other factors, such like 

ambiguities in urbanization rate, consumer behavior etc. influencing waste generation and 

treatment occur. Shorter time span should be more accurate, though is not protected from 

possible variation errors. In addition, GDP levels and population growth have to be taken into 

account, when forecasting waste generation rate as well. As theoretical part 2.2 of this thesis 

suggest, urbanization rate and consumption patterns should be looked at if there is available 

data for those criterions.  

A ten year waste projection scenario is developed considering population and economic 

growth potentials. Another scenario is investigated taking the current flows coming from  

Gaborone and Tlokweng districts for official treatment as indicated in table 5. Moreover, 

insights on an optimistic – low waste generation increase scenario are provided in the separate 

chapter. A noteworthy fact is that trends on how economic and population growth has 

influenced the waste generation rate in previous years is limited, due to the fact that 

Gamodubu landfill was opened in 2009 and there are just few years available for deeper 

analysis and trends in longer time spans are not available for investigation. In order to depict a 

more comprehensive analysis not only statistics on GDP, but also statistics of waste treatment 

at the landfill  is needed. The relation between those two parameters could help investigate 

how GDP is linked to waste generation rates and what are the current trends in Gaborone. In 

addition, this kind of analysis will be possible to do in near future, since the data on officially 

treated waste flows is now being documented and department of statistics is collecting data on 

economic indicators and should reflect this in their upcoming reports.  

4.5.1  A ten year waste generation potential for Gaborone 

Using the already made calculations from part 4.1.1, which suggest that population rate in 

Gaborone in 2001 was 186.000 and in 2011 – 231.600. The average yearly population 

increase was 2,22%. Following the trend, in 2014 the estimated population is 247.400 and in 

2024 the population rate should be approximately 308.100. The trend is presented in figure 10 

below. However, due to development boundaries, such like limited water sources, climate 

change, which directly affects the primary water source in the city of Gaborone – Gaborone 

dam, the suggested linear population growth trend might be altered in the future, unless 

solutions will be developed and this issue if not solved, at least stabilized. In addition, the 

costly, but effective pipeline system connecting northern part of the country with southern 

could help solve the issue as north is always abundant of water and dams in there are 



37 

overflowing, however this is a costly project, but could be developed as a solution to the 

problem (N).  

 

Figure 10. Expected population growth trend in Gaborone from years 2001 - 2024 

The GDP trends are presented in figure 11, indicating the patterns of seven consecutive years 

found in the official statistics.  

 

Figure 11. GDP fluctuations in Botswana from years 2007 – 2013(sources: World Bank 

2014; Statistics Botswana 2011).  

For the year 2014 waste generation rate is 348 tons of solid waste per day. The economic 

growth rate chosen is a 4.3% average yearly GDP increase and is estimated till the year 2024, 

considering the seven year trend presented in figure 11. 

Another scenario studied is the waste flow amounts delivered at Gamodubu landfill for 

official treatment from the years 2010 till 2013 and the trend is expanded till the year 2024. 

Four year average is added to every upcoming year to develop the scenario.   
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Each year till 2024 will have the following waste generation rate presented in the table 11 

below.  

 

Table 11. Daily waste generation flow estimation from 2011 – 2024  

Year 
Population 

growth 

Waste generated 

based on 

population 

growth 

(tons/day) 

GDP per 

capita 

(Pula) 

Waste 

generated 

based on GDP 

growth 

(tons/day) 

Waste 

generated 

based on 

population 

and 

economic 

growth 

(tons/day) 

Waste 

generated 

based on 

officially 

treated 

waste 

flows at 

Gamodubu 

landfill 

(tons/day) 

2010 226.500 318 6980 292 267 194 

2011 231.600 325 7697 305 285 229 

2012 236.700 333 7255 319 305 241 

2013 242.000 340 7316 333 326 288 

2014 247.400 348 7631 348 348 319 

2015 252.900 356 7959 363 371 350 

2016 258.500 364 8301 379 396 381 

2017 264.200 372 8658 395 422 412 

2018 270.000 380 9030 412 450 443 

2019 276.000 388 9418 430 479 474 

2020 282.200 397 9823 448 511 505 

2021 288.500 406 10246 467 545 536 

2022 294.800 415 10686 487 581 567 

2023 301.400 424 11146 508 619 598 

2024 308.100 433 11625 530 660 629 

 

The waste increase is based on assumption, that economic growth will follow an 

uninterrupted trend and consumption patterns will stay the same.   

 

As seen in the estimation table, waste generation estimations based on population and 

economic growth and on officially treated waste flows at Gamodubu landfill are relatively 

very high. The estimations show, that it might almost double in a 10 year time span, which is 

highly unlikely, because economic conditions keep on fluctuating and an estimation that it 

will always keep the positive and constant growth is debatable, however it is still provided in 

this analysis for investigation purposes. This applies to estimation based only on GDP growth 

as well.  

The most realistic scenario for a ten year time span is the estimation made for waste generated 

based on population growth. If scrutinized, it includes economic growth in itself at some 

aspect, because population itself can not contribute to significant amount of waste generation, 

unless they have some buying power and commodities, products acquired are further 

discarded as waste material. Table 12 provides the estimations for the waste generated in a 10 

year time span and collection rates of what should be expected to reach the transfer station 

facility. As for now, the collection rate is about 70% of all waste generated, but when the 

transfer station facility will be operational, the rate is expected to increase.  
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Table 12.  Projected amounts of waste generated and collected 2011 - 2024 

Year 

Waste generated based 

on population growth 

(tons/day) 

Collected waste for 

official treatment 

(tons/day) * 

2011 325 228 

2012 333 233 

2013 340 238 

2014 348 244 

2015 356 249 

2016 364 255 

2017 372 279 

2018 380 285 

2019 388 310 

2020 397 318 

2021 406 345 

2022 415 353 

2023 424 382 

2024 433 390 

* From the year 2017 transfer station facility will start receiving waste with an intent of official collection rate to  

improve  by  5%  each  2  upcoming  years  e.g.  till  the  year  2017  –  collection  rate  will  be  70%  of  all  

waste generated, after will start increasing to 75% etc. 

4.5.2 Optimistic – low waste generation increase scenario  

Optimistic waste generation  scenario is based on assumption that environmental education 

and general environmental consciousness will be rising each year. This will mean that people 

will tend to reduce the waste they generate and will focus on reusing and recycling. This can 

only be achieved if governmental institutions will show more interest and develop knowledge 

spreading campaigns and invest in the necessary infrastructure. Presented “Zero Waste” 

concept could be very effective and give a lot of benefits in a long term if governing 

institutions choose to develop it further. The primary focus should be at school level, where 

the new generation is being formed. Developing environmental awareness since early ages 

will help in later years, when these children grow up and become consumers. They might find 

it easier to comply to regulations and will become proponents of balanced consumption and 

recycling initiatives, because they will already have the knowledge engraved in their 

personalities. Optimistic scenario also considers the fact, that the transfer station will be 

operational  in the year 2017, thus the gap between officially generated and treated waste will 

start to diminish. Reduction of this gap will mean lower illegal dumping rates. Recycling 

practices and at least increased amount of drop off centers could reduce the amount of waste 

sent to landfill and give benefits from economic and environmental point of view. However, 

the generational change example will require at least 30 to 40 years for environmental 

practices to actually start giving benefits. The optimistic scenario suggested in this part will 

follow the status quo – traditional waste generation potential  for some time, but the positive 

prospect could be waste generation stabilization towards the year 2024  based on the premise 

that population growth will reach a more balanced trend and yearly increase will start to 

diminish and citizens will become more conscious of their consumption patterns.  

Even though the potential for this scenario is low, it has possibility if the foundation for it to 

manifest will be started built today. 

4.6 Recycling in Gaborone 

Recycling at source in Gaborone is very limited. There is no formal recycling practice at 

household level established yet (K,L). Recycling at household is based on residents’ 
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environmental consciousness and their voluntary willingness to sort recyclable material and 

deliver them to recycling companies.  

There are recycling companies, which contribute to the tidiness of the city, but most of them 

are only collecting the recyclable material and transporting it to other countries for proper 

recycling. The local recycling industry is not established yet.  

GCC officials are aware of the benefits recycling can bring, but are struggling with 

implementation, because of the funding and lack of manpower to develop this project (K). 

The Botswana recycling guidelines have been designed by German consultants to help 

implement recycling practice in Gaborone and whole Botswana. There have been other 

researchers, who have been looking into obstacles and provided solutions on how to 

implement this practice, but those suggestions have not been implemented yet. Benjamin 

Bolaane has been investigating recycling and identified main areas of focus on how to 

encourage recycling in Gaborone. His findings mainly claim that environmental 

consciousness among citizens is at a low level for recycling practice to work efficiently and 

education is an essential point, where attention should be focused (Bolaane 2006). In addition, 

to implement recycling – incentives are needed. According to Bolaane (2006) if any waste 

separation at source program will be implemented, in order for it to work – financial 

incentives are a must. Moreover,  recommendations on waste management and recycling have 

been covered in a master thesis done by Christopher John Simon and there is an upcoming 

thesis specifically designed on recycling in Gaborone by Marion Simon.  

However, some initiatives are visible. A company named Recycle – it operates few small drop 

off centres, where people can leave their recyclable waste. Materials collected are: tins, cans, 

plastic material and bottles. Furthermore, the company has been running at source waste 

segregation pilot project in schools, where they located receptacles for 9 waste categories: 

cans, glass bottles, plastic water bottles, plastic juice and milk bottles, clear and mixed plastic, 

mixed and colored paper, office white paper, newspapers and cardboard boxes. Nevertheless, 

this practice at public schools was not successful, receptacles did not get the attention 

expected and even though there have been clear signs of what materials to recycle and in 

which receptacle – pupils and staff mixed materials and disposed of them in improper place. 

This made recycling project inefficient and had to be closed. The only bright spot of this 

project were private schools. There the company managed to get the necessary attention and 

was satisfied with achieved results. These achievements stimulated to continue cooperation 

with private schools and the project is still active in there (I).  
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5 Discussion 

Discussion part is essential to critically evaluate and enhance the results obtained in this 

thesis. Reflections provided are for the methods used and the main findings of the results 

section.   

5.1 Reflection on method used 

The main method used for data collection while the time was spent conducting research in 

Gaborone was semi- structured interviews. According to Berg (2001) those kind of interviews 

are more open and give the respondent freedom to digress. This allows the researcher to probe 

the desirable research area even further and different, but related to the topic insights are 

usually uncovered when such interviews take place. For the above reason, the research design 

was chosen to follow the indicated method approach.  

Another aspect, which is vivid in the results section is the usage of averages in many parts of 

the data analysis. According to Porter et al. (2009) average imputation is the most commonly 

used method for dealing with missing data, however there are more sophisticated methods, 

which could be applied, but are not always appropriate or attainable. The method of imputing 

averages was chosen to fill in the missing data gaps and provide a more balanced analysis, 

however should be also evaluated critically as it might not reflect the real situation especially 

in parts where the assumption was made that the trend for the second half of the year followed 

the same pattern as for the first one. On the other hand, if those areas would have been left 

blank this could have influenced the results. Underestimation in this case was seen as a worse  

scenario compared to using averages, which even not being a totally reliable data input, was 

still seen as a better option.    

5.2 Waste quantities 

Waste generation rates were provided using different sources of information available. It is 

important to further discuss the obtained results and provide critical reflection on the sources 

used. 

The most notable fact referring to waste quantities analysis is the reliability of the data 

provided. All the data received from Gamodubu landfill should be evaluated critically. The 

amounts of waste provided in the table 2 should be more or less reflecting the real situation, 

however according to some sources, the weighbridge is not operational all the time (A, N). 

When those breakdowns occur, the waste entering the landfill is not reflected in the official 

statistics. The implication is that the waste quantities should be expected to be a bit higher 

than the official statistics provide. In addition, especially the daily waste flow data, received 

from Gamodubu staff is very limited. The data gaps are significant and the amount of waste 

coming from Molepolole town is extremely low, considering the fact that it has 66.466 

inhabitants (Statistics Botswana 2011).  

Data obtained from different sources vary significantly. The waste generation rate analysis 

using data from DWMPC and Japanese study are closely related, but the other sources -  data 

input from master student thesis and academic article data show a major gap, when compared 

to the studies mentioned earlier. The reason could be that DWMPC and Japanese are 

measuring at source of waste generated, while other two studies looking deeper at the end 

treatment point. Moreover, the lowest amount -  98 tons of solid waste generated per day as 

indicated by Bolaane and Ali study (2004) does not cover the industrial and other waste 
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streams into account, also the data is from the year 2004 and during a 10 year time span a lot 

of conditions, directly influencing waste generation have changed.  

Referring to DWMPC and Japanese studies, the numbers seem to be overestimated. The 

analysis of officially treated flows at Gamodubu landfill and waste flows in recycling industry 

are used as a starting point for estimating the current waste generation rate in Gaborone and 

indicate that if numbers from DWMPC and Japanese studies were correct and reflecting the 

real situation, the illegal dumping of waste would exceed the officially treated waste flows by 

almost two times and it is highly unrealistic to be the case.  

5.2.1 Waste generation in Botswana compared to other neighboring countries 

It is advisable to compare the assessed quantities of waste generation with other neighboring 

countries and even some other African countries in general to put the results in context and 

draw some rational conclusions. However, the data in most countries on waste generation is 

scarce and some sources only include household per capita waste generation and other 

streams of industrial, commercial etc. are not included in the analysis. Another aspect to think 

about when comparing results is different population of the cities, varying economic 

development and GDP growth rates, also other factors, which influence waste generation, so 

comparison between countries is relatively superficial.  

As indicated, currently Gaborone is generating about 348 tons of solid waste per day and the 

population is approximately 247.000 people. When the total generation flow is divided by 

population rate, the per capita per day waste generation is equal to 1.41 kg. Botswana has 

borders with Namibia, South Africa, Zimbabwe, Zambia. According to a study for  waste 

management and pollution control in Namibia (2001) the capital city of Windhoek was 

generating 52.000 tons of solid household waste per annum. This accounts for 142.5 tons/day, 

but  does not include commercial, industrial and other waste streams into account. However 

the data source is from the year 2001, so much could have changed since then. In addition, the 

population level in 2001 was around 233.500 people living in Windhoek ( CIA 2014). 

Calculated per capita waste generation is equal to 0.62 kg of solid waste generated per person 

per day. 

The capital of Zimbabwe – Harare is producing around 400.000 tons of solid household waste 

per year, equivalent to 1096 tons/day and the current population statistics is  1.542.000 people 

living in Harare (Mbiba 2014; CIA 2014). Since commercial, industrial waste streams are not 

reflected in this number, the actual waste generation number is expected to be higher. The per 

capita daily waste generation is equal at about 0.72 kg.   

Citizens of Lusaka, the capital city of Zambia are generating 270.000 tons of solid waste per 

year or 740 tons/day (Mbiba 2014). The most recent statistics on population shows that in 

2011 Lusaka had approximately 1.802.000 people (CIA 2014). However, the waste 

generation quantity is only for residential waste stream and the per capita generation is  0.41 

kg.  

Hyman (2013) indicates, that waste quantities from Cape Town, South Africa sent to landfill 

in 2010 were equal to approximately 1.457.000 tons/year or 3992 tons/day and population 

was about 3.700.000 people. Per capita daily flow at that time was about 1.08 kg. Due to high 

population rate the quantities of waste generated are naturally expected to be greater, when 

compared to other capitals nearby. Moreover, the trend in Cape Town is that waste quantities, 

reaching landfill facility are decreasing, due to ever increasing waste recovery rates ( Hyman 

2013).  

http://en.wikipedia.org/wiki/Windhoek
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The average rate for the whole African continent is 169 tons/day of solid household waste 

generated, excluding commercial, industrial and other waste source sectors ( World bank 

2014).  

Most of the statistics available from other neighboring countries  do not cover the whole 

waste streams. Industrial, commercial and other waste streams are not included and there is 

lack of data for proper comparison with numbers derived from Gaborone.    

5.3 Main waste generators 

Main waste stratums have been identified in this thesis, however, taking into account that 

Gaborone is expanding constantly – other stratums may occur in the near future or already 

identified stratums will have to be updated with new sub-sections.  

When referring to results section, University of Botswana was suggested as a main waste 

generator for the other waste stratum. Nonetheless, there is no data to support this claim as 

only the obvious statistics of students on campus, companies involved and regular 

maintenance services were identified while interviews were conducted. This has left an 

impression of a significant waste generator.  

Moreover, a great concern is the ever increasing hazardous and construction waste streams. 

Liquid waste material has not been investigated in this thesis, but is an extremely dangerous 

substance to human health and environment and should be taken into account by 

policymakers when developing waste management plans. The clinical waste issue should be 

solved by improving the conditions at the incineration facility at Gamodubu landfill. The 

impact on environment and human health has to be minimized and strived for constant 

improvement of the service (Mbongwe et al. 2008).  

Construction waste issue could be solved by introducing recycling (Lahmann 2010; Kinuthia 

and Nidzam 2011). There is a potential for companies to venture into a business field which 

could generate income and solve the construction and demolition waste utilization problem. 

5.4 Future waste trends 

Future waste trends covered a 10 year time span and different scenarios were developed and 

analyzed. What is more, the scenario based on officially treated waste flows at Gamodubu 

landfill is very inconsistent. Analyzed flows available in logbooks provided by the landfill 

personnel indicate an increase of 35 tons of solid waste generated per day  from the year 2010 

till 2011. The flow from 2011 till 2012 – 12 tons increase and the flow from 2012 till 2013 – 

47 tons. Even though the flows are increasing, but the fluctuation is very significant. The 

reasons could be as mentioned above, that weighbridge could have been out of order and 

some streams might have not been reflected in official logbooks. In addition, the calibration 

state of the weighbridge is also questionable together with staff competency and ability to 

record the data properly. Taking this into account, the scenario developed should be looked at 

critically.      

5.5 Recycling in Gaborone  

When it comes to regional recycling – water and electricity become the main constraints 

(Bolaane 2006; N). These issues are serious and hinder the possibility to introduce the new 

industry in the country, however are solvable. Regional recycling industry could not only 

boost the local economy, but could significantly contribute to the tidiness of the country. In 

addition, the current situation when all collected recyclable materials are leaving the country, 
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contributes to loss of resources. If Botswana was able to recycle waste locally, it could build a 

strong supportive industry, generate benefits by increasing diversity in economy and also 

provide necessary work places for locals. As for now, commodities and necessary materials 

have to be imported from other countries. This is inefficient compared to the distances the 

resources have to travel, which also leads to increased costs and carbon footprint alterations 

when a life cycle analysis for the recyclables is applied.  

Recycling practices could be primarily focused on the materials identified in the theoretical 

framework part: plastic, paper and cardboard, glass and metals as these materials could give 

the best profit margins for companies and provide the utmost environmental benefits, when 

diverted from landfill.  

As for now, largest recycling companies in Gaborone ( I,J) are mainly interested in cardboard 

and paper collection and this is reflected in table 6 in the daily flows of materials in recycling 

industry. The interviewed companies would like to expand their collection rates in relation to 

those materials as these materials bring the best revenues, however could not provide more 

details as this was seen as a sensitive business information and due to competition reasons 

was left unrevealed. In addition, the waste composition analysis of the two studies provided in 

4.3 part of this thesis also support the claim, that paper and cardboard could bring the best 

economic benefits as those materials are the most abundant in the waste stream.  

Looking from environmental perspective plastic and metals should be the materials of highest 

concern. For the Gaborone case, plastic is more abundant in the waste stream and according 

to studies provided in waste composition analysis in section 4.3, plastic takes about 14-15%, 

while metals  3-6% of total waste generation stream. When referring to 2.3.1 part of 

theoretical framework of this thesis, plastic was indicated as a toxic material and according to 

sources contains carcinogens such like benzene, vinyl chloride, xylems and bisphenol A, 

which are extremely toxic to humans and wildlife. What is more, both materials: metals and 

plastic have a very long decomposing cycles and they range from 200 – 500 years depending 

on conditions. Metals tend to corrode and their cycle is defined by weathering process, while 

plastic fractures into smaller particles and impregnated with organic matter can be the cause 

of bacteria infestation (American Chemistry  Council  2014). Infested soil is affecting the 

food yields and the plastic contaminants might be absorbed by agriculture, thus enter the 

human food chain (Victor 2013).  Another aspect to think about, when prioritizing materials 

for recycling from  environmental point of view is the space they take at the landfill. 

According to EPA Reusable News (2000) 1 ton of plastic occupy about  22.9 cubic meters of 

landfill space, while 1 ton of steel take 3 cubic meters and 1 ton of aluminum 7.5 cubic meters 

of landfill space. Moreover, due to abundance of plastics and its dumping, there are high 

chances that plastic material gets ingested by wildlife and cause deaths or degeneration, also 

when illegally dumped it reaches water sources and eventually through river systems end up 

in the oceans, where it fractures into smaller particles and forms such environmental hazards 

like the Great Pacific garbage patch and others (EPA 2014; EPA Reusable News 2000).   
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6 Conclusion 

Conclusions are further presented together with the main research questions, formulated at the 

beginning of the research.  

 What are the quantities and composition of the waste generated in Gaborone city RQ 1.

today?  

The findings state, that currently, in the year 2014 Gaborone city is generating about 348 tons 

of solid waste per day of which 236 tons are treated in the landfill, 42 tons are collected 

recyclable material and the remaining part leaves an implication for an illegal dumping 

scenario. Composition of waste varies, but according to data sources used for analysis paper, 

biodegradable, plastics and glass are the main fractions found in the waste stream. In addition, 

the comparison with other neighboring countries partly support the findings, however much 

more thorough study should be developed in order to compare the results more accurately. 

Also the findings from neighboring countries are mostly for residential waste streams, 

neglecting commercial and industrial waste, which also reach landfill facilities  and leave the 

implication, that actual waste streams are much greater.  

 Who are the largest waste generators in the city of Gaborone, Botswana?   RQ 2.

The largest waste producers are households and commercial sector – shopping malls. Industry 

is very limited in Gaborone and KBL breweries are the largest industrial waste generator. For 

the other sectors: banks, hotels, governmental offices etc. the main waste generator could be 

University of Botswana, however there is not enough data to support this claim and further 

studies are needed to look deeper into other sources and their contribution to waste generation 

in this stratum. Hospitals and clinics are generating hazardous waste, which has to be 

incinerated, but this sector has many issues. Starting from waste separation at source and 

ending with final disposal at the incinerator, which is operating without any proper emission 

monitoring. Construction waste is another sector, which produces large amounts of waste, but 

it is impossible to obtain the reliable data on waste generated. Gamodubu landfill is only 

taking some small amount of construction and demolition waste, while most of the waste 

from this sector is ending at the Ledumadumane site without any recording or is dumped 

illegally.  

 Future waste generation potential, what quantities of waste are expected to be RQ 3.

generated in the future?   

Interviewed parties for this thesis indicated, that waste quantities keep on rising. It is mostly 

expected, that waste streams will continue to rise due to increase in population and economic 

growth, which result in altered consumption patterns and affected scope of urbanization. 

Analysis show, that the most realistic future waste generation potential till the year 2024 is 

expected to reach about 433 tons of solid waste generated per day. However, the optimistic 

scenario for waste generation potential presented indicate, that reduction in waste generation 

is possible.  

 Which materials should be prioritized for recovery in the transfer station facility, RQ 4.

when looked from economic and environmental perspective? 

The materials that recycling industry is mostly interested in as for today are: paper and 

cardboard, plastic, glass, metals. Looking from economic point of view all those materials are 

important to the companies, but paper and cardboard are the materials providing the best 
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economic benefits and most of the companies are showing interest in expanding their 

collection figures in relation to those materials. In addition, paper and cardboard are the most 

common materials found in municipal waste stream in Gaborone. Material flow analysis in 

recycling sector in Gaborone indicate that paper and cardboard together with newsprint are 

comprising about 30.23 tons out of total 42 tons of recyclables collected in Gaborone per day.  

From environmental point of view, all materials are encouraged to be recycled, but especially 

plastic. Due to its toxicity and impact on the environment, the less of this material is reaching 

the landfill – the better. For the Gaborone case, plastic constitutes about 14-15 % share of the 

total waste generation rate and is the third largest spread material. Furthermore, plastic 

contains  carcinogens such like benzene, vinyl chloride, xylems and bisphenol A, which are 

extremely toxic to humans and wildlife. Due to illegal dumping cases it is dumped in the city 

and its outskirts, where it causes direct hazard to wildlife, can end in rivers and reach the main 

water source for the city of Gaborone – Gaborone dam and eventually end up in the oceans, 

where it accumulates and forms the knowing environmental hazard like the Great Pacific 

garbage patch and others. Plastic also occupies a tremendous space at the landfill facility 

compared to other materials and is a hard material to compress as it tends to retrieve its 

original shape after time. This causes the cells at the landfill facilities to reach their capacity 

limits faster than it is expected and originally planned. In the case of Gaborone, where the 

official waste treatment practice is landfilling, the Gamodubu landfill is already exceeding its 

planned yearly capacity limits and the efforts to divert the waste streams, especially through 

recycling could help alleviate this problem.  
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Appendix  

A – Transcripts of interviews  

Gamodubu Landfill  

Manager Kumbulani Hobona +26771637473; kchobona@gmail.com 

Gamodubu landfill is located approximately 30 km from Gaborone. Opened in 1
st
 October 

2009. Landfill takes waste from the city of Gaborone, Molepolole and Mogoditshane districts. 

Gamodubu landfill is an area covering 80 hectares of which 30 is currently developed. The 

landfill is built according to all the environmental requirements, is lined to secure leakages 

into the soil. There is also a network of pipes, which collect leachate and transfer it to leachate 

pond. There are 5 cells for domestic waste fractions currently used. Domestic means waste 

coming from households or commercial sector which is unsorted and contains all type of 

fraction: plastic, paper, cans, bottles, textile, chicken manure etc. There is also a designated 

area on the landfill for garden waste disposal, with a shredder, which crushes branches and 

other trimmings. In addition, there is a cell for tyres and scrap metal. These fractions are not 

mixed with domestic waste as there is a potential for resource recovery to be made in a years 

ahead, therefore the landfill cells serve as a temporary storage place.  

Landfill also processes clinical waste. There is a small waste incinerator on site with 2 stoves 

which have the capacity of processing 176kg of medical waste per hour. They heat up till 

1200C. The bottleneck is that there is no filtration system in the chimneys of the incinerator 

stoves, so all the toxic gases are released into the atmosphere, causing pollution and threat to 

the workers on site.  

When a truck arrives to dispose of waste at the site it is registered, after that weighed on a 

weigh bridge to know the gross mass. After unloading the truck is weighed again to get net 

mass. The unloaded waste is spread out by the bulldozer after that compacted and covered 

with soil and construction rubble.  

Before and after the rainy season groundwater quality is checked. There are boreholes on the 

landfill where the samples are taken. Leachate consistency is on a constant supervision. 

However, there is no methane or carbon dioxide monitoring on site.  

One of the major problems managers are facing is the breakdowns of equipment. Especially 

bulldozers used for waste spreading and compacting. It is hard to fix them, not enough skilled 

mechanics and the parts have to be shipped from South Africa, which makes it very 

expensive. The common reason for failure is overuse of the equipment. Some materials like 

plastic is hard to compact and they tend to pop out after some time and cause problems for 

covering and spacing. The landfill does not accept any hazardous waste and they are very 

selective with construction rubble, because if everything is taken the landfill will be full in 

few years leaving no space for domestic waste disposal. Construction rubble is disposed of at 

other site near block 8 on the way to Airport. An old quarry pit is being covered by 

construction rubble material.  

Landfill is open 7 days a week from 8am – 6pm. Other regional landfills close at 4.30pm and 

Gamodubu is the only one working longer. All the landfill territory is fenced, though some 

animals do sneak into the territory attracted by the odours and in the search for food. There 

are few scavengers on site collecting glass, paper, plastic, but the amounts of materials they 

reclaim are not very high compared to what is disposed of.  
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Kgalagadi Breweries (PTY) LTD 

Risk assurance manager Lucien Josiah Lucien.Josiah@bw.sabmiller.com;+26771305176 

Kgalagadi Breweries (KBL) is the main industry in Gaborone. The whole organization is 

divided into 2 departments: beer and soft drink. At the soft drink department KBL produce 

Coca-Cola beverage and is official licensed distributor in Botswana. The tare used for 

beverages is: cans and bottles for both beer and soft drinks. Cans are recyclable, but there are 

two types of bottles used returnable of which the deposit is paid back and non returnable.  

Brewery cooperates with recycling companies. Collect – a-can collects cans. Now only steel 

cans are being used, but there is going to be a shift towards aluminum cans in near future. 

Glass bottles are taken by the NGO Somarelang Tikologo, card boxes by Dumatau recycling.  

Waste is managed quite effectively. According to the risk assurance manager sediment from 

the boilers left after product fermentation is disposed of at the landfill. Other by-product 

called kisalga is also sent there. Wooden pallets abundant in the production process are given 

out to employees as a firewood. All other general waste is sent directly to the landfill. The 

company mainly deal with the waste themselves, but when the truck breaks down they call 

Cleaning Wizards to help with waste carriage. There is some hazardous waste generated. 

Medical waste from a small clinic is taken away by a specialized clinical waste disposal 

company, containers with ink at the Coca-Cola department are dealt accordingly.  

It is hard to determine how much waste is generated everyday. The company does not have 

this kind of statistics. The skips move around from one plant to other and it is impossible to 

track them down all the time. The policy is that as far as there is no waste at the plant it is 

fine. The skips are used for cans, general waste, glass, sediments, metal. The skips are of 6 

  capacity. The waste is not mixed in the skips unless it is general waste. Sorted skips are 

taken care of by recycling companies.  

The production does not stay only in Gaborone. It is distributed to 5 other locations within 

Botswana. However, neither the risk assurance manager nor distribution manager could not 

share the production details, because they are afraid of information leakage. Their position 

was that there is a tough competition in a beverage industry worldwide and sharing some 

sensitive production details could affect their business.  

Main products and ingredients are all imported. Malt from Zimbabwe, hops – Germany, 

sugar, cabs, bottles, packaging material and glue – South Africa.  

The production is increasing every year. KBL is experiencing constant steady growth. 

Interestingly,  

The production is increasing so as the efficiency, but due to the larger quantities produced the 

overall losses are higher. For example, 1.000.000 litres produced with 1% total loss which 

equals to 10.000 litres lost. When 1.250.000 litres produced with a 0.9% total loss, then 

11.250 litres are lost and so on.  

 

Dumatau trading ltd 

Director Steve Coleman dumatau@info.bw  

 

1. What recyclable materials are you collecting now and planning to collect in near 

future? 
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We collect Cardboard cartons (K4), Office waste (HL1), Sack Kraft (K1), Mixed 

Waste (SBM), Newsprint,Plastic (LDPE, PET, PP). 

 

2. Who are your main clients, where do you collect the largest amounts of materials 

from? 

        Our main clients are Nampak and Sappi in South Africa. 

3. What materials you would be interested in when transfer station is operational?  

          We would be interested in all the above. 

4. Waste quantities. Referring to your business, are amounts increasing, staying stable, 

decreasing? Your insights. 

Our volume is around 450t/month and fairly stable. 

 

Cleaning Wizards 

General manager Odirile Monare odmonare@cleaningwizards.co.bw ; +26772100588 

Cleaning Wizards are in the business of refuse collection and removal since 2003. They own 

7 compactor trucks and provide services for major super markets in Gaborone and other 

adjacent municipalities. Right now the main customers are located in Ramotswa and 

Tlokweng districts, where cleaning wizards are even doing a house to house refuse collection. 

They serve around 200 houses and service lasts from Monday – Friday. The biggest clients in 

Gaborone is Railpark shopping mall, where 8 (6   ) skips are located of which 4 are fully 

filled everyday. Square mart at central business district has 2 skips and 6 (480 litre) bins 

which are emptied everyday too. Manager at Cleaning Wizards complains that supermarket 

network Choppies collect waste in cages and refuse to take skips. They throw loose waste in 

the cages and it is hard for the Cleaning Wizards personnel to remove the waste from them. 

They are negotiating that at least employers at the Choppies supermarkets could use balck 

plastic bags before they dispose of them in cages. This could help to build efficiency and 

quality of the service.  

Skips that Cleaning Wizards are using are made in South Africa and imported. The company 

has a vision to start their own manufacturing line. As to the current efficiency they manage to 

fit in 19 (6   ) skips into one compactor truck. They have to strive for max efficiency as the 

distances to the landfills are far and it is expensive to send a half full truck.  

Cleaning Wizards have been working with Gaborone City Council (GCC) and have helped 

them collect waste from households. According to them, they have done a great job and while 

they were hired to collect refuse there were no problems. They always maintained to the 

schedule and collections were taking place twice per week. The situation now is that waste 

stays in households for up to a month with no collection, which brings so many environmental 

and health issues. In the climate this hot the waste should be collected at least twice per week 

to avoid odours, birds, rodents. It is also a threat when young families have toddlers in their 

household and there have been cases indicating that kids sometimes tend to eat refuse they 

find on the ground from overfilled trash bins. Cleaning Wizards would like to reestablish the 

cooperation with GCC and they are certain that they can help solve the waste situation in the 

city. The fundamental problem is management and route formation. Since the company has 

been doing this for many years in Gaborone and neighbour municipalities they feel they 

established expertise and are willing to apply it in the city of Gaborone again if GCC will 

insist.  
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Pilane Landfill  

Manager Masengo Dikgale +26771234236  

Pilane landfill was opened in 1999. It is located in a Kgatleng district and the waste from 

Gaborone should not reach this landfill. It is located about 25km North of Gaborone and is 

easy reachable driving on A1 highway. It is acclaimed that the landfill has reached its full 

capacity therefore is full. Despite this fact, the trucks are still coming to dispose of the waste 

on a daily basis, because there is no other alternative available in this district. The landfill 

does not charge any fees for waste disposal. As up to this date the situation in the landfill is 

very messy. The waste is dumped all over area, there is no coordination, the weigh bridge is 

not operational since 2012, so it is impossible to get any statistics of what amounts of waste 

are buried there since 2012.  

The staff at the landfill states that the landfill was build according to all the environmental 

standards at the time. It is lined up and leachate is collected, though exceeding the projected 

capacity is causing real threats. Landfill is a real hazardous issue in the area and needs 

immediate action towards conservation and resource recovery.  

Luckily, a company Kagisano innovations is planning a waste to energy plant close to the 

landfill. They intend on mining the landfill and using the material to power the plant. This 

will help alleviate the burden on the landfill and cope with the waste management not only in 

the Kgatleng district, but also in a greater Gaborone area.  

There are also some companies reclaiming recyclables from the landfill. Companies Total 

Recycling and Simple Recycle are collecting paper and plastic, Alman metals and N.N. 

Metals collect scrap metal and tins. Companies collect materials in bags. Each bag is about 

300 litres and the weight depends on the material. As for 2013 statistics, the following 

amounts have been reclaimed:  

 Paper Metal Plastic Glass 

Total amounts 

for (2013) in 

bags 

552 377 1296 176 

 

Interview at University of Botswana 

Director of Campus services Ben Rugumyamheto +26772303802;     

rugumyab@mopipi.ub.bw  

Ground development officer Mr. Raditsebe +26776186029 

 

1. How many students are living there on campus?  

3,600 students constantly living in student accommodation.  

 

2. Who is taking care of waste? Which contractors are hired to do the job?  

Most of the waste management is outsourced. According to Mr. Raditsebe 80% of the 

handling of the waste generated on campus is outsourced to private companies. This means 

that University of Botswana is hiring other companies to take care of the waste. The 

mailto:rugumyab@mopipi.ub.bw


 

 

companies that collect waste are: “Landscape solutions”; “Greenies gardens”; ”BSD 

gardening and cleaning”.  

 

3. Waste quantities generated daily, per week/month and composition? 

No statistics. The waste generated on campus is allocated as Domestic waste, meaning that it 

is a mixed composition containing: food waste, glass, metal, plastic, paper and cardboard, 

textiles, garden waste.  

 

4. How often is the waste being taken out from the campus? Is it a schedules - regular 

service? 

University of Botswana owns a compactor truck, which operates on a daily basis. It is 10t of 

capacity, but this does not mean that the truck is always full. There is also a tractor collecting 

special tractor skips on campus. Companies operate on their own schedule, but you can see 

them everyday. Waste collected by the compactor truck and tractor truck is taken to the 

Gamodubu landfill.  

 

5. How many skips and other receptacles are there on campus? Size of them?  

7 skips (7   capacity) which are emptied by the compactor truck.  

5 tractor skips, 2 sent to the Gamodubu landfill on a regular basis. 

Garbage walls (designated areas from waste disposal, domestic loose waste is stored in there. 

 

6. Recycling on campus. Any initiatives and could this help reduce the waste 

management costs?  

There is no formal recycling on campus, however a company named Dumatau is collecting 

some separated paper and cardboard on campus. Director of Campus services Mr. Ben 

Rugumyamheto wants to promote sustainability on campus and to his opinion waste sorting 

could help cut the costs. He would like student organizations to be more active and conscious 

about promoting waste recycling campaigns on campus. 

  

7. Future trends. Are waste quantities increasing, decreasing, staying stable?  

According to Mr. Ben Rugumyamheto Botswana is a developing country so waste generation 

is increasing every year and it has not reached its full potential yet. Even the campus is 

expanding. It is expected to have around 20,000 students in upcoming years (right now there 

are 16,000 full time students on campus). There are 3,600 students permanently living on 

campus and with expected full time student increase the number of students accommodated 

on campus will grow too.  

Other remarks:  

For disposal of e-waste, chemicals, clinic waste a specialized companies are hired. Most of e-

waste and other hazardous elements end up in South Africa, clinical waste is incinerated at the 

Gamodubu landfill’s incinerator. University also has a policy where employees can buy worn 

out or outdated electronic equipment for their personal use. Auctions are held every month for 

this occasion.  



 

 

Mr. Ben Rugumyamheto was skeptical about the behavior change of the students. He is in the 

business since 1985 and during all those years he claims the students are behaving the same. 

They litter everywhere, too lazy to dispose of their lunch leftovers in designated waste 

receptacles and leave all the trash after themselves. Students are hard to educate and showing 

no signs of willingness to change the bahaviour. That is why waste collection has to be done 

everyday, otherwise campus will be contaminated and health hazards will occur.  

 

Somarelang Tikologo (Environment Watch Botswana) 

Mrs. Feledi cfeledi@yahoo.com +2673913709  

Somarelang Tikologo is the only environmental NGO in Gaborone. They promote 

sustainability by educating people and providing an open drop off center for waste recycling. 

Their headquarters consist of: recycling - drop off center, ecological cafeteria, playground for 

children made of recycled and reused waste, community organic garden and a green shop 

where all the commodities are made from reused waste materials. As for today, bottle 

collection and recycling is the main source of income for the NGO. They collect, crush and 

transport glass bottles to South Africa for recycling. The amount of glass collected varies 

from 66-70 t/month. The glass is loaded in a truck in a 1 ton bags. About 36 tons can be 

loaded into a carrying truck and all the monthly delivery of glass generates from 18,000 – 

20,000 Pula of net income. Other expenses included are: 7,500 Pula/truck for delivery of one 

load of materials, 2000 Pula for South African border clearance, 7000 Pula/month for fuel 

costs.  

The manager at the Somarelang Tikologo says that quantities of glass collected are 

decreasing, because of many competitors in the city. People now realizing the value of 

recyclables and are not that keen on donating as they were before. Several years ago when 

drop off center was newly opened Somarelang Tikologo collected other waste fractions such 

like paper and plastics as well, but they had to stop doing this due to recycling companies’ 

malfunction. They did not collect the material regularly, the bins were overflowing and it was 

a mess at the station.  

Right now people working for the NGO are approaching hotels and other commercial 

institutions for the cooperation to get used bottles and cans from their business to help raise 

the funds. They also have an idea to allocate waste bins with their NGO’s logo at some major 

hotels and other locations throughout Gaborone.  

  

Recycle-IT 

General manager Bethwell Salis salis@screenprint.co.bw; +26772100660 

Marketing & Public relations Khumo Prisca Molebatsi khumo@recycle-it.co.bw; 

+26774641784 

Recycle – IT is a South African based company operating in Botswana. They have been 10 

years in the business and their main interest is in paper(white paper, news papers), cardboard, 

plastic(clear and tinted), cans, mixed glass. There are 2 departures every week from their 

headquarters. Trucks deliver paper, cardboard and plastic to South Africa for recycling. The 

company process from 130 – 150 tons of card boxes per month, white paper amounts are 

about 60 tons, newsprint 90 – 100 tons, cans – 3 tons, glass bottles – 30 tons, plastic bottles – 

15 tons, plastic material around 35 tons/month. According to the staff the amounts are 

mailto:cfeledi@yahoo.com
mailto:salis@screenprint.co.bw
mailto:khumo@recycle-it.co.bw


 

 

increasing, because Botswana is developing rapidly. People have more purchasing power, 

thus more waste is generated, which leads to higher turnovers for the recycling industry.  

The company has 50 regular workers on site, who operate baling machines, load the trucks 

etc. They also have from 30 – 40 community workers, who collect recyclables in the city and 

landfills. The company considers expanding into other cities like Molepolole and 

Francistown. The main clients are: shopping malls, retail shops, schools. In addition, Recycle-

IT operates two drop off centers in Gaborone (one in Broadhurst industrial other at G-West 

industrial) where people can come and leave recyclables. Two other drop off centers are 

located in Lobatse and Molepolole. Few years ago Recyle-IT together with department of 

Waste Management and Pollution Control launched a waste segregation at source pilot project 

for schools. They delivered receptacles and pupils could sort waste into 9 fractions, this was 

hoped to educate pupils at school and spread the general awareness of waste sorting at source, 

however, the program had to be shut down in public schools because nobody showed interest. 

Even though, there have been clear signs showing how and what fractions to throw into 

allocated receptacles most of the pupils found it confusing or did not pay any attention and 

were mixing waste. Due to this reason the company withdrew from the project. Nevertheless, 

the project is still ongoing in private schools. According to Recycle-IT there the situation is 

much better and they are happy with private school cooperation.  

 

Skip Hire 

General manager Chris Simon chris@skiphire.co.bw ; +26771657020 

The main clients Skip Hire collect waste from are: 

1. Game City Shopping Complex 

2. Airport Junction Shopping Complex 

3. RiverWalk Shopping Complex 

4. Gaborone International Commerce Park. 

The company has not done any fraction/composition studies so there is no specific 

information. But all the waste that goes into a compactor truck can be classified as general 

waste, especially with a lot of wet waste from restaurants and supermarkets. Waste coming 

from Gaborone International Commerce Park is mainly paper, boxes, other general office 

waste.  
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B – Monthly statistics from Gamodubu landfill   



 

 

 



 

 

C – Research pictures  

 

Skips at University of Botswana 

 

Tractor skip carrier and compactor truck at University of Botswana 

 

Illegally dumped waste at the bus stop near the highway(left), scattered waste at the city 

center 



 

 

 

Illegally dumped waste and sign showing direction to rubble waste disposal site 

 

Trash left at the University of Botswana. This indicates the environmental awareness of the 

students at university. The waste receptacles are located closely, near the column (left picture) 

 

Baled paper and plastics (left), collected cans at the Recycle –it facility  

 

 



 

 

 

Waste incinerator at Gamodubu landfill(left), collected medical waste inside the incinerator  

 

 

 

 

 

 

 

 

 

 

 

Gamodubu landfill cell and smoke coming from the incinerator 

 

 

 

View at Pilane landfill (left), view at Ledumadumane - construction and demolition waste 

disposal site 


