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Abstract 

Electr(on)ic equipments possess parts and components with high economic value and 

environmental peril which prompts a potential need to assess the EEE’s management at EoL.       

E-waste management in developing countries is one of the least revised environmental topics. In 

recent times however the subject is getting research limelight from scholars. This study aims at 

enhancing the existing e-waste management practice in Gaborone, Botswana through systematic 

investigation of the current circulation, usage, handling and management of W(EEEs). Several 

stakeholders in the solid waste management system were interviewed and also an in situ (on the 

landfill) waste composition study was conducted in line with the aims and objectives of the 

research. The study finds that WEEEs do not have exclusively designed management structure in 

Gaborone and they rather flow source to sink usually blended with the general waste derived from 

the entire socio-economic activity. Waste composition study conducted on the landfill indicates a 

very low percentage composition (less than 1%) of WEEEs in the junk corresponding to 1.9 

kg/capita/year. Substantial amount of obsolete EEEs rather seem to linger in the socio-economic 

system until a capable tapping mechanism is installed. An integrated e-waste management system 

cored around public sensitisation and the novel phenomenon of Enhanced landfill mining which 

simultaneously offers time to consult developed countries for expertise on sustainable WEEE 

management is proposed. The impetus to close the linear flow of electr(on)ic materials remain with 

the government and a range of stakeholders/interest groups who seek to gain economic advantages 

and also trim down environmental implications from the circulating and landfilled W(EEEs).  
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1. Introduction 

Botswana has time and again been referred to as one of the great development success stories in 

Africa. From being one of the poorest countries in Africa as at independence, Botswana has 

managed to transform itself into the ranks of a middle income status nation; becoming one of the 

fastest growing economies in the world. This applaudable feet over the past forty years has rested 

strongly on the discovery and extraction of natural resources mainly diamond and an impressive 

track record of good governance. 

The existence of a coupling between living standards of a society and their per capita material 

consumption has long been established in research and in particular for developing countries. A 

higher living standard in Botswana has resulted in an increased patronage of electrical and 

electronic gadgets. The growing importance of Information and Communication Technology (ICT) 

in the global socio-economic domain coupled with falling prices of these equipments has also 

buttressed this phenomenon (Ramzy et al, 2008). The use of these equipments does not pose a 

daunting problem as does their rapid obsolescence and the challenge of their sustainable end of life 

treatment. These gadgets are rapidly turning into garbage due to their continually decreasing 

service lifetime (Sushant et al, 2010). This has been attributed to the constant increase and changes 

in functional capabilities and features of these equipment (Kang & Schoenung, 2005) and 

consumer agitation to gain better functionality and to keep pace with the latest technological 

innovation (Ramzy et al, 2008). Meanwhile the significant increase in e-waste has not been equally 

matched by growth in processes related to collection, reuse and recycling of these electr(on)ic 

devices globally (Ramzy et al, 2008). Their sustainable end-of-life treatment is a constant 

challenge because of their ever increasing quantum (Sushant et al, 2010); valuable and hazardous 

content and their inherent heterogeneity within and between various gadgets (Perrine & Susanne, 

2009). 

Botswana is believed to be harbouring a large stream of electr(on)ic equipments. The task remains 

a vivid critical overview of how such equipments are actually being managed when they turn into 

waste to identify potential sources for extended resource recovery and hence avoid pollution. 

Though it is believed a large portion of the e-waste is being landfilled, the possible activities of the 

informal recycling sector including scavengers and backyard recyclers cannot be ruled out. Their 

operations employ primitive tools and methods to recover saleable materials and components with 

little or no safeguards to human health and the environment (Manomaivibool, 2009). The activity 

of NGOs, illegal importation of e-waste and the complex relations between the typical significant 

actors in such a socio-economic segment is not comprehensively documented for the case of 

Botswana. Without proper end-of-life treatment, substances such as lead in solders, PVC in wire 

coating and or brominated flame retardants in plastics can dissipate into the environment and 

eventually into human bodies (Manomaivibool, 2009). Obsolete electrical and electronic devices 

such as mobile phones and computers contain precious metals such as gold, silver, iridium and a 
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range of other valuable materials such as plastics, ferrous metals among many others which are 

important to recover before considering landfilling. Accordingly, the current e-waste management 

system has both pollution and resource implications.  

1.1. Botswana country profile 

Botswana is a landlocked country located in southern Africa. It shares borders with South Africa to 

the south, Namibia to the west, Zambia and Zimbabwe to the north-east (Figure 1). It is a semi-arid 

country of 582,000 km
2
 in total area. The country is relatively flat, at roughly 900 metres above 

sea level. About two-thirds of the country (south west) is covered by the Kalahari Desert sands 

which are not suitable for agriculture. This attribute accounts for a varying population distribution 

nationwide. The national population which is estimated at 2,065,398 with a growth rate of 1.656% 

for 2011 (CIA World Factbook, 2011) is concentrated in the eastern part of the country (Figure 1). 

The entire country is mapped into nine districts and five town council administrative divisions. 

Gaborone, Francistown, Jwaneng, Lobatse and Selebi-Pikwe represent the town councils whiles 

Central, Ghanzi, Kgaladagi, Kgatleng, Kweneng, Northeast, Northwest, Southeast, Southern 

represent the districts. Gaborone, the capital of Botswana is located in the south-eastern part of the 

country along the border with South Africa.  

 

Figure 1: Botswana's location within Southern Africa (left) and its population distribution (right) 

(Source: Country report Botswana) 

Botswana has maintained one of the highest economic growth rates in Africa since independence 

on September 30, 1966. Through good democratic governance, peace, political stability and sound 

macroeconomic management (SIDA, 2008), the country has moved from being one of the poorest 

in the world to a middle income status with a per capita GDP of $13,100 in 2010 (CIA World 

Factbook, 2011). The nation has consequently been ranked by two major investment services as 

the best credit risk in Africa. The national economy is highly dependent on diamond mining; even 
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though tourism, financial services, subsistence farming and cattle rearing are also key contributors. 

Diamond mining currently accounts for more than one-third of the GDP, 70-80% of export 

earnings and about half of the government revenue (Country Report-Botswana). Official records 

peg unemployment at 7.5% in 2007 even though unofficial estimates place it closer to 40%. The 

country’s economic gain is threatened by the prevalence of HIV/AIDS which is the second highest 

in the world. The long term development prospects of the country are overshadowed by the 

expected leveling off in diamond mining within the next two decades (CIA World Factbook, 

2011). 

1.1.1. Gaborone city profile 

Gaborone lies just 15 km from the South African border to the east. The city has a total area of 190 

km
2
 and the population is estimated to be 218,000 as at 2008. Gaborone is mostly a well ordered 

series of neighbourhoods traversed by ring roads (Kent & Ikgopoleng, 2011). The predominant 

housing structure is detached, single story on large building plots. A central spine forms the 

commercial and industrial core of the city. This central core houses the city’s international 

commerce park, the central industrial estate and the central business districts. These includes 

among many others the headquarters of national and multi-national corporations, embassies of 

foreign governments, local government ministries and an international airport which is located 15 

km northeast of the city centre. The regional railway which carries only goods runs directly 

through this central enclave. There are no state owned urban transports. Public transport as a 

means of commuting the capital is frequent. Private car ownership is also largely evident, 

encouraged by the location of amenities such as shopping malls and new office buildings at the 

periphery of the city. Bicycle riding is a rare sight. 

Botswana has adopted a free market economy for national development. The reality of the 

situation however puts the government in a central role. The state plays a pivotal role in the 

economy through its partnership with Debswana in diamond mining, the provision of various sorts 

of housing infrastructure and the prominent role of various parastatals with both local and foreign 

investors (Kent & Ikgopoleng, 2011). This pivotal role of the government forms the backbone of 

Gaborone’s economy. Public administration and education is the main employer in the city’s 

economy. Government policy is yet to make an impact in manufacturing and construction share of 

employment which has fallen over time in the capital. The high dependence on diamond exports 

has led to a continuing strength in the trade-sector and new economy jobs such as financial and 

business services in the capital. A decline in the market performance of diamonds spells doom for 

a significant part of the city’s economy (Kent & Ikgopoleng, 2011). 

Botswana has identified four major environmental problems in its urban set-up. These are 

construction in marginal areas, water pollution and sanitation, improper waste management and 

increasing traffic (Country Report-Botswana). Urban Botswana including Gaborone has witnessed 

an increased generation of solid waste due to rapid economic growth, population increase, 

changing lifestyles and consumer habits (Country Report-Botswana). 
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1.2. EEE and WEEE 

Electrical and electronic equipment (EEE) is defined in the EU WEEE directive as ‘’equipment 

which is dependent on electric current or electromagnetic  fields in order to work properly and 

equipment for the generation, transfer and measurement of such currents and fields’’ (Perrine & 

Susanne, 2009).  

The precise definition of what is waste is seemingly trivial, but vitally important. The concept of 

waste and its definition is far from obvious. Among several other international bodies the UNEP 

defines waste as substances or objects, which are disposed of or are intended to be disposed of or 

are required to be disposed of by the provisions of the national law (Pongracz & Pohjola, 2004).  

There is no specific definition acceptable globally, which clearly defines e-waste as every country 

has its own definition. The most acceptable definition is of the EU WEEE Directive (Sushant et al, 

2010). It defines E-waste as ‘’Electrical or electronic equipment (EEE) which is waste including 

all components, sub-assemblies and consumables which are part of the product at the time of 

discarding’’. Alternative terminologies such as ‘e-scrap’ end-of-life (EoL) electrical and electronic 

equipment and waste electrical and electronic equipment (WEEE) are used synonymously for e-

waste. 

E-waste management entails special logistic requirements for collecting the e-waste from its 

generation source and transporting to the site for recovery and or disposal. E-waste requires special 

end-of-life treatment due to its hazardous and valuable content. E-waste management also entails 

the assigning of clearly defined physical and financial responsibilities to the actors involved in the 

product chain backed by possible legislative or economic incentives.  

1.3. Aims 

This thesis work presents a comprehensive overview on the current e-waste management practise 

in Gaborone, Botswana and systematically proposes a better e-waste management system. This 

proposal spans the entire e-waste management system from the generation through collection to 

end-treatment in an attempt to close the material flow cycles. This was accomplished through an 

empirical investigation of the product flow stream of e-waste in Gaborone and complemented with 

a critical literature review of state-of-the-art technology regarding sustainable e-waste management 

systems currently employed in developed countries. 

 

This thesis specifically aims to: 

 Study the circulation of EEEs in the socio-economy of Gaborone. 

 

 Analyze the generation of e-waste in Botswana and which types of discarded electronic 

gadgets that should be prioritized for recovery measures from environmental and economic 

perspectives. 
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 Investigate the present waste management practice for e-waste from a technical, legislative, 

economic and environmental perspective. 

 

 Propose a more sophisticated system for collection and treatment of e-waste in Botswana, 

taking both state-of-the-art knowledge regarding waste management as well as existing 

environmental, economic and institutional conditions into account. 

 

In order to achieve the above aims, the under listed research questions will be addressed. 

 

 How is the generation and composition of e-waste stream distributed at source level? 

 

 Who are the stakeholders in the current e-waste management practice, their activities and 

interactions with each other? What environmental implications does the existing e-waste 

management practice have? 

 

 What are the existing policy formulations and execution with regard to e-waste 

management?  

 

 How best can the functional features of sustainable e-waste management systems operating 

in developed countries be adopted to fit into the existing environmental, economic and 

institutional conditions of Botswana for a better e-waste management system? 

 

1.4. Scope and delimitation 

To meet the research aims and questions, theoretical principles from literature have to be 

reconciled with in-situ conditions on the field, the constraints of time and resource allocation. This 

is achieved through scoping the study boundary and components through limitations and 

definitions to clearly depict what the research work covers. 

 

The research work entertained in this report covers only the socio-economy of Gaborone, which is 

the administrative and economic powerhouse of Botswana. Findings therefore indicated here 

cannot be generalised for the entire country but could perhaps serve as good indicators.  

 

The term circulating stocks employed herein encompasses both functional EEE and obsolete EEE 

which are not in active service but still reside with the owner/holder within the socio-economy of 

Gaborone. The terminology WEEE is employed as obsolete EEE including its subcomponents 

which the current holder/owner is willing to discard because it can no longer satisfy his/her 

functional needs. 
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2. Theoretical framework 

2.1. Linear material flows (cradle-to-grave) 

Researchers, governments and the general public are increasingly becoming aware of the 

environmental damage associated with the large and growing material through-put associated with 

modern industrial society (O'Rourke, Connelly, & Koshland, 1996). A welcoming response to this 

challenge is the approach of Industrial Ecology (IE). IE represents a shift from the conventional 

end-of-pipe pollution control methods to a holistic approach for sustainable society development. 

A component under the umbrella of IE is closing linear material flows to re-direct resources 

destined for disposal back into the production cycle. 

Electr(on)ic product flow as an integral of modern socio-economic activities has recently received 

increased attention within the research framework of IE (Kahhat et al,2008, Ramzy et al, 2008 

Manomaivibool, 2009, Oguchi et al, 2008). This has more often than not been aimed at identifying 

which product streams should be targeted for recovery (closing the material flows) and hence 

mitigating environmental pollution from typical cradle-to-grave consumption. Ultimately these are 

part of a holistic approach to better manage this product group throughout their life cycle towards a 

sustainable society. 

The daunting challenge of the 21
st
 century has been the advancement in technological capacity, 

coupled with population growth and economic advancement which have resulted in a linear 

momentous (cradle-to-grave) flow of resources from and waste into nature. This behaviour 

assumes a one-way linear flow of materials. Raw materials are extracted from the environment, 

processed into products and eventually disposed of at their end of life. Electr(on)ic waste 

discarding in municipal solid waste streams has been increasing steadily. It could even be the 

fastest growing waste stream in the United States (Kahhat et al, 2008) in the UK (Ongondo et al, 

2010). It accounts for 8% of municipal solid waste in the EU and up to 2% in developing countries 

(UNEP, 2009). Economic and geographic variations notwithstanding, it is estimated that 20-50 

million tonnes of e-waste is discarded globally per year (Ongondo et al, 2010). The table below 

presents electr(on)ic waste generated in selected countries. 

Table 1: E-waste generation in selected countries. Adapted from (Nnorom & Osibanjo, 2008) 

Country Year tons/yr    kg/capita/yr Country Year  tons/yr kg/capita/yr 

Germany 2005 1,100,000   13.34  Denmark 1997 118,000  22.33 

UK  1998 915,000      15.64        Canada  2005 67,000  2.07 

USA  2000 2,158,490   7.65  Norway  1995 144,000  33.03 

Taiwan  2003 14,036        0.62  Finland  2003 120,000  23.02 

Thailand  2003 60,000        0.93  Sweden  - 110,000  - 
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2.2. Closing the material flows (Cradle-to-Cradle) 

The shift from the conventional linear consumption of materials to cyclical material flows entails a 

critical core issue of eco-effectiveness. In eco-effectiveness the idea of waste is entirely eliminated. 

Rather the system is modelled on the successful interdependence and regenerative productivity of 

natural systems. All outputs from one process become inputs for another. Materials should be 

recovered and re-used in the production cycle. The aim is not to minimise linear material flows but 

to generate cyclical, cradle-to-cradle metabolisms that enable materials to maintain their states as 

useful resources and even accumulate intelligence over time by eliminating undesirable substances 

and ultimately redesigning products considering how they may optimally satisfy their intended 

needs whiles concurrently supporting ecological and social systems (Braungart, McDonough, & 

Bollinger, 2007). This inherently generates a synergistic coupling between ecological and 

economic systems with social benefits. 

 

Figure 2: Material flows in the context of intelligent materials pooling community 

Source: (Braungart, McDonough, & Bollinger, 2007) 

The concept of intelligent materials pooling illustrates how eco-effectiveness might take shape in 

reality. As can be seen in figure 2 above, it is a framework for co-operation among economic 

stakeholders within a societal material metabolism which allows materials to assume a continuous 

cyclical flow. As described by Braungart, McDonough, & Bollinger, 2007, the core of this system 

is a materials bank (ideally owned by the actor responsible for end-of-life reprocessing of the 

material) which leases materials to production companies in the form of a service scheme who in-

turn transforms them into products for consumers on a service basis. At their end-of-life, the 
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materials are recovered back to the material bank and then into the production cycle. This 

generates a continuous cyclical flow in which intelligence relating to a particular material can be 

gathered over time. The material thus maintains or even improves in value (up cycling) and 

productivity as a resource over time. 

2.3. Extended producer responsibility 

Reconciling the above discussed approaches in specific to the product category of electr(on)ics, 

closing the materials loops has practically been achieved through extended producer responsibility 

in most developed countries. 

Extended Producer Responsibility (EPR) as a policy instrument was first proposed by Thomas 

Lindhqvist in 1988 and formerly introduced by the Swedish Ministry of Environment in 1990. In 

his words, ‘EPR is an environmental protection strategy to reach an environmental objective of a 

decreased total impact from a product, by making the manufacturer of the product responsible for 

the entire life cycle of the product and specifically for the take back, recycling and final disposal of 

the product. The EPR is implemented through administrative, economics and informative 

instruments’. The composition of these instruments determines the precise form which an EPR 

takes on a particular product category and or country context (Lindhqvist, 2000) cited in (Sinha, 

2004). 

The producer is considered as the actor with the best knowledge and technical capability about his 

or her product and thus apportioned the responsibility to make changes both upstream and 

downstream the product life cycle to sustainably handle the product. 

Four principal goals remain paramount in the EPR approach as stated by the OECD. These are: 

 Source reduction (natural resource conservation) 

 Waste prevention 

 Design of more environmentally compatible products 

 Closure of material loops to promote sustainable development 

The concepts and approaches which have been discussed above puts this thesis work into existing 

research and academic framework and also buttress the findings of this study.  
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3. Literature review 

The current level of research works and scientific understandings in the field of electronic waste 

management both in developed and developing countries is briefly discussed in this section.  

Presented here also include the philosophical cohesions and confrontations among scholars to 

tackle the challenges of electr(on)ic waste. This is to addresses the discourse of research activities 

in the field and to contextualise the thesis work into an already identified research gap.  

3.1. E-waste management in developed countries 

Several literatures expound that various management approaches are being practiced in the 

developed world to tackle the problems of electr(on)ic waste. Switzerland, as the first country 

globally to establish a formal e-waste recycling system, employs a legal and operational 

framework which is based on the Extended Producer Responsibility (EPR) model. This system 

places physical and financial responsibility on the producer/manufacturer or importers for 

environmentally sound handling, recycling and disposal of electr(on)ic materials at EoL (Wath et 

al, 2010). Likewise, the e-waste management system in South Korea operates under the EPR law 

(Yoon & Jang, 2006). At the level of European Union, 25 member states have adopted a number of 

community level regulations related to e-waste with the intention to preserve, protect and improve 

the quality of the environment, protect human health and utilize natural resources effectively 

(Kahhat et al, 2008). The WEEE Directive (Directive 2002/96/EC) also requires manufacturers 

and importers in the European Union member states to take back their products from consumers 

and ensure that they are disposed of using environmentally sound methods (Widmer et al, 2005).  

Not many countries have managed to develop an organised collection, segregation, recycling, 

disposal and monitoring systems with relatively higher environmental merits for the entire e-waste 

generated. Rather, sustainable management of the increasing e-waste generation remains a 

conundrum. A research conducted by Kahhat et al, 2008 in the United States between 2003 and 

2005 indicates, about 80-85% of e-waste ready for EoL treatment ended up in landfills. In another 

case, Dimitrakakis et al, 2009 reported that some consumers in Germany still dispose their e-waste 

with regular household waste. E-waste management remains a top priority in developed economies 

like the EU but there have been reports of widespread export to developing countries (Ongondo et 

al, 2010). According to Dimitrakakis et al, 2009 gaps in the law, for example, has allowed large 

quantities of e-waste declared for recycling to be shipped to developing economies like India, 

China and Nigeria.  
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3.2. E-waste management in developing countries 

Most developing countries on the contrary fall short of a solid waste management system that 

minds the challenges and hazards of poor e-waste handling. According to Mundada, Kumar, & 

Shekdar, 2004 cited in Nnorom & Osibanjo, 2007, most developing countries do not have both the 

necessary infrastructures and effective legislation to avert the hazards that emerge from poor e-

waste management. Rather, the prominent method of e-waste handling in developing countries 

involve low-end treatment methods such as backyard recycling, open dump disposal, disposal in 

water bodies and open burning (Furter, 2004) cited in (Nnorom & Osibanjo, 2007). These in many 

instances stem from the lack of recycling and recovery infrastructures or, as witnessed in some 

cases, a weak environmental policy among many other varying in-situ conditions.  

The general level of research work and scientific understandings about e-waste handling and 

management is low in developing countries. Nnorom & Osibanjo, 2007 indicated that South Africa 

is the only country to have a well established e-waste recycling data registration system in Africa 

and the availability of such data in all the rest countries is scarce. As limited the understanding in 

these countries as it is, the main problem remain a less progressive action to implement the 

available research outputs. Basically, the e-waste stream in developing countries originate from 

two distinct sources; local generation and importation of second hand electronic materials from the 

developed nations in the name of ‘bridging the digital divide’. Particularly the latter is adding 

much to the existing challenge of e-waste management developing nations since much of this 

imported second hand electronic materials soon reach the height of their designed service life and 

get discarded. In some cases, these imported second hand electr(on)ics are totally dysfunctional. 

For example BAN 2005 noticed that about 25-75% of the imported second hand computers to 

Nigeria are unusable junk. The setting up an effective and sustainable e-waste management 

systems in developing countries yet seem far-flung.  

3.3. Road map for a better e-waste management 

Regardless of the variation in volume and extent of scholarly understandings about e-waste in the 

global spectrum, the need to advance existing handling and management methods is evidently 

emphasized by most researchers. Apparently, the developing nations have to build their capacities 

on subjects like e-waste management and at least follow the footsteps of the developed world as 

part of their effort to achieve sustainability. Countries with a good track of e-waste management 

needs to continually improve their existing systems and methods towards perfection.  

The Basel Convention and SteP (Stopping the e-waste Problem), initiated by the United Nations, 

are among the global efforts intended to tackle e-waste problems worldwide. These schemes 

utilizes mechanisms such as banning the trans-boundary movement of hazardous materials and 

creating knowledge and information exchanging platform on waste electronic and electrical 

equipments among others.  
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At national level, several researchers are devising sophisticated approaches distinctly designed to 

suit the challenges and cultures of e-waste handling in their countries. Kahhat et al, 2008 propose 

e-waste management system for the United States which ensures proper end-of-life treatment 

while establishing a competitive market for reuse and recycle at the same time. The proposed 

framework is termed ‘e-Market for Returned Deposit’ and integrates the utilization of RFID 

(Radio-Frequency Identification Device) technology implanted in new electr(on)ic products and 

the existing cyber infrastructure to reclaim used/obsolete electr(on)ic materials back to recycling 

centres. Similarly, other research efforts in developing countries suggest a different approach to 

beef up the existing e-waste management practise in these countries. Nnorom & Osibanjo, 2007 

emphasizes on a need to take lesson from Thailand, which has enacted a restriction on the 

importation of used electr(on)ic appliances, to lessen the existing challenges of e-waste in 

developing countries.  The authors also suggest establishing extensive recovery systems, which 

includes value-added, material and energy recovery, and imposing economic policies such as 

Advanced Recycling Fee (ARF) on both new and used electronic appliances. While, provided the 

current state of used electr(on)ic materials movement particularly from developed to the 

developing world, Gwebu & Batsumi, 2006 underscore the need to implement EPR system to 

tackle the challenges of e-waste in developing countries. However, Kojima, 2005 questions the 

practicality of implementing EPR systems in developing countries for reasons such as difficulty in 

collection of waste equipments from rural communities that have low rate of appliance penetration 

and also the very existence of informal recycling activities that snatch a share of the e-waste.  

  



12 
 

4. Materials and Methods 

A detailed description of materials and methods used for data collection and analysis is entertained 

here. Both qualitative and quantitative data sets with relevance to addressing the research 

objectives were sought-after. Whiles, interpretation and analysis of the collected data was mainly 

done in consultation with means of measurements and materials such as existing standards, 

databases, environmental & legal documents.  

4.1. Exploring the solid waste management system  

Obtaining a clear picture of the entire solid waste management practice in Gaborone stood at the 

forefront of the general research activities. At this point, invaluable information was acquired from 

scientific studies conducted in developing countries in general and Botswana in particular. At 

times, research findings from another developing country were carefully utilized to represent the 

situation in Botswana since most system operations among developing nations exhibit some degree 

of resemblance. Hence, literatures had played an important role to gain an overview on the flow of 

solid waste and WEEE in Gaborone.  Several stakeholders that belonged to the government and 

private sector were also identified and interviewed in an effort to understand their role in the solid 

waste management structure generally and e-waste management practice in specific. Gaborone city 

council, Department of Waste Management and Pollution Control, and Department of 

Environmental Affairs were contacted from the government side. The role of the private sector in 

the waste management system was also represented by studying Collect-a-Can, Simply Recycle 

and Somarelang Tikologo. Apart from a man to man interview sessions, research outputs and 

operational guide books of the identified stakeholders were also revised and consulted to claim 

stronger knowledge base about the company’s activities in the solid and e-waste management 

practices and also assess its conformance to existing environmental legislations. 

4.2. Studying circulation and management practice of W(EEEs)  

This task aimed at tracking the flow of electr(on)ic equipments across stakeholders that span from 

importation of electr(on)ics to the city system up until and including the point where the 

equipments become obsolete and waste.  

The need to understand and quantify the EEE circulation has called for administration of a flow 

analysis theory. In this case, a product flow analysis, whereby the product system initially 

comprised a broad-spectrum of electr(on)ic equipments, was planned and the main system 

components identified. A list of questionnaires that focused on mapping the arterial flow routes of 

electr(on)ics in the city was prepared and spread to 91 major electr(on)ic equipment importers and 

distributors via e-mail. Though, only a single interviewee responded to the questionnaires and 

scantily, proving the need to set up other method of interviewing and change the initially planned 

product flow analysis. Hence, a streamlined product flow analysis, which included only a handful 

of stakeholders, was performed. The product system was also narrowed to computers (includes 

desktop computers with mouse, monitor & keyboard and laptops) and printers. Figure 3 below 
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illustrates the system components and product flow lines within and across the boundaries of the 

studied system. The studied system lay within the socio-economy of Gaborone & was used to just 

exemplify the circulation, usage and handling of W(EEEs) in the metropolis. As shown in the 

figure below, only few elements of the principal system components (i.e. Suppliers/dealers and 

Consumers) were studied. Acquisition of the needed information rested on a door to door data 

collection method where all the studied system components were contacted in person. The four 

EEE suppliers studied to exemplify the inflow and distribution of computers and printers in the 

city system were Ultimate solutions, SAH private limited company, Modi investments (a take back 

centre for Hewlett-Packard products) and Omni Africa. Representatives from University of 

Botswana and Barclays along with few individuals were also interviewed to represent the usage 

and handling culture of EEEs in general and the studied product system in particular in the 

consumer sector. The interviews made with identified stakeholders in the solid waste management 

system were also used in conjunction to explain the management practices of WEEEs. 
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Figure 3: Flow of computers and printers within the studied system 
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4.3. Quantification and characterization of e-waste at landfill  

The undertaking of this specific task was a joint mission with another group of students working 

on household waste management. In principle, the WEEE composition study at the landfill should 

consider both e-waste streams shown in the solid flow network, i.e. separately transported e-waste 

and those jumbled with other waste. However, no vehicle solely carrying electr(on)ic waste 

showed up during our 8 days of study period at the landfill. Further discussion with the 

weighbridge operators and review of the waste log sheet kept by the landfill operator also revealed 

that arrival of pure electr(on)ic waste to the landfill was very rare occurrence. Therefore, the waste 

composition study could not embrace the pure e-waste stream coming to the landfill. Nevertheless, 

an attempt was made to visually examine the quantity and compositions of WEEEs already piled 

with metals at the metal scrap yard in the landfill. 

Waste sampling and composition study activity was conducted at Gamodubu landfill for 8 

consecutive days starting on the 6
th

 May 2011. An incoming load of waste was chosen for 

composition study based on cargo size and point/area of waste collection identified with the help 

of weighbridge operators and the vehicle driver. A suitable vehicle was then classified as a mother 

sample carrier and directed to dump its freight on a tarpaulin covered ground at the sorting site. 

The inflated number of waste carrier clients arriving at the landfill however made the selection of a 

non-variant load of mother samples unattainable.  

In this study, a mother sample represented the total weight of waste load from a randomly selected 

vehicle for sorting purpose. Whereas, a sorting sample was a 100 kg weighing waste sampled out 

from a mother sample. Theory of convergence was used to determine the n
o
 of both mother & 

sorting samples. This theory contends that no more sorting samples need be taken once the 

composition of the various waste components within the previously taken samples is found 

consistent. Sharma & McBean (2006) based on their experience, suggested a minimum of 10 

sorting samples per stratum to get past the initial instability of the waste components. The authors 

also indicated the costliness of taking a large number of sorting samples. In reconciliation, the in-

situ conditions such as the late and unpredictable arrival of waste collection vehicles on the 

landfill, the distraction in landfill operations and the time taken to set up and decommission the 

sorting station everyday have influenced the decision to practicality sort only 600kgs of waste 

from each of the four stratums. 

The waste collection system in Gaborone possessed stratified pattern based on socio-economic 

activities of the city. As a result, four waste stratums; household, commercial, industrial and other 

waste (from institutions, national parks etc) were identified in the composition study. In general, 8 

vehicle loads of waste (mother samples), 2 from each of the four identified waste stratums was 

analysed during the study period. A 100 kg weighing sorting sample, taken three times from each 

mother sample, was sorted into 10 primary categories as paper, food, textile, rubber, glass, soil, 

wood, garden, plastics and electr(on)ic wastes.  
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A list of equipments and well established methods listed here under were followed in the presented 

sequence to undertake the real time sampling and composition study. At this stage, the theoretical 

values including sample size and n
o
 of mother and sorting samples established above have been 

utilized.  

 

i. A safe working (sorting) area near the landfill was chosen and the ground was surfaced 

with tarpaulin. 

 

ii. A vehicle (carrying the mother sample) was selected randomly based on the sample 

selection method mentioned above and diverted to the sorting area to unload the waste on 

the prepared ground. 

 

iii. The unloaded mother sample was mixed and levelled into an elongated pile with front 

bucket loader and shovels. (This helped fairly distribute the various waste components in 

the mother sample). The elongated mother sample was then divided into 3 equal portions.  

 

iv. 100 kgs of sorting sample was taken from each of the three divided portions of the 

mother sample. The total amount of sorting sample taken from a mother sample hence 

added to 300 kg.    

 

v. The sorting sample was then placed on a sorting table and sorted into 10 primary 

categories. Classification of the sorting sample among primary and secondary waste 

categories was done on the basis of chosen ‘end-of-life’ treatment method and function of 

the product during its life time respectively. 

 

vi. Once the sample was sorted among the different primary and secondary categories, the 

weight of primary category waste components, the number of various types of secondary 

category e-waste components and also the weight of individual WEEEs were measured 

and counted. 
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4.4. Data interpretation and analysis  

Essentially, realization process of this research work used factual findings from various sources of 

information including literatures, interviews with selected stakeholders and an in situ waste 

composition study at the landfill. Each data set was then interpreted and analysed with regard to 

the objective of the research work. 

The results of interview made with selected actors and stakeholders of the solid waste management 

system was chewed over to gain a basic understanding of how the management system operated, 

determine the role of individual stakeholders in the general solid waste flow network and also track 

the flow routes of waste electr(on)ic equipments.  

Alongside, values obtained from in situ waste composition study was extrapolated to annual scale 

and employed for evaluating the potential of recovering WEEEs from the landfill. The existing 

waste registration system at the weighbridge was instrumental in determining the amount of junk 

arriving at the landfill everyday. A 7 days data on the amount of waste arriving at the landfill was 

collected and the average amount of waste coming from the four identified sources calculated. The 

average quantity of waste hauled to the landfill in a single day was then multiplied by the number 

of days in a year to obtain the total amount of waste coming from the four sectors annually. 

Percentage composition of the WEEEs was used together with the estimated total amount of junk 

arriving at the landfill to obtain the annual amount of e-waste dumped on the landfill. The 

estimation process however did not consider the seasonal variation in waste generation, downtime 

of the landfill for miscellaneous reasons and other factors.  

The likelihood for WEEEs recovery was assessed from obtainable economic incentives and 

environmental benefits perspectives. In practical terms, this was justified through examining the 

amount of high economic value metals and hazardous materials contained in the products. Here, a 

standard set by EU WEEE directive was used to classify the list of WEEEs into certain categories. 

The potential reserve of precious metals and hazardous substances contained in the WEEE 

categories was adopted from the EMPA – Swiss Federal Laboratories for Materials Science and 

Technology and used as an indicator to measure the economic benefits and avoidable 

environmental perils from the recovery. The proposed state-of-the-art e-waste management system 

utterly used the information acquired throughout the study process and blended the cultural, 

technical, legislative and economic background of the city with some functional elements of well 

established systems to ensure viability and practicality of the new system.  
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5. Results 

5.1.  Current solid waste management in Gaborone 

Two government bodies are generally responsible for solid waste management in Gaborone. These 

are the ministry of Environment, Wildlife and Tourism (represented by department of 

Environmental Affairs and the department of Waste Management and Pollution Control and the 

local government (represented by the Gaborone city council). WMPC outlines waste management 

policies and legislations. This department also checks the effectiveness of the waste collection, 

transportation and disposal activity executed by the city council. The city council executes waste 

collection on household plots and enforces the waste management policies and regulations on all 

other non-household facilities. Their operation is financed by the government through the ministry 

of finance.  

5.1.1.  Waste generation and collection 

Individual citizens (households) present domestic waste in three general categories for collection. 

These are general waste, garden waste and soil. The general waste is generated from day-to-day 

household activities. This waste is a mixture of organic components such as kitchen waste, paper 

litter, as well as inorganic components such as glass bottles, cans and plastics. Individuals living in 

family houses use polythene bags or plastic containers to collect their waste which they make 

available to the city council during collection days. Those living in apartments or collective 

housing have garbage containers into which they can discharge their generated waste. The city 

council collects the general waste for free. The garden waste which is made of biomass such as 

tree branches, twigs, dead leaves is placed outside the homes for collection by the council at a fee 

of 400 Pula per 7 ton track. The city council also collects waste soil from households at a fee of 

500 Pula per 7 ton track. In practise the city council collects the waste once or twice a week. All 

the waste collected by the city council is sent to the Gamodubu landfill (as depicted in figure 4) 

which is located about 35km from Gaborone city centre. There is no segregation of the collected 

waste because there are no formal recycling facilities in Gaborone, the city council does not have 

enough functioning vehicle capacity to collect individually separated waste (on the average 6-9 

vehicles out of the total 27 fleet function mechanically in a week) and there is no transfer station in 

the entire waste management system. In the case of electr(on)ic waste the city council has 

instructed households to transport such waste to the landfill  themselves because currently there is 

no available infrastructure for their treatment. The landfill also does not have any treatment facility 

to handle this waste category so they are just piling them up currently.  
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Figure 4: Solid waste flow network in Gaborone 
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Apart from households all other socio-economic units (shopping malls, restaurants, banks, 

government ministries, schools etc) have the responsibility of collecting their own waste. The 

collection of waste in these sectors is normally contracted to registered private waste 

collection companies at a fee (figure 5). The city council supervises to make sure that the 

waste is properly collected and disposed. Five general categories of waste exist in this cluster. 

These are general waste, garden waste, clinical waste, building rubbles and soil. In terms of 

content the general and garden waste generated in these socio-economic sectors is to a large 

extent similar to those from individual households. The waste collected from building sites is 

made up of sand, dirt, bricks and rubble and is reusable as cover material for the landfill. On 

the other hand clinical waste generated from medical facilities is discharged by the institution 

according to the nature and condition of the waste. Non cutting waste such as cotton wool 

and bandage and placed in red-coloured special plastic bags. Sharp cutting objects such as 

syringes and needles are concealed in special plastic containers to prevent human contact 

during handling. The clinical waste is collected by the city council with special vehicles to 

the incinerator located on the landfill. This applies only in the case of government owned 

medical facilities. 

 
 

Figure 5: Waste collection at commercial centres by private companies 

5.1.2.  Waste recovery activities 

The field interviews and observations indicate that there are no formal material and energy 

recycling plants in Gaborone. There are rather some material recovery activities by some 

companies in the socio-economic set-up of Gaborone. They recover materials both from the 

city and landfill. The main resource materials currently recovered include glass bottles, steel 

cans, paper, plastics and metal scraps from vehicles. These materials are exported to South 

Africa and or Zimbabwe for recycling. For example, Collect-A-Can a company in Gaborone 

buys and collects steel cans from both the city and landfill. They welcome cans from all 

walks of society including individuals, private entrepreneurs, charity groups, schools, 

environmental associations. They have agents almost throughout the entire country that buy 

cans from individuals at 0.42 Pula per Kg and deliver it to the company for 1 Pula per Kg. 

The company pays the utilities avoided cost to the collector. This represents the cost for the 

disposal of the collected can by an alternative means such as land filling which would have 
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been paid by the city council. The company after receiving these cans crashes them into bales 

as seen in figure 6 below and export all of it to South Africa for complete material recycling. 

The company has future plans to improve their collection performance through three main 

initiatives. They plan to introduce drop off machines for the cans in the main cities, buy back 

centres in the remote areas and also a transfer station for the collected waste in Gaborone to 

be sorted.  

 

Figure 6: Recovered (left) and pelletized (right) steel cans at Collect-A-Can 

In the case of waste paper recovery, Dumatau trading company located in Gaborone started 

collecting recyclable paper since 2000. The company also collects plastics materials both 

from the city and the landfill. The entire material collected is baled and exported to South 

Africa for recycling. A company called Simply recycle which was established in Gaborone in 

2007 is into plastic waste materials. The company currently collects, cleans and recycles 

LDPE, HDPE and LLDPE into pellets (see figure 7 below) which are exported to South 

Africa as raw material into other plastic manufacturing companies. The total monthly average 

collection of this category of materials is 45-50 tons. The company also collect PET and 

polypropylene which it compresses and sends to South Africa and sometimes to Malawi and 

Namibia for processing. The company has workers on the landfill who collect these materials 

and are paid a fee based on the quantity. The company also has containers located at vantage 

points in the city such as shopping malls and wholesale outlets for collection of plastics. The 

company has acquired machinery to process the pellets into refuse bags and containers in the 

eminent future. With the challenge of raw material input the company is planning to expand 

their collection base to other major towns located within a 100 km radius from Gaborone.  
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Figure 7: Recovered (left) and pelletized (right) plastics at Simply Recycle 

The role of NGOs is also vibrant in the city’s waste management system. Somarelang 

Tikologo (Botswana Environmental Watch) is an NGO in Gaborone which was founded in 

1992 and focuses on four main areas of operation. These are natural resource conservation, 

waste management, environmental planning and public relation and fundraising. In concern 

to waste management they hold workshops and educate locals to raise awareness about waste 

as a resource whiles protecting the environment. This awareness activity is also through the 

education of the locals on the content of the national waste management act.  The NGO itself 

operates a public drop-off centre (see figure 8 below) for glass bottles, plastic bottles, waste 

paper and cans for free. The collected materials such as the cans, plastics and waste paper are 

later on sold to their respective recovery companies in Gaborone. In the case of the glass 

bottles which are in the order of about 58 tons per month it is exported to South Africa for 

recycling. The NGO has initiatives to increase their collection performance through public 

awareness creation through the media outlets. The outlet has plans to go into awareness 

creation about hazardous waste categories specifically from electr(on)ic sources in the near 

future.  

 

Figure 8: Recovered glass bottles at Somarelang Tikologo 
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5.1.3.  Landfilling 

A new regional landfill (Gamodubu landfill) which was commissioned in 2009 is currently 

servicing Gaborone and two other autonomous municipalities (Kweneng and Tlokweng). The 

landfill is owned and operated by the Kweneng district council. The landfill which has a total 

of 76 ha in land area has 5 cells and is estimated to operate for 20 years. On site facilities 

include a weighbridge, workshops, leachate pond, clinical waste incinerator an office 

building and a parking lot. Each cell is 1.5m deep and has drainage pipes which lead to the 

leachate pond. The waste is dumped and can be mounted as high as 5m above the ground and 

covered with soil and compacted. The facility is not open to informal scavenging. The only 

scavengers seen on site are those working for various recovery companies. They recover 

plastics, paper, tyres, metal scraps, cans and bottles.  

5.2.  Circulation and management practice of W(EEEs) in Gaborone 

Electr(on)ic materials are increasingly establishing foothold in the social and economic 

activities of Gaborone. Apparently, as the consumption of these equipments rise, so does the 

unavoidable generation of faulty and obsolete materials. Regardless, apart from a sporadic 

attempt by some companies, government offices and individuals to better handle their e-

waste, there is no yet an orchestrated effort applied to manage the inevitably higher 

generation of e-waste in the future.    

5.2.1. Inflow and distribution of EEEs  

To date, there is hardly any single manufacturing plant in Botswana involved in production of 

EEEs. This makes the nation a gross importer of the equipments to meet its consumption 

demand. However in Gaborone, assembly workshops, local & international dealers and 

outlets of electr(on)ic products are existent in sufficient number and discharge the import 

distribute responsibility.  These shops are mostly clustered at the Gaborone Commerce Park 

but one can also find them in the shopping malls situated at vantage points throughout the 

city.    

The four studied EEE suppliers and/or dealers (i.e. Ultimate solutions, SAH private limited 

company, Modi investments (a take back centre for Hewlett-Packard products) and Omni 

Africa) primarily trade ICT equipments with the largest share being desktop computers, 

laptops and printers. These suppliers import solely new products from manufacturing 

facilities in the neighbouring South Africa or elsewhere in Asia, Europe or the Americas. In 

any case however, chunk of these products enter Gaborone through South Africa by train and 

freight cars. Despite the variation in import quantity and stock availability, brands such as HP 

(Hewlett-Packard), Dell, Acer, Samsung and Philips are traded in a large scale in these shops. 

The unparalleled performance, speed and versatility of EEEs, particularly computers in doing 

a task are obviously expanding the consumer domain. In Gaborone today, more and more 

components of the socio-economic activity are introducing electr(on)ic equipments in their 

day to day activities. This study nonetheless classifies the city wide EEEs consumer group 

into three distinct classes as Governmental organizations, Private companies and Individuals.  
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As shown in table 2 below, interview result with the four studied EEE suppliers indicate that 

the weighted distribution of desktop computers among the three consumer class is 46%, 34% 

and 20% in favour of Governmental organizations, Private companies and Individuals 

respectively. While for laptop computers, the flow again favours governmental organizations 

and private companies over individuals with 43%, 33% and 24% rate of distribution. Printing 

machines have the highest flow proportions to private companies followed by government 

and individuals with shares of 48%, 35% and 17% correspondingly. By large, the aggregate 

flow of desktop computers, Laptops and printers is highest to Governmental organisations 

followed by private companies and individuals. 

Table 2: Weighted percentage distribution of computers and printers among the three 

consumer groups 

 

5.2.2.  Generation and collection of WEEEs   

As can be seen in the solid waste flow network, electr(on)ic waste is produced from the entire 

consumer sector despite the variation in volume and composition.  

Consumer class – Individuals 

The residential (household) sector mainly gives off waste home appliances such as stoves, 

refrigerators, TV sets, Radios, DVD players, hair dryers, and irons among others. As in most 

developing countries, electr(on)ic equipments are highly valued by their owners in Gaborone. 

Therefore, chances are the equipments serve over and over again beyond their designed 

service life in the homes. At the inevitable disposal stage however, the individual originator is 

expected to administer end-treatment for his/her e-waste. Unlike other solid waste, the 

responsibility of the city council remains only ensuring a proper EoL treatment of the WEEEs 

by the originator. Accordingly, some individuals employ private waste collection companies 

to collect their electr(on)ic waste while others transport it to Gamodubu landfill themselves. 

Electronic 

Equipments 
Suppliers 

Total number 

of units 

purchased 

(units per year) 

Distribution to consumers (%) 

Governmental 

Organizations 

Private 

Companies 
Individuals 

Desktop 

Computers 

SAH computers 120   100 

Modi Investments 2000 50 35 15 

Omni 480 60 20 20 

Ultimate Solutions 200 - 80 20 

Weighted distribution (%) 46 34 20 

Laptop 

Computers 

SAH computers 150 - - 100 

Modi Investments 500 60 30 10 

Omni 300 50 40 10 

Ultimate Solutions 100 - 80 20 

Weighted distribution (%) 43 33 24 

Printers 

SAH computers 70 - - 100 

Modi Investments 700 43 50 7 

Omni 180 40 40 20 

Ultimate Solutions 100 - 80 20 

Weighted distribution (%) 35 48 17 
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However, some quantity of small sized WEEE’s also make their way to Gamodubu landfill 

muddled with the general waste carried by the city council trucks.  

At home level, computers are consumed at a relatively higher quantity than printers. Unlike 

the government and most private sectors, this consumer class acquire EEEs through donation 

from friends and relatives or procurement of either used and/or new products depending on 

the individual’s financial capability.  The understanding gained at this stage is that large share 

of computers and printers remain circulating and stored in the individual consumer sector 

despite archaic and cannot serve their designated functions anymore. 

The remaining socio-economic sectors generate pronounced portion of the total waste 

electr(on)ic equipments. The commonest composition of e-waste from these sectors 

comprises ICT equipments, batteries, lamps etc.   Like the household sector, some companies 

and organizations employ private waste collection companies for disposing their e-waste 

while others simply carry it to Gamodubu landfill themselves.  

Result on the generation and collection of waste computers and printers emanating from the 

three studied consumer classes seem to indicate that every class take a unique path when it 

comes to usage, handling and disposal of the studied product system. The culture of 

governmental organizations and private companies is exemplified by the following case 

studies.       

Consumer class – Governmental Organizations  

This consumer class basically constitutes ministry offices, parastatal organizations, public 

service providers and enterprises that are owned, financed and administered by the state. 

Study output of the four suppliers, unrepresentative as it is though, indicates that the 

government organizations/offices absorb the largest share of computers and second largest 

share of printers. Inspection of state owned academic centre (University of Botswana) 

provides an overview of the culture of handling and usage of the studied product system in 

governmental organizations. 

University of Botswana (UB), the biggest research and academic institution in the country, is 

among the leading consumers of computers and printers in Gaborone. The institution acquires 

most of its electr(on)ic gadgets brand new through local suppliers and dealers. Currently, in 

excess of 3000 desktop computers alone serve the academic and research environment.  

Despite its ambitious plan to retire and replace each computer after 3 years of service, there 

are now around 500 very old computers serving the research and education environment. The 

department of Information Technology takes the upkeep and maintenance responsibility of 

the equipments. At retirement, the university follows a list of preferences for eliminating the 

equipments. Selling the equipment to the person who has been using it in the office is the 

primary preference followed by auction to the university community and disposal. The school 

has established a ‘disposal committee’ that works on safe disposal of all electr(on)ic waste. 

Usually, the committee hires a South African company to ship and safely dispose waste 

computer and printer products in South Africa. Yet, as of the time this study is conducted, 
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there is an undisclosed amount of used computers and printers in the school’s depository 

waiting to be disposed.  

Consumer class – Private Companies (The case of Barclays) 

Barclays, a global banking and financial services company, operates in vast scale all over 

Botswana and is studied as a case to demonstrate circulation of the studied product system in 

the private consumer sector. 

Similar to the government sector, corporate Barclays throughout Botswana purchases only 

new ICT equipment from authorised dealers. For the first two quarters of the year 2011 the 

institution has taken delivery of about 300 desktop computers to boost their functional stock. 

The corporate body also has an ambitious policy to replace all ICT equipment specifically 

computers after three years of service. This has not been strictly adhered to due to financial 

constraints and the useful life remaining in these equipments after three years of service. 

Currently there are around 300 laptops, 1000 desktop computers and 250 printers operational 

throughout Barclays Botswana.  

With the issue of WEEE handling, they abide by the data retention policy which mandates 

them to keep banking records for a certain period of time. As per that, they have recovered 

about 150 hard drives into storage since the program begun about a year ago. The computers 

are then refurbished with new hard drives and auctioned to the general public or donated to 

schools. Those which are beyond repairs are being stored in an archive pending proper end of 

life treatment. 

5.2.3.  Recovery of faulty and waste EEEs 

The majority of electr(on)ic waste recovery activities in Gaborone take an informal and 

disorganized form. Local repair shops remain the main restoration hub for faulty or otherwise 

waste elect(on)ic equipments generated from the ménages and low level commercial shops. 

These repair shops, some indoor and others on the street, are conveniently situated around the 

commercial centres and enable cyclic usage of EEEs by their owners. In other case, these 

same shops purchase dysfunctional/obsolete electr(on)ic equipments through their informal 

agents. The purchased equipments are either used as spare part or get fixed and sold back in 

the market. Swapping functional parts of faulty equipments and replacement with new parts 

are the common techniques of restoration employed in the repair shops. Figure 9 on the next 

page illustrates the repair and recovery activities of electr(on)ics in the street and indoor 

repair shops. 
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The Computer Refurbishment Project (CRP) seem to be the only formally organized 

electr(on)ic equipment restorer  there is in Gaborone. This project was initiated by the 

government for reclamation and restoration of used/obsolete ICT equipments streaming out 

from governmental offices, private companies and individuals. Since its launch in 2008, the 

project has acquired more than 12000 ICT equipments (mostly computers) from various 

governmental offices, out of which 2000 computers are repaired and supplied back to 200 

primary schools throughout the country. As can be seen in figure 10 below, large quantity of 

computers and printers, mostly dysfunctional and irreparable, have been accumulating at the 

projects ware house since operation began.  Like the local repair shops around the city, the 

CRP also employs swapping of functional parts of faulty equipments and/or purchase new 

parts for the reparation task.  

  

 

5.2.4.  End-treatment of WEEEs 

There is no single company/organization that operates any form of waste electr(on)ic 

materials recycling activity in Botswana. The nearest thing to recycling being practiced in 

Gaborone is selling the WEEEs to recyclers in the neighbouring South Africa and Zimbabwe. 

Most corporate offices and high level governmental organizations/offices are the prominent 

Figure 9: Cell Phone repairer on the streets of Gaborone (left), indoor electr(on)ics repair 

shops (right) 

Figure 10: Hibernating computers at the Computer Refurbishment Project's ware house in BTV 
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practitioners of this method. The CRC also works with the foreign recyclers to ‘safely’ 

dispose its irreparable ICT equipments.  

When it comes to individual owners, this study finds that disposal/landfilling of EEEs is a 

rare choice for a number of reasons discussed above, the prominent one’s being the fact that 

the city council require the individuals to take care of their WEEEs and also the high values 

the individuals offer for the equipments even at dysfunctional state. In extreme cases 

however, some city residents are observed practicing uncommon disposal methods by taking 

the WEEEs to the repair shops and never fetch back.   

Usually, WEEEs leave the consumer’s hand in a state of temporary dysfunction or total 

obsolescence. Some consumers also retire well-functioning equipments and cast them off for 

exclusive and private reasons. Despite the rationale behind the disposal, all sort of 

electr(on)ic equipments usually join road for the commonest solid waste treatment method 

practiced in the city, i.e. Landfilling. Gamodubu landfill rather remains readily available for 

most individuals, companies and organizations in the city to dispose their electr(on)ic waste.  

5.3. Electr(on)ic waste composition studies at Landfill 

5.3.1. Operational overview of the study site 

In Gaborone, flow of materials usually takes a linear form across the supply-consumption 

chain and dissolves in Gamodubu landfill at EoL. At the landfill, the inflowing waste is 

weighed and directed to the respective dumping cells classified as Domestic, Garden, 

Medical, Tyres, Scrap metal and Soil wastes. Apart from the medical waste, all other classes 

are either buried in a prepared ground hole or piled on surface at their designated locations. 

The medical waste however is incinerated in a controlled manner to guarantee safer disposal, 

given the hazardousness of the waste. The landfill classifies the waste influx from 

households, industries, commercial centres and institutions altogether as domestic waste and 

buries them at a shallow dug ground before covering it with soil. On the contrary, tyres, scrap 

metals, garden and soil waste, when delivered separately, are simply piled up at a designated 

locale within the landfill. WEEEs arrive at the landfill mainly in two forms: either jumbled 

with the total junk or, as in rare cases, are carried separately. In the later case, the e-waste is 

dumped together with the scrap metals in a demarcated location and can vividly be witnessed 

in the pile.  Figure 11 below provides a glimpse of the operational activities of the landfill. 

At the time of this study, the landfill has more than 350 registered waste carrier clients 

transporting waste from Gaborone and satellite towns. The clients range from individual 

companies and institutions, private waste collection companies to city council(s). Predictably, 

waste carrying capacities of the clients therefore vary significantly.  
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Figure 11: Vehicles of diverse cargo size dumping waste loads (left) and High voltage 

electric cables piled with scrap metals (right) 

5.3.2. Composition of WEEEs in the landfilled waste 

Visual inspection of the separately transported e-waste stream at the landfill reveals that 

waste refrigerators, high voltage electric cables, computers and old model electr(on)ic 

equipments such as a mechanical typewriter dominate the waste pile, at least on the surface. 

Most of these waste electr(on)ic equipments are rusty and decaying. Figure 11 (above, right) 

shows one side of the open pile where high voltage electric cables are heaped together with 

scrap metals.  

As already identified and depicted in the solid waste flow network, the present-day waste 

transportation to Gamodubu landfill exhibits a stratified pattern which is based on the socio-

economic structure of the city. Household, commercial and industrial wastes usually arrive at 

the landfill separately. On the contrary, waste materials originating from other components of 

the socio-economic structure are mostly transported collectively. This study classifies the 

collectively transported waste materials as other waste. Table 3 below shows the quantity of 

initial sorting samples taken from the four waste stratums and the distribution across the 

primary categories. The loss amount indicated in the table accounts for weight variance 

between the initial sorting sample and addendum of the 10 sorted waste categories. This 

variation in weight between the initial and final waste sample is caused by the dry and windy 

environment at the sorting site together with human error.  

The WEEE composition of the waste from household is 0.79%. Paper, textile, leather and 

rubber are the most abundant waste categories with an aggregate percentage composition of 

34.7% of the total amount commercial waste arriving at the landfill. The commercial waste 

has the third highest e-waste composition by percentage weight of the total amount at 0.66% 

next to Industrial and household waste. Alike the commercial waste, the predominant set up 

of waste materials in the industrial waste include paper, textile, leather and rubber waste 

accounting for a combined 47.79% of the total waste from the sector. The percentage by 

weight composition of WEEEs of the industrial waste is 0.97% and rank atop the other three 

waste sources. The remainder socio-economic components together are mostly composed of 
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food, wood and garden waste and falls behind the other three waste sources in percentage 

composition of WEEEs. 

Table 3: Composition by weight of primary waste categories 

 

As can be seen in Table 4 and Figure 12 below, the ratio of WEEEs ending up at Gamodubu 

landfill is very small as compared to other waste categories. Food, Garden and wood waste 

constitute the largest share of household waste at a collective percentage composition of 45% 

of the total amount dumped on the landfill from the sector.  

Table 4: Weighted percentage composition of the primary waste categories 

 

The WEEEs obtained from the initial waste composition study are further classified into 

secondary category as large household appliances, small household appliances, ICT and 

consumer electronics, and lamps based on the definition by EU WEEE directive 2002/96/EC 

with a focus on recovery of the waste electr(on)ic materials discussed in the forthcoming 

discussion part. The Appendix shows the list and secondary categorization of waste 

electr(on)ic materials gained from the composition study of each of the four waste types. 

Primary waste 

category 

Waste composition by weight  (kg) 

House hold 

waste 

Commercial 

Waste 

Industrial 

Waste 
Other waste 

1st  

Vehicle 

2nd 

Vehicle 

1st 

Vehicle 

2nd 

Vehicle 

1st 

Vehicle 

2nd 

Vehicle 

1st 

Vehicle 

2nd 

Vehicle 

Initial weight of 

sorting sample 
306.60 295.10 301.90 306.55 293.36 280.00 289.45 282.86 

Paper, Textile, 

Leather & Rubber 

waste 

91.80 70.25 93.65 117.50 135.05 139 80.95 57.55 

Food, soil, wood & 

Garden waste 
126.70 147.10 92.35 90.40 88.85 27.70 117.45 164.90 

Plastic, Metal & 

Glass 
76.80 65.95 99.60 88.10 54.60 96.70 84.80 56.10 

Electr(on)ic waste 1.11 3.69 2.01 2.07 2.65 2.95 0.11 0.27 

Loss 10.19 8.11 14.29 8.48 12.21 13.65 6.14 4.04 

Primary waste 

category 

Waste composition by percentage (weighted average %) 

House hold 

waste 

 

Commercial 

Waste 

 

Industrial 

Waste 

 

Other waste 

type 

 

Paper, Textile, Leather 

& Rubber waste 

26.93 34.70 47.79 24.20 

Food, Wood & Garden 

waste 

45.50 30.03 20.32 49.33 

Plastic, Metal & Glass 23.70 30.84 26.38 24.61 
Electr(on)ic waste 0.79 0.66 0.97 0.06 
Loss 3.08 3.77 4.54 1.80 
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Figure 12: Comparison of WEEEs distribution amongst the four types of waste stratum 

5.3.3.  Estimation of WEEEs landfilled annually  

It is already implied that arrival of WEEEs at Gamodubu landfill take two forms. The total 

quantity of e-waste arriving at the landfill is therefore the addendum of the two waste 

streams. Since the quantitative waste composition study did not address the separately 

arriving e-waste stream for the reasons already mentioned, estimation of the total quantity of 

WEEEs that is being land filled annually embrace only the waste stream arriving jumbled 

altogether with the total junk. 

As shown in Table 5 below, the household sector contributes the biggest share of WEEEs 

ending up on the landfill followed by commercial and industrial sectors. Waste coming from 

the other sources altogether contributes the least amount of e-waste disposed at the landfill 

site annually.  

Table 5: Estimated quantity of WEEE at the landfill per annum 

Waste Type 

Estimated annual 

amount of junk 

(tonnes) 

Percentage 

composition of 

WEEEs (%) 

 

Estimated annual 

amount of WEEEs 

(tonnes) 

 

Household waste 35726.3 0.79 282.2 
Commercial Waste 18801.6 0.66 124.1 
Industrial Waste 1364.7 0.97 13.2 
Other waste type 6880.8 0.06 4.1 

Total amount of WEEEs on the landfill 423.6 

0%

100%

House Hold 
waste

Commercial 
waste

Industrial 
waste

Other waste 
type

Loss

Electr(on)ic waste

Plastic, Metal & Glass waste

Food, Wood & Garden waste

Paper, Textile, Leather & 
Rubber Waste
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6. Discussions and analysis 

6.1. Challenges of current e-waste management practise 

6.1.1.  Lack of a framework for WEEE management 

Currently there is no specific policy or structured framework for managing WEEE in 

Botswana. This includes the lack of a national database on amounts generated and a clear cut 

definition for this waste category. Rather, available is a lumped genre called ‘hazardous 

waste’ which is defined as ‘controlled waste which has the potential, even in low 

concentrations, to have significant adverse effect on public health or the environment on 

account of its inherent chemical and physical characteristics, such as toxic, ignitable, 

corrosive, carcinogenic or other properties’ (Waste Management Act,1998). In this regard, 

the general guidelines for hazardous waste management are extended to take care of WEEE. 

This includes the regulation on the trans-boundary movement of hazardous waste stipulated 

in the Basel convention to which Botswana is a party. There is also a stipulation for the 

separation of hazardous waste from other types of waste in its collection, transport, treatment 

and disposal (Waste Management Act,1998). Field observations indicate that only medical 

waste is collected, transported and separately disposed of in an incinerator on the landfill. 

This observation and the fact that some individuals dispose WEEE as general waste suggest a 

lax enforcement of the undertaking on hazardous waste management.  

 

The in-situ management of WEEE is thus closely tied to general solid waste management. 

The challenges in the entire system are thus passed down to WEEE management. Relevant 

among them is the mixing of generated waste at source and the practise of land filling all 

collected waste. This practise potentially has negative resource recovery implications as well 

as other environmental pollution issues such as methane leakage and groundwater 

contamination. It must also be stressed that the challenge of shortage of land reserved for land 

filling is a major concern in countries with fast growing economies such as Botswana 

(Ketlogetswe & Mothudi, 2005). In a matter of fact all waste being land filled could have 

been sorted for material and or energy recovery. This is not taking place due to a planned 

transfer station which is yet to materialise, the lack of formal recycling facilities to take care 

of separated waste categories and the under capacity of the city council to collect source 

separated waste. The distance of the current landfill which is 35 km from the city centre also 

has a telling effect on the mechanical and collection efficiency of the vehicles. The same 

vehicles which collect the waste from the houses transport it to the landfill. This has resulted 

in the persistent breakdown of waste collection vehicles owned by the city council. This 

reduces the collection time and increases the collection and transportation cost to the landfill.   

Already facing resource constraints and struggling to keep pace with municipal solid was 

generation a dedicated WEEE service such as collection, transportation and treatment might 

be a tough challenge for the city council in the interim. 

 

6.1.2. Lack of general awareness 

The community level awareness of WEEE both a hazardous and resource potential and thus 

should be treated as such is generally low. The can be seen in the individual culture of 

handling WEEE. Discussions made with some locals indicate simply mixing of WEEE with 
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the general waste as a means of disposal. The individuals talked to were particularly 

interested in the functionality of the equipment and not its end of life implications. This was 

evident in discussions made with some mobile phone repairers who were only interested in 

recovery at the component level which is closely linked to the functionality of the 

component. Apart from this, they did not see any value or hazard associated with the end-of-

life of the WEEE. This peculiar interest in functionality was also displayed in the fact that 

people still cherish and store their obsolete EEE at home hoping to find another use or user 

for it. To some extent the lack of vivid evidence of active scavenging of this obsolete 

equipment can partly be attributed to the lack of awareness. The scavengers are not aware of 

valuable material and energy content of these WEEE products. This behaviour can also be 

largely attributed to the lack of an active market for e-scrap as compared to the availability of 

a ready market for paper, metal scraps cans, plastics and bottles.  

 

6.1.3.  Lack of a formal recycling facility 

EEE is put on the market in Botswana either as a brand new or second hand product. These 

are imported by retailers in the country who have trade connections with manufacturers and 

or wholesalers outside the country. As at the moment there is no record of a local 

manufacturer of any such equipment. This deficit in technical capacity is also observed in the 

end-of-life treatment of this equipment. Currently there are no formal recycling facilities 

located in Botswana to recover material and or energy from WEEE. This can be attributed to 

the fact that WEEE is a new category of waste stream and data and technical capacity on it is 

poorly developed in Botswana. In the sub-region, it is in South Africa that there exists a 

formal material recycling facility for WEEE. All the material recovery companies 

interviewed in the city of Gaborone indicated no desire to diversify their operations to cover 

areas such as WEEE recycling or even recovery. This they attributed to lack of technical 

capability and also their satisfaction in their current line of operation.  

 

6.2.  Strengths of the current e-waste management practise 

6.2.1. Proactive measures 

Some proactive measures have been observed which point towards a sustainable WEEEs 

management in the future. Significant among them include the fact that the Basel convention 

is being strictly adhered to and there is no import on WEEEs into Botswana on record. In 

addition the government and parastatal such as the University of Botswana purchase and 

accept only new IT equipment. The corporate level consumers are aware of the dangers of 

disposing their electr(on)ics as general waste. This can be seen clearly in efforts being made 

by the government to currently store the obsolete products, refurbish the ones useful as 

donations to primary schools and trying to strike a deal in South Africa to take care of the 

non-functional equipment. In the case of the University of Botswana, they take approaches 

such as temporary storage, auctions and donations which extend the useful life of the product. 

This is also a form of empowerment for the receivers who without these undertaking could 

not be able to afford such facilities. The culture of storage of obsolete electr(on)ics also 

points to a potential WEEE accumulation in the urban environment which can be recovered 

in the near future. The storage of WEEE in households and elsewhere in the urban 
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environment delays the potential outflow to the landfill and thus affords Gaborone the luxury 

of time to develop a fully fletched functional recycling system. This also saves to some extent 

landfill space and could extend its life span if this culture is widespread among the consumers 

and can be captured through an effective recycling policy. 

  

Being a party to international conventions such as the Basel Convention and the availability 

of local regulations on hazardous waste can serve as a stepping stone to delve into policy 

formulation specifically for WEEE. Roles and responsibilities in the current waste 

management system are clearly defined among the various actors. Participation mandates all 

stakeholders to be part of all efforts in waste management. Involvement is made by the 

government, NGO’s, private sector and the community. With a good ‘in-house’ organisation 

serving as a platform what should be striven for is the necessary resource and knowledge 

sharing between Botswana and developed countries particularly in relation to technological 

capacity and the development of a fully fletched sustainable e-waste management system. 

This is a good opportunity for developed countries with capabilities to handle waste streams 

such as WEEE to venture into the country and or sub-region. 

 

6.2.2. Refurbishment activities 

Gaborone has an active sector for repair, reconditioning and component re-use of EEE. This 

can be seen in the city centre where individuals operate mobile phone, computer and general 

electronic repair shops. The refurbished equipment can be seen in shops on sale at a reduced 

price compared to brand new. There is also trade-in-schemes for such EEE equipment. This 

sector is vibrant and effective partly due to low wages which makes operands able to 

disassemble to the minute level. There is also a high degree of collaboration between actors 

in this circle of semi-formal refurbishment. This is through the exchange of ideas and 

components for repair. There is also the culture of refurbishment with the government and 

parastatal such as the University of Botswana. The government has a computer refurbishment 

program which repairs computers and later donates them to primary schools. The same 

applies to UB. The idea and activity of refurbishment for re-use is generally superior to 

material recycling in the sense that the material and energy embodied in the components are 

retained (Manomaivibool, 2009). The product is also consequently given a longer operating 

life which optimises the raw material and energy input. A challenge here is rather how non-

functioning components are simply disposed in the general waste by the semi-formal 

repairers due to a lack of alternative EoL treatment options. The skills which these actors 

have can be incorporated with little or no training into future disassembly plants for material 

and or energy recovery.  

6.2.3. Some recovery activities 

Already evident in Gaborone is the regulated activity of small to medium scale material 

recovery. This lies in waste categories such as paper, plastics, cans, tyres, metal scraps and 

bottles. Though these recovery activities are rather small or to a large extent not impressive in 

comparison to the amounts of waste recovery achievements made in countries with 

sophisticated waste management systems such as Sweden where WEEE generation stands at 

110,000 tonnes against 423.6 tonnes landfilled annually in Gaborone. This practise can 

provide learning and leaping platform to delve into other waste categories such as WEEE. 
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This stems from the fact that some recoverers are already using approaches such as deposit 

refund and or advanced recovery fee which are being employed in many developed countries 

to handle WEEE. The activity of regulated scavenging can also be extended to WEEE once 

there is the availability of a formal facility to take care of such a waste category and also the 

awareness of economic value to the scavengers. The activity of separate clinical waste 

collection, transportation and incineration can provide some guidance and experience into 

WEEE handling. 

6.3.  Recovery analysis of WEEEs at the landfill 

The waste composition study unveils that a large sum of obsolete electr(on)ic materials is 

dumped and buried at Gamodubu landfill annually. Evidently, electr(on)ic equipments enter 

the city system at the expense of high foreign currency leaving an impediment to the  

economic growth. Closing the current linear electr(on)ic material flow and using ‘the most 

out of it’ is therefore a leap forward towards at least exploiting the economic effort invested 

on the equipment. Landfilling waste electr(on)ic equipments is also a signpost of ecological 

degradation in terms of resource depletion and, at times, environmental pollution. The 

possibility of recovering obsolete electr(on)ic materials from the landfill and hence closing 

the current linear flow of electr(on)ic materials from source to sink is hashed out here.  

The recovery analysis is made on the basis of potential economic and environmental merits 

that can be gained from recovering the WEEEs arriving at the landfill. The list of WEEEs 

obtained from the composition study belong to 4 of the 10 electr(on)ic equipment classes 

designated by EU WEEE directive 2002/96/EC. The directive also provides the material 

composition of the designated electr(on)ic equipment classes. Precious metal content of the 

electr(on)ic equipments is used as an economic indicative measurement for prioritizing the 

secondary WEEE categories indicated in the appendix. Congruently, the environmental base 

line for prioritizing the recovery of secondary WEEE categories is solely based on the 

amount/level of hazardous materials that can be avoided from the landfill through recovery of 

the four WEEE categories.   

6.3.1.  Prioritizing the WEEE categories for recovery – Economic perspective 

Copper and aluminium are amongst the widely used metals in manufacturing parts and 

components of electr(on)ic equipments. These metals also have high economic value and are 

used in this study as standard of value for ranking recoverability of the secondary WEEE 

categories obtained from the waste composition study. This economic perspective analysis 

for recovery is merely based on an indicative economic potential accumulated by the two 

metals in the WEEEs in the landfill and therefore does not address the technical practicality 

and economic viability of actual metal extraction from the landfill, if need be done. Table 6 

shows composition of Copper and Aluminium for four classes of electr(on)ic equipments. 
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Table 6: Percentage composition for Copper and Aluminium Source: (EMPA) 

Material 
Percentage composition by weight (%) 

Large household 

appliances 

Small household 

appliances 

ICT and consumer 

electronics 
Lamps 

Copper 12 17 4 0.22 

Aluminium 14 9.3 5 14 

 

The percentage composition of both copper and aluminium is plotted against the estimated 

amount of e-waste ending up at the landfill for the four secondary WEEE categories. Figure 

13 shows that the aggregate amount of copper that can be extracted from the small house hold 

appliances disposed at the landfill exceed the other three e-waste categories. ICT and 

consumer electr(on)ics and lamps rank the second and third highest reservoirs of copper 

amongst the total WEEEs arriving at the landfill. With the existing trend of WEEE categories 

arriving at the landfill, targeting small household appliances for copper extraction, if planned, 

is a plausible approach followed by ICT and consumer electr(on)ics and lamps. 

 

Figure 13: Percentage by weight Copper content Vs annual quantity of WEEEs landfilled 

Likewise, small household electr(on)ic appliances accumulate the largest share of aluminium 

as compared to the other WEEE categories as can be seen in figure 14. Aluminium 

accumulation for the other three WEEE categories also follow the same trend as copper.  

The collective abundance of copper and aluminium in the small household electr(on)ic 

appliances arriving at the landfill place it atop the other three waste categories for recovery if 

higher economic gain is focus point.  Next suitable categories include ICT and consumer 

electr(on)ics and lamps respectively. However, it seems economic indicators imply the 

impracticality of targeting large house hold appliances for recovery at all due to a near zero 

quantity of the waste category ending up at the landfill.  
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Figure 14: Percentage by weight Aluminium content Vs annual quantity of WEEEs landfilled 

6.3.2. Prioritizing the WEEE categories for recovery – Environmental perspective 

Apart from metals with high economic value such as copper, the material make up of 

electr(on)ic equipments also include substances with hazardous nature. Landfilling of 

WEEEs poses a prospect of environmental pollution through leakage and emission of the 

hazardous substances to natural resources. This phenomenon adds to the urge of closing the 

linear electr(on)ic material flow and/or implies a need to ramp up the technology of 

landfilling WEEEs in order to avoid the potential risks on the environment and human health.  

The ranking of secondary WEEE categories arriving at Gamodubu landfill is assessed by 

focusing on the lead and Mercury content of the e-waste categories. Lead and Mercury are 

widely used and yet highly hazardous materials used in components and parts of electr(on)ic 

equipments. The lead and mercury percentage composition of the four WEEE categories as 

provided by EMPA- Swiss Federal Laboratories for Materials Science and Technology is 

presented in the table below.  

Table 7: Percentage by weight composition of Lead and Mercury Source (EMPA) 

Material 
Percentage composition by weight (%) 

Large household 

appliances 

Small household 

appliances 

ICT and consumer 

electronics 
Lamps 

Lead 1.6 0.57 0.29 0 

Mercury 0 0 0 0.02 

 

The percentage by weight composition of both lead and mercury is plotted versus the annual 

amount of WEEEs arriving at the landfill for the four secondary WEEE categories. As can be 

seen in figure 15, the small household appliances contain the largest quantity of lead as 

compared to all the other secondary WEEE categories arriving at the landfill. Recovery of 

small household appliances is therefore best choice amongst the other WEEE categories to 

reduce the potential environmental pollution from the accumulated lead in the waste 

electr(on)ic materials arriving at the landfill. ICT and consumer electr(on)ics contain the 

second largest quantity of lead and can be ranked as the second best category for recovery to 
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reduce environmental pollution from lead. The other two WEEE categories literally do not 

pose any treat to the environment for the total quantity of lead contained in them is zero.  

 

Figure 15: Percentage by weight Lead content Vs annual quantity of WEEEs landfilled 

As can be seen in figure 16, the environmental pollution from mercury is high for the lamps 

and remains null for the other three waste categories. Under circumstances where leakage of 

mercury to the environment is a threat, recovery of lamps will be the finest option to reduce 

the problem. The near zero occurrence of large household appliances at the landfill make 

recovery of the waste category impractical from pollution reduction viewpoint.  

 

Figure 16: Percentage by weight Mercury content Vs annual quantity of WEEEs landfilled 
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6.4.  Better e-waste management system 

A critical reading of literature regarding how WEEE is handled in developed countries serves 

as the point of departure. Although a system may appear to be successful in one country, this 

does not necessarily guarantee the success in another country. Moreover these systems might 

not be the most sustainable approaches for WEEE management. 

Developing a better WEEE management system for Gaborone requires a vivid understanding 

of the complete picture regarding the socio-cultural and economic context within which the 

product flow occurs. This spans across the current (W)EEE management system from the 

producers(manufacturers, distributors, importers), users(private and professional consumers), 

authorities(government, state agencies, local authorities) to the waste managers(waste 

collectors, dismantlers, recyclers) and their interrelations as has already been presented in the 

results and discussions sections of this report. 

For a complete sustainable WEEE management system the financial, physical and 

informative responsibilities must be comprehensively defined among the various actors: 

producers, authorities, users, and waste managers based on their capabilities and role in the 

material metabolism. 

In this regard, it must be clearly stated that the proposed better WEEE management system is 

an incremental innovate of the existing practise in Gaborone; to lay the necessary ground 

work to get hold of the ‘low hanging fruits’. It is not an end in itself but a means to a 

sustainable end. Some specific recommendations are made for consideration by the 

appropriate authority(ies) and essential steps towards sustainable WEEE management 

proposed. 

6.4.1. System operation 

Based on the discussions above in-line with the strengths and weaknesses of the current 

WEEE management practise the proposed better WEEE management system is to begin as an 

initiative of the government. This is due to its responsibility for waste management and its 

pivotal role in socio-economic development. This could perhaps begin with an active 

awareness creation on e-waste both as a hazard and potential resource. This could be 

incorporated in the activities of the NGOs and through information dissemination activities of 

media outlets available throughout the city. This is to strictly advice the population to desist 

from mixing their e-waste with the general waste destined for the landfill. This will generate 

hibernating stocks in the urban environment which could be recovered later on and offer 

some time for developing a fully fletched WEEE management system before extracting the 

hibernating stocks. As has been already discussed in the results section, those individuals and 

or companies who transport their e-waste exclusively to the landfill should be instructed to 

deposit it at a demarcated location (Enhanced Landfill mining). In this instance the landfill is 

no longer considered the final disposal but as a temporary storage place awaiting future 

recovery. This offers the opportunity to select the most suitable moment in time to recycle 

certain waste streams, depending for instance on the state of available technology or those 

which show a potential to be recycled effectively in the near future. Such a practise will make 

it possible to extract these resources once a suitable recycling system has been developed. 
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The time needed to implement the above measure would offer some buffer time for the 

government to extend its hand to developed countries such as Sweden with already 

established recycling systems to offer expertise through consultations which can be applied to 

the context of Gaborone and for that matter Botswana. With this in-place, the government 

should play an active role to review the Waste Management Act with laws and regulations 

specifically towards WEEE definition, collection and EoL treatment and also to establish a 

national WEEE management unit to develop a comprehensive long term sustainable WEEE 

management strategy. 

Potential sources of challenges with the improvements discussed above include the fact that 

the population of Gaborone and for that matter Botswana is not a critical mass and even at 

full saturation with the current WEEE generation rate a recycling facility solely for the city 

could be sub-optimised in terms of raw material input and potential market for recycled 

products. This is also depicted in the scale of operation of the recovery companies 

interviewed in the city. They operate a lean production capacity partly attributed to the 

availability and collection of raw materials. In order for the Enhanced Landfill Mining (ELM) 

to be a success, apart from state-of-the-art technology which has to be imported, socio-

economic barriers need to be overcome. Currently a crude form of such practise (ELM) is 

being offered on the landfill, where a demarcated land space is being used for a lumped 

category of metals including car parts, electric cables, electronics, and tyres among others. 

There is the need to fully develop this crude approach to take into consideration the quality of 

recovered material which might require the building of infrastructure to protect the material 

from the perils of the harsh environment. There is also some level of scavenging for metal 

parts in this section of the landfill and could possibly pose a competition to a formal recycling 

facility if a market for WEEE is discovered. On the other hand this could evolve into 

reinforcement when this scavenging is directed into the recycling facility and the skills and 

expertise of local repairers available in the city employed to create a coupling between the 

grey and formal market and mitigate the potential fear of losing jobs in this active sector. 

These will need to consider regulations, societal acceptance, economic uncertainty and 

feasibility. 

As has already been stipulated this design is a means to sustainability and not an end in itself. 

Thus it is open for continuous improvement. Until a time when the local in-situ conditions 

and capabilities are ready for a fully fletched Extended Producer Responsibility or any other 

sustainable WEEE management system, ‘half a loaf will be better than none’. 
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7. Conclusions and Recommendations 

The findings presented in this report comprehensively document the WEEE material flow 

from the socio-economy of Gaborone ending up on the landfill. The main conclusions and 

recommendations of the thesis work can be seen in italics below.  

It is now clear that the existing solid waste management system in Gaborone is steered by a 

wide range of actors from the government, private business and individual sectors. This 

system may be hailed as kudos in the eyes of most developing nations. However there still 

exist loopholes that keep the system’s environmental and economic efficiency low. The very 

existence of myriad waste carriers itself is a recipe for disorganization and thus leaves 

monitoring the waste collection and transportation process impractical. The city council has 

to limit the number of waste carrier clients to its monitoring capacity. And again it should 

also strive to expand the waste collection and transportation service to the city parts that do 

not get it in order to revamp its environmental and hence societal health guardianship.  

Waste electr(on)ic materials stem from almost every component of the socio-economy of 

Gaborone. The generation of WEEEs is non-linearly distributed across the sources in terms of 

type and quantity. The e-waste stream entering the general solid waste flow network is also 

narrow in comparison to remaining constituents of the junk. Obsolete electr(on)ic materials 

are rather accumulating in the socio-economic system. These facts altogether imply the need 

to focus on building an integrated e-waste management system, such as the one proposed in 

this study. This way, the lingering ecological implications of accumulating waste electr(on)ic 

equipments in the society and on the landfill can be reduced. Salvaging the waste electr(on)ic 

equipments also provides economic gain at individual and national level.  

An essential extension to this research work which will give an exhaustive picture of the 

WEEE metabolism will be to conduct a complete product flow analysis in the urban 

environment of Gaborone. This could possibly be conducted by or in collaboration with the 

local government authorities inferring from the difficulty the researchers encountered in 

trying to source information from distributors. The product flow analysis could employ other 

methods such as delay models with lifespan distribution, mass-balance and other econometric 

methods employing information such as income, number of households, penetration rate and 

price index as opposed to the face-to-face interview approach employed in this research. 

For the recovery analysis, there should be further studies to characterise sampled WEEE to 

document the in-situ content of precious and hazardous materials. This will make the picture 

more precise and robust on which category of products to target for recovery in Gaborone. 

There is also the requirement to research into the various available end treatment 

technologies to determine which one(es) could operate optimally in Gaborone considering 

critical resources to recover and the WEEE categories in which they occur reconciled with 

economic, environmental and social performance indicators. 
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9. Appendix   

Waste 

stratum 

Secondary e-waste category 

Type 

of 

e-waste 

Pcs 

Unit 

weight 

(kg) 

Total 

weight 

(kg) 

Category 

based on 

EU 

Aggregate 

weight 

(kg) 

House hold 

Waste 

Battery 1 0.20 0.20 

ICT and 

Consumer 

electronics 

4.80 

Medium size battery 1 0.15 0.15 

Small size battery 1 0.10 0.10 

AAA size battery 1 0.02 0.02 

Sound cord 1 0.01 0.01 

Electric cable 1 0.02 0.02 

Power Adapter 1 0.05 0.05 

Electric torch light 1 0.10 0.10 

Circuit board 2 0.02 0.04 

Earpiece 1 0.01 0.01 

Electric plug 1 0.35 0.35 

Sound speaker 1 0.15 0.15 

Internet adapter 1 0.05 0.05 

Antenna 1 0.20 0.20 

Bulb 1 0.75 0.75 Lamps 

Electric cooker 1 1.75 1.75 Small 

household 

appliances  
Electric Iron 1 0.85 0.85 

Commercial 

waste 

Electronic toy 1 0.45 0.45 SHA 

4.08 

Electric heating element 1 1.45 1.45 

ICT and 

Consumer 

electronics 

Power adapter 1 0.05 0.05 

Very small size battery 1 0.01 0.01 

Very small size battery  1 0.05 0.05 

Wireless internet adapter 1 0.15 0.15 

Power adapter 2 0.45 0.90 

Printer cartridge 1 0.65 0.65 

Computer RAM 1 0.05 0.05 

Earpiece 1 0.01 0.01 

Electric cable 1 0.01 0.01 

Small size printer cartridge 1 0.15 0.15 

Memory card reader 1 0.01 0.01 

Electric charger 1 0.02 0.02 

Electric plug 1 0.02 0.02 

Floppy disk 1 0.10 0.10 

Industrial 

waste 

Printer cartridge 1 1.10 1.10 

ICT and 

Consumer 

electronics 

5.6 

Small size printer cartridge 2 0.70 1.40 

Power plug 1 0.10 0.10 

Small size battery 1 0.10 0.10 

Power plug 1 0.20 0.20 

Toaster 1 1.35 1.35 
SHA 

Coffee machine sub-component 1 1.20 1.20 

Electric bulb 1 0.05 0.05 
Lamps 

Electric bulb 1 0.10 0.10 

Other waste 

category 

Cell phone battery 1 0.02 0.02 

ICT and 

Consumer 

electronics 
0.38 

Small size cell phone battery 2 0.01 0.02 

Electronic calculator 1 0.10 0.10 

AAA size battery 6 0.02 0.12 

Earpiece 1 0.02 0.02 

Light bulb 1 0.10 0.10 Lamps 

List of electr(on)ics discovered from the composition study on the 

landfill. 
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Picture documentation 

  

Researches after an interview at Collect-a-Can (left), Inspecting hibernating stocks at CRC (right). 

  

Dysfunctional and irreparable computer stocks (left), recovered memory chips and screw 

drivers (right).  

  

Recovered hard drives (left) and refurbished desktop computer for donation (right) 
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Compactor truck dumping mother sample (left), dumped mother sample (right) 

  

Bucket loader spreading mother sampling (left), mother sample divided for sampling (right). 

  

Researchers sorting into primary categories (left), weighing sorted samples (right) 
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WEEE mixed with general waste arriving at the landfill 

  

WEEE arriving exclusively at the landfill from individuals and industries 

  

View of landfill (left), researchers preparing to leave landfill site on last sampling day (right). 

 


