E-WASTE MANAGEMENT AND ENVIRONMENTAL 
CONSERVATION IN ENTEBBE


By


SSERUNKUMA DAMIAN
2015 / AUG / MCIS / M218834 / WKD



A THESIS SUBMITTED TO THE SCHOOL OF BUSINESS ADMINISTRATION IN  PARTIAL FULFILLMENT FOR THE AWARDOF THEDEGREE OF MASTERS OF SCIENCE IN COMPUTING AND INFORMATION SYSTEMS OF NKUMBA UNIVERSITY.










OCTOBER 2019

i

[bookmark: _Toc22375649]DECLARATION
I, Sserunkuma Damian strongly declare that this thesis is my original work and that it has never been presented for a degree in any other university or signed by the University supervisor and all other supervisors with the following statement when the thesis is submitted for examination. 


[image: C:\Users\SOLEA\Pictures\2019-10-20\002.jpg]
SSERUNKUMA DAMIAN
2015 / AUG / MCIS / M218834 / WKD



[bookmark: _Toc22375650]APPROVAL
I certify that, Sserunkuma Damian has carried out research on E-waste Management And Environmental Conservation in Entebbe.

SIGNED									DATE
[bookmark: _GoBack][image: C:\Users\SOLEA\Pictures\2019-10-20\001.jpg]

[bookmark: _Toc22375651]DEDICATION
This thesis is dedicated to my lovely family and Kiguli’s family, to my friends Late Mugenyi Nicholas and Mr.Merentono Francis Mays Gillium.



[bookmark: _Toc22375652]
ACKNOWLEDGMENT

I acknowledge the Almighty God for the gift of life, family, financial support and to enable me start and complete this course.
I thank my supervisors Mr. OgereBenardfor the dedication, support and love through this course. I thank my wife Mrs. Kembaga Judith Sserunkuma, my daughter Daria-Marie NakiyingiMusiime for the love and support. I thank Mr. and Mrs. KiguliKiyingi for the support and love through this course. I thank all my sisters and brother for all the support and encouragement through the hard times. I thank my clients Mr. Mulamira Gaston and Mr. Ssekaggo for the support to enable me to complete this course.  I thank all my lecturers especially Dr. Bada Joseph, Mr. OgereBernard, Mr. Etengu Richard, Mr. B. Lusiba, Mr. E. Mulondo, Ms. B. Nakyanja, Mr. N. Wakanyansi and Mr. C. Walugembe, Mr. Kisitu Sfor the love, encouragement, knowledge and support in this course. I thank the technical team of NkumbaUniversity for the support. May the lord bless you.


[bookmark: _Toc22375653]TABLE OF CONTENTS
DECLARATION	i
APPROVAL	ii
DEDICATION	iii
ACKNOWLEDGMENT	iv
TABLE OF CONTENTS	v
LIST OF TABLES	ix
LIST OF FIGURES	x
ABBREVIATIONS	xi
DEFINITION OF KEY TERMS	xiii
ABSTRACT	xiv
CHAPTER ONE	1
INTRODUCTION	1
1.0.	Background to the study	1
1.1.	Problem Statement	3
1.2.	General Objective	4
1.3.	Research Objectives	5
1.4.	Research questions	5
1.5.	Scope of the study	5
1.5.1.	Geographical scope	5
1.5.2.	Time scope	6
1.6.	Significance of study findings	6
1.7.	Setting of the study	7
1.8.	Structure of the dissertation	7
CHAPTER TWO	8
STUDY LITERATURE	8
2.0.	Introduction	8
2.1.	Literature survey	8
2.1.1.	Contamination of the environment	8
2.1.2.	E-waste Methods used	10
2.1.2.1.	Shredding and recycling method	11
2.1.2.2.	Land filling and Burning	13
2.1.2.3.	Legislative Policies	14
2.1.3.	Gaps to close	18
2.2.	Literature Review	18
2.2.1.	Sources of E-waste	18
2.2.2.	Established policies to control e-waste	20
2.2.3.	Global existing methods of managing e-waste	23
2.2.4.	Models	27
2.3.	Conceptual framework	30
CHAPTER THREE	32
METHODOLOGY	32
3.1.	Introduction	32
3.2.	Research Design	32
3.3.	Study population	34
3.4.	Sample size determination	34
3.5. Data collection procedure	35
3.6.	Data collection instruments.	36
3.7.	Ethical consideration	36
3.8.	Limitations of the study	37
CHAPTER FOUR	38
DATA PRESENTATION, ANALYSIS AND INTERPRETATION	38
4.1.	Introduction	38
4.2.	Methods used in disposing off of e-waste	38
4.2.1.	Open space burning method	38
4.2.4.	The lock-away method	42
4.2.5.	Refurbishing method	44
4.2.6.	Existence of e-waste laws	44
4.2.7.	Established model	44
4.2.8.	Existence of informal sector in e-waste management	44
4.2.9.	Quality of imported ICT	45
4.2.10.	Percentage household with a computer	46
4.2.11.	Heavy metal concentration	47
4.2.12.	Environmental Conservation	48
4.2.13.	Health concerns	50
CHAPTER FIVE	51
SYSTEM DESIGN AND IMPLEMENTATION	51
5.1.	Introduction	51
5.2.	Implementation	51
5.2.1 	Lock-way method	51
5.2.2.	Reuse and refurbishing methods	51
5.3.	Testing	52
5.4.	 System Design	53
CHAPTER SIX	54
CONCLUSION AND RECOMMENDATION	54
6.1.	Conclusion	54
6.2.	Recommendations	54
REFERNCES	56
APPENDICES	59
APENDIX I:	INTERVIEW GUIDE	59
APPENDIX II:	QUESTIONNAIRE	61
APPENDIX III:	STATISTICAL DATA ANALYSIS RESULTS	64



[bookmark: _Toc22375654]LIST OF TABLES
Table3.1. Sample size and sampling techniques……………………………………………35
Table 4.1 The percentage increase in ownership of computer in a period of four years since the 2014 national census……………………………………………………………………..47
Table 4.1	Summary of methods used in disposing off e-waste ………………………….49
[bookmark: _Toc22375655]
LIST OF FIGURES
Figure 2.1: The Third Party Recycler Model by Zhong and Shiller (2008)……………...… 28
Figure 2.2: Kottapalle Model, by Kottapalle et al (2015)……………………………........ 29
Figure 2.3	 The conceptual Framework ……………………………………………………..30
Figure 3.1: The research design ……………………………………………………..............33
Figure 4.1: The aerial view of NkumbaBukolwa dumping site in Entebbe..………..……...39
Figure 4.2: Dumped Polythene at NkumbaBukolwa dumping site ………………………...40
Figure 4.3: Dumped Cable tracking at NkumbaBukolwa dumping site..…………….….. 40
Figure 4.4: Circuit Breakers, Coaxial Cable and a part of the CD-ROM (Electronic Waste) at NkumbaBukolwa dumping site ……………………………………………......................... 41
Figure 4.5: Dumping of polythene and e-waste along Buzzi wetland……………………….41
Figure 4.6: CDs and Television sets in Kitala and Kawuku (University of Kisubi suburbs)……………………………………………………………………………………....42
Figure 4.7:  E-waste lock-away method in schools……………………………………..…...43
Figure 4.8 	Computer hardware electronic display board (e-waste reuse) in schools………..43
Figure 4.9: E-waste from schools assembled for selling in Kampala (Katwe-Kalitunsi)…....45
Figure 4.10: Shredding and sorting by the informal sector in Kampala (Katwe-Kalitunsi)……………………………………………………………………………………..45
Figure 4.11: The lock away method in stationary and paper duplicating shops around education institutions in Entebbe. ………………………………………………………….. 46
Figure 5.1:	Multipurpose display unit developed from E-waste under testing …………...…53
Figure 5.2:The Damian’s e-waste management Model ……………………………..…..…53

[bookmark: _Toc22375656]
ABBREVIATIONS
1. E-waste		Electronic Waste
2. ICT gadgets		Information Communication and Technology gadgets or hardware
3. NITA			National Information Technology Authority
4. NEMA			National Environmental Management Authority
5. BFRs			Brominated Flame Retardants
6. UBOS			Uganda Bureau of Statistics
7. LED			Light Emitting Diodes
8. LCD TV		Liquid Crystal Display Television set
9. CRT			Cathode Ray Tube
10. UPDF			Uganda People’s Defense Forces
11. EAC			East African Countries
12. VCRs			Video Cassette Recorders
13. UNDP			United Nations Development Program
14. UCC			Uganda Communications Commission
15. PCBs			Polychlorinated Biphenyls
16. NGO			Non Government Organizations
17. ESM			Environmentally Sound Management
18. EEE			Electronic Equipment and Engineering Company
19. CBO			Community Based Organization
20. UK			United Kingdom
21. USA			United States OF America
22. EU			European Union
23. OEMs			Original Equipment Manufacturers
24. CD-ROM		Compact Disc – Read Only Memory
25. DVD			Digital Versatile Disc
26. CD			Compact Disc
27. UIA			Uganda Investment Authority
[bookmark: _Toc22375657]
DEFINITION OF KEY TERMS
E-waste is electronic devices that have reached the end of their life time.
Recycling is a process of transforming waste into a new product  
Refurbishing is a process of polishing and extending life of an ICT gadget.
Lock-away is a method of keeping waste in stores or rooms 
Reuse is a practice of transforming waste into other products that can be used other than its original use.
Shredding is a practice of cutting large pieces into smaller particles or pieces that can be easily recycled.
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ABSTRACT
This research set out to assess the methods used when disposing off e-waste. the study focused on the possible and better methods of disposing off electronic waste in low developing countries. The research therefore, set out to suggest better ways that were friendly to the environment and effective to be used to manage e-waste.
The research used sampling method and sampled educational institutions in Entebbe. These included NkumbaUniversity, University of Kisubi, EntebbeSecondary School, KisubiMapeeraSecondary School and KennedySecondary School. Investigations were made in the selected samples about how e-waste is managed. Data collection was made from the above listed educational institutions, their surroundings. Statistical data was collected from established governmental offices related to ICT gadgets and environment. Further investigations were made at the end point where e-waste is dumped to investigate the methods used when disposing off electronics. Additional experiments were carried outto test possible methods that can be used to manage e-waste in developing countries. 
The researcher found that there are methods used for e-waste management though many of the used methods were dangerous to the environment. The findings showed that established environmental bodies have not sensitized the general public on the dangers and impact of e-waste.The researcher proved that e-waste in developing countries can beeffectively managed and controlled using cheap technology that can be manipulated to create other products.
Based on the research findings, the researcher recommended the following:There was need to establish recycling centers. Established environmentalbodies need to enforce, monitor and sensitize Ugandans about dangers, impact and how to control e-waste. There was need to establish training institutions for personnel who deal in e-waste management. The government needs to empower innovations and boost the market of locally assembled.Thereis need to embrace the Damian’s E-waste Management Model to help in proper control and management of e-waste in developing countries like Uganda.


[bookmark: _Toc22375659]CHAPTER ONE
[bookmark: _Toc22375660]INTRODUCTION
[bookmark: _Toc22375661]1.0.	Background to the study
Electronics and computing devices have become part of our surrounding. They are used until they can no longer server their purpose having reached their end of life. This is because they are either spoiled or because of changes in technology and versions. Many African countries have ended up importing outdated technology and spoiled equipment coming from western and Asian countries like China and Japan. Although the imported equipment is most of the times either given out as donations to schools, hospitals, colleges and growing companies, many of the donated ICT gadgets do not last for long before they break down and rendered useless to those whom they were given to. Such are normally written off as spoiled, useless. These are referred to as “e-waste”. 
This research set out to investigate, develop and experiment better management methods of controlling e-waste to protect the environment from electronic waste and its dangers.
The term e-waste is used to referee to all televisions and monitors, computer systems units, computer peripherals, audio equipment, VCRs, DVD Players, Video Cameras, Fax and Copy Machines, Cellular phones, Video Games consoles, Microwaves ovens which have reached the end of their service or functionality. These can no longer function well as they originally did or have been substituted for some other device with advanced technology. Such devices dumped or sold as scrap but the methods used to dispose off electronic waste are dangerous and need to be changed to methods that profitable to end users of computers.
Magalini (2015), in a report “e-waste management in Ethiopia”, regards e-waste as a waste problem, which can cause environmental damage and human health sever consequences if not safely managed. He further writes that:”e-waste is more often seen as a potential source of income for individuals and entrepreneurs aiming at recovering the valuable materials contained in electronic products.”
This research therefore, sets out to experiment and develop a model that can be used to change the electronic waste into a new product using cheap and affordable technology. This will help to reduce the rate at which electronic gadgets are disposed off. The transformation of electronic waste into a new device makes it possible for a device that would be buried or burnt to become or contribute to the formation of a new device.  This will improve the methods used when disposing off of electronics in developing countries where recycling is not common.
The research has a contribution towards the creation of a model that can be used to systematically dispose off electronic waste. It will also contribute to the creation and modifying of electronic waste into some other product that can be used or sold on local market. This contributes to the creation of new jobs and boost innovation in the ICT field.
The study has a direct contribution to the conservation of the environment in cases of reusing of electronics that have reached the end of their life to regenerate better products that can be used or sold for income. This means that spoiled ICTs can no longer be burnt to release toxic gases or buried in the ground to contaminate water and soil but put back to use for better products.
Balde et al (2017) wrote that “The total value of all raw materials present in e-waste is estimated at approximately 55Billion Euros in 2016, which is more than the 2016 Gross Domestic Product of most countries in the world.” This gives a new state of modern mining in countries that have established methods of managing e-waste such as recyclers.  
All electronic devices, components and cables that have become useless to the owner are rendered waste and disposed off, the form of disposing off is normally through land filling, burning or taking them through refurbishment process by the local informal sector. A report by East African Communications Organization (2013) entitled “Model Framework for E-waste Management” reported that e-waste is one of the fastest growing waste in the world it is toxic and non-biodegradable. E-waste is growing at three (3) times the rate of municipal waste worldwide.
In Africa, Ghana has the biggest e-waste dumping area. This holds e-waste from America, Europe and Asian countries. The dumping ground is known as Aglogloblashe and locally known as the Sodom and Gomorrah of Africa. There is consistent burning and burying of e-waste as a method of management.
Unlike the developing countries, in Developing countries like the United States of America, European countries like United Kingdom, e-waste is managed by recycling and exportation to developing countries according to Uddini (2012). This puts developing countries at stack for importing e-waste in bulk. Methods used in developing countries to control and manage electronic waste are weak and not environmental friendly. The toxic metals found in e-waste penetrate the African soil and some evaporate as vapor to the atmosphere. This renders the African soil infertile and contributes to the cancers in the human life. 
E-waste management methods that are used worldwide include the recycling method, refurbishing method, reuse method, the lock-away method, burying method, burning method and exportation.  Among the mentioned methods are those that are applicable to developing countries like Uganda and those that are not applicable especially in absence of recycling centers.
This research set out to investigate, develop and experiment better management methods of controlling e-waste to protect the environment from electronic waste and its dangers. The study focuses on finding possible ways of reusing e-waste to produce new products to help reduce the rate of mismanagement of e-waste. The research will use both electronics and computer components that have been discarded as e-waste as the main entity to this project. The study further seeks to investigate and develop a model that enables ICT users to easily convert e-waste to better products that can be reused than burning or burying e-waste which exposes the nature to toxic heavy metals which are dangerous to the environment.
[bookmark: _Toc22375662]1.1.	Problem Statement
There is an increase in poor disposal of electronic waste in Uganda with insufficient policies and resources to control and manage e-waste. The accumulation of poorly discarded e-waste is becoming dangerous to the environment. A case is Kavundiradumping ground in NkumbaBukolwa village in Entebbe. 
According to Kabengwa(2017) there is a lot of solid and e-waste were evident at Kavundira dumping ground in NkumbaBukolwa and in Buzzi wetland which is not an official landfill area. The sites are covered with solid, plastic, polythene and electronic waste for over years without a chance of being recycled. Kabengwa (2017) expressed a concern that “Wakiso district lacks proper waste management and disposal system.”This was an environmental conservation management challenge in Entebbe. 
The major options for disposal of waste and E-waste in the absence of any treatment option were land filing and incineration. However, the presence of hazardous elements and compounds in E-Waste offers the potential of increasing the intensity of their discard in environment due to land filling and incineration. According to Ministry of Information Technology and Communications Technology (2016), Formal E-Waste recyclers do not exist in Uganda.
National Information Technology Authority (2014) report showed that National Environment Management Authority (NEMA) has not registered any firm to deal in e-waste management and Uganda has no established recycling center to recycle and manage e-waste to conserve the environment. However, it further showed that the government of Uganda tried to establish policies for e-waste management like the removal of tax on importation of ICTs in Uganda and the issuing of the ban in 2009 – 2010 so as “To ensure the safe management of e-waste in Uganda”. However, e-waste was still an outstanding problem in Uganda that involved all stack holders of electronics and those who own and use them. A solution needed to be established to control the growing rates of e-waste and the importation of electronics in Uganda to ensure environmental conservation.
[bookmark: _Toc22375663]1.2.	General Objective
Thegeneral objective was to establish the relationship between E-waste and environmental conservation in selected educational institutions in Entebbe. The selected educational institutions included Nkumba University, University of Kisubi, Entebbe Secondary School, KisubiMapeera Secondary Schooland Kennedy Secondary School.
According to Uddini (2012), E-waste had been identified as a major problem in developing countries. Due to high rate of technological changes in both hardware and software compatibility of devices, many electronics were still imported and many were dumped for new equipment. The study therefore, was seeking to make an investigation on proper methods that could be used to control and manage e-waste disposal in developing countries like Uganda.
[bookmark: _Toc22375664]1.3.	Research Objectives
The study was seeking to investigate and meet the following targets:
1. To examine the methods used in educational institutions when disposing off e-waste.
2. To examine relationship between e-waste reuse and environmental conservation.
3. To access the combined effect of e-waste management, e-waste reuse on environmental conservation.
4. To develop a model for reusing e-waste to conserve the environment 
[bookmark: _Toc22375665]1.4.	Research questions
The study was seeking to investigate and be able to answer the following research questions:
1. What methods are used to dispose off e-waste?
2. What is the relationship between e-waste reuse and environmental conservation?
3. What is the combined effect of e-waste management, e-waste reuse on environmental conservation?
4. What is the best model for reusing e-waste?
[bookmark: _Toc22375666]1.5.	Scope of the study
[bookmark: _Toc22375667]1.5.1.	Geographical scope
The study was conducted in established Educational institutions in Entebbe which includedNkumba University, University of Kisubi, Entebbe Secondary School, KisubiMapeera Secondary School, Kennedy Secondary School and other places which will includedKavundiradumping ground in NkumbaBukolwa, Buzzi wetland along Kawuku-Nakawuka road,ICT and movie vendors around both Nkumba University and University of Kisubi. The end points of e-waste were also studied.
Comparison of the documentationsor literature from government ministry offices and review of published documents in relation to the research topic. Government bodies’ literature that was studied included literature from National Environment Management Authority (NEMA), Uganda Communications Commission (UCC), Ministry of Information Technology and Ministry of Agriculture, KawandaAgriculturalResearchCenter. The experimental study was conducted using spoiled hardware, and other new hardware and circuit boards that were easily accessible in order to enhance the operations of the hardware under study. 
[bookmark: _Toc22375668]1.5.2.	Time scope
The study was conducted in a time frame of four(4) months. The period of four months allowed the researcher to carryout both data collection and carrying out experiments on e-waste to came up with a model for e-waste management.
[bookmark: _Toc22375669]1.6.	Significance of study findings
To the government, the findings of the study were to directly help to establish the extent of environmental degradation in Uganda. This was to contribute and become a resource to the National Environment Management Authority of Uganda which is a government body that sets out to manage and conserve the environment. 
To the community, the research findings were further to be a contribution to the e-waste management methods to help in managing of e-waste and to establish reliable methods that are applicable in management of e-waste with minimal expense and yield better products from e-waste. This was to reduce the dumping of electronics that cannot operate well or were completely spoiled in places like swamps, inorganic dumping areas and to reduce the rate of soil degradation in Uganda. The study was also to contribute to community knowledge of entrepreneurship that can be used by different communities to earn a living. 
To academicians, the study was to contribute to the establishment of a relationship between e-waste and environmental conservation to help in other research projects in the field of e-waste control and management. Additionally, it was to help to create a model for e-waste management in developing countries.
To the researcher, the study was to boost the understanding and boost the skills of innovation and entrepreneurship out of e-waste. The researcher broaden his knowledge about the best way to refurbish e-waste to come up with new products that can be reused to control and reduce the rate of constant import of used electric and electronics in the country. This was to have a positive impact on the growth of the economy when more new jobs are realized out of re-engineering of waste or discarded computing components.  
[bookmark: _Toc22375670]1.7.	Setting of the study
The study was carried out in urban trading centers and established institutions that use computers and other ICTs. The survey was based on both qualitative and quantitative methods. This study was conducted in places where ICTs are commonly used and discarded and informal collection centers of discarded ICTs in different villages and trading centers. The respondents in the villages that were chosen for the study were selected randomly for unbiased results during the study. The researcher also considered the owners and operators of small business owners who use ICT components like CD / DVDs and other computing devices and appliances that can easily brake down or get damaged in the daily running of their business. 
Nkumba – Bukolwa where we find a dumping ground and a collection of most waste was also a key area during the study. This dumping ground is locally known as “Kavundira” meaning a place of waste or rotten things.  Bukolwa as a village was still chosen because it boarders with the Lake Victoria banks and it holds a big percentage of students who use ICTs and dwell in this area.
[bookmark: _Toc22375671]1.8.	Structure of the dissertation
The final report was based on the findings of the study and the documentation was inbothdocument format and a documentary to demonstrate the effectiveness and the impact of the study to the environment and human beings. This was to help the researcher come up with a full report of how best e-waste must be managed in developing countries especially in educational institutions in.
[bookmark: _Toc22375672]
CHAPTER TWO
[bookmark: _Toc22375673]STUDY LITERATURE
[bookmark: _Toc22375674]2.0.	Introduction
In this chapter, the researcher focused on the previous studies about e-waste, its management, established policies and models that have been developed to help in the management of e-waste both in Uganda and across boundaries of Uganda. This chapter also looked at the conceptual framework of the study.
[bookmark: _Toc22375675]2.1.	Literature survey
In the modern era of science and technology, there are many innovations and advancement of technology. There many devices that are bought to serve their purpose to the user. These include both home and office appliances. With time, many electronics have hardware failures and owners choose to repair them in order to prolong their usage. Others choose to sale them off to other users who show interest in them due to advancement and upgrade in technology. These are commonly referred to as “second hand equipment”. In spite of the available ways to keep machines and electronics working, many still fail and are just kept away or discarded off for new ones that will serve better which creates an increase in e-waste which results into environmental degradation. 
Kabengwa (2017), in an article “Wakiso on the spot over waste management” identified a major waste dumping site in NkumbaBukolwa village in Entebbe and showed a concern that there is an increase in mismanagement of waste in Wakiso district and that there is indiscriminate dumping in wetlands, bushes and even along major roads and pathways.
[bookmark: _Toc22375676]2.1.1.	Contamination of the environment
The dumping done in wetlands as cited from Kabengwa (2017) are possible contribution to environmental degradation. However, little has been done to control the escalating problem of e-waste in East African countries especially in Uganda. For example, according Asiimwe and Aka (2012), countries such as Kenya, Uganda, Rwanda and Tanzania are aware of the e-waste implications although there is not much work done to mitigate the problem. According to Okumu (2012), waste dumped pose real hazard to workers, waste pickers and stray animals that visit the sites. Most of the waste workers do not wear proper protective gears which expose the lives of waste workers at a risk of contracting dangerous diseases can cancers.
According to Sivakumaran (2013), manyelectronic products find their way over seas and oceans to developing countries in Africa and Asia as e-waste. For example, according to Zhong and Schiller (2009), the world produces 20 to 50 million metric tons of e-waste and the number increased at a rate of more than 10% each year. All machines and computer hardware are made of different components that have different elements, mixtures and gases which are dangerous to the environment and to human beings. Zhong and Schiller (2009) outlines toxic contents that are found in e-waste as lead, mercury, cadmium, brominated flame, retardants (BFRs) plastic and beryllium which are harmful to human life and the environment. Such hazardous material can leak into the groundwater when buried, contaminating the landfills, or it can enter the air through burning or dust. This can lead to contamination of the entire aquatic life and terrestrial environment.
Sivakumaran (2013), emphasized that the smoke and dust particles consists of carcinogens and other hazardous chemicals which cause severe inflammations and lesions including many respiratory and skin diseases. This was proved in the research report done by Nabulo et al (2008) when they assessed Zn, Cu, Pb and Ni contamination in wetland soils and plants in the Lake Victoria basin. The results showed 92% Zn, 97% Cu, 92% Ni and 90% Pb.  
The high rates of heavy metals such as Cu, Ni,Pb and Zn that were found in wetland soil and plants in Lake Victoria basin were found to emerge from places were motor vehicles were repaired and hardware repairing centers. These heavy metals are also found in areas where burning, burying and breaking of electronic waste as indicated by Uddini (2012). This shows the possible negative contribution of e-waste to environmental conservation.
The study will therefore, assess the relationship between e-waste and environmental conservation and it will be conducted in selected educational institutions in Entebbe which is an area within the Lake Victoria basin.
[bookmark: _Toc22375677]2.1.2.	E-waste Methods used
In Uganda many youth have ended up getting absolved in the soft content distribution and movie pirating business. This practice is in major towns all over the country especially in Kampala and around academic institutions like universities and secondary schools where they get their potential customers. It is notable that all Compact Discs and DVDs that fail during the process of burning data and movies on these devices end up being disposed off. Computers and other components like monitors that are used in such business, many times break down but the mode of discarding them off is done wrongly especially through the practice of land filling and burning. This endangers the environment which renders the soil fertility very low because such devices take millions of years to decompose and the emission of gasses and fumes when such devices and other electronic components are burnt down is still hazardous to both humans and natural environment. Burning and burying of e-waste are some to the wrong methods that contributes to environmental degradation according to Uddini (2012)
Uddini (2012) in his article “E-Waste Management” came up with a design that was looking at solving the problem of management of electronics that have been rendered useless to the original owners. He identified E-waste as electronic products nearing the end of their useful life. The electronic products outlined included Televisions and monitors, computers, computer peripherals, audio/stereo Equipment, VCRs, DVD Players, Video Cameras, Telephones, Fax and Copy Machines, Cellular Phone, Wireless Devices, Video Game Consoles. In his article, he further stated that electronic waste (e-waste) is dangerous to the human life and the environment especially when no structured management and control of recycling is established. Uncontrolled and poor management of recycling centers which result in constant burning and contamination of soil and water is a process that is more dangerous than land filling. The following are the most common e-waste management methods that have been outline to manage and control e-waste though many seem not to be environmental friendly.
[bookmark: _Toc22375678]2.1.2.1.	Shredding and recycling method
Recycling is the main method that many researchers have recommended in their research. Countries like America, Britain, Japan, China, South Africa and Rwanda in East Africa have come up to establish recycling centers where used and spoiled appliances are disassembled, shredded for the extraction of precious metals in a process known as urban mining. However, Sivakumaran (2013), shows that 75% of the e-waste are uncertain for their use or finding ways to re-manufacture and reuse their parts for repair while others are junks occupying usable space at houses, apartment, firms and industries through the lock-away method. 
In East Africa, Rwanda is an outstanding country that does both shredding and refurbishing of e-waste for stable computers that can be reused in schools and colleges at a low cost. E-waste is collected and shredded to hunt for precious metals, this is a method of e-waste management that most countries that have embraced. In Uganda, e-waste is managed by the informal sector. The population involved in e-waste collection, burning and melting of metals for other products are faced with challenges of inhering of toxic gasses which are hazardous to their health. Sivakumaran (2013).
Uddini (2012), In his journal and conference paper on E-waste management, writes that the presence of mercury, arsernic, cadmium, selenium and hexavalent chromium and flame retardants beyond threshold quantities in e-waste classifies them as hazardous waste. He further writes that “Rather than recycle the e-waste generated, the developed countries are finding easy way out of the problem by exporting them to developing economies. Recycling e-waste in a crude manner, as is done now will lead to environmental pollution.” 
In Bugesera district in Rwanda is one of the few recycling facilities for e-waste in the whole of East Africa, Rwanda is one of the countries that has embarked on digital recycling which has enabled proper disposing off of e-waste to be recycled and refurbished for other products that can be reused by the Rwandan population. 
Unlike Rwanda, Uganda depends on informal recycling which is supported and done by the youth. The local youth who are involved in this practice move places in search for the e-waste and other metallic waste that can be sold to the informal recycling centers for a living. The existence of such informal sector makes e-waste management a challenge since such individuals may not have proper knowledge and skills required for proper handling and management of e-waste. Their handling and execution of tasks involved in recycling and shredding of e-waste may cause a leakage of dangerous gases to the environment. This may directly contribute the rate of soil and air contamination especially in areas where such practices are done.
The involvement of informal sector in e-waste management increases the risk of mismanagement of e-waste since the involved parties are not legally acknowledged as the rightful managers of e-waste. Activities and operations of the informal sector are majorly done in open space under limited guidelines to protect themselves and the environment from dangerous chemicals, gasses and metals. Many times, the informal sector is not trained to manage e-waste. This method of management increases the contribution of e-waste management method to environmental degradation. The methods used in management of e-waste by the informal sector are also risky and exposes nature to dangerous gasses and cancerous metals which are dangerous to the human life.
Chromium which is one of the content in e-waste is a known carcinogen which affects the DNA and causing asthmatic bronchitis. Barium causes damage to heart, spleen and liver also causing muscle weakness, Beryllium is a carcinogen causing lung cancer inhalation also causes chronic disease beryllicosis and resulting skin warts. This indicates that many lives of those who actively participate in collection and burning of e-waste is in serious danger. This is a disaster that needs a serious attention in developing countries where many are low income earners who may not afford medication to all health problems stated by Sivakumaran (2013).
Consistent e-waste dumping in developing countries is dependent of the low income earners and availability of cheap labor. For example Sivakumaran (2013) writes that “according to the data received in 2007 about 70% of the e-waste of the world reaches China and the rest to Africa and India, due to their cheap labor, they have become the world’s dumping station of e-waste, in Ghana about 20% of their population are working on e-waste.” He emphasized that poverty is the main reason for third world countries to consume e-waste from Europe and USA.
Basing on Sivakumaran (2013), developing countries that still have a challenge of large population surviving with cheap labor need a better way to effectively manage e-waste through environmental friendly methods to ensure minimal environmental degradation in developing countries.
[bookmark: _Toc22375679]2.1.2.2.	Land filling and Burning
Land filling and burning is another method used as outlined by Kabengwa (2017). He writes that waste in Wakiso district is managed by land filling and burning at Kavundira in NkumbaBukolwa which is harmful to the environment since a lot of plastic and polythene material is involved which are carcinogen to humans and directs affect environmental conservation.
According to Wasswa and Schluep (2008), presently the informal processing of e-waste in Uganda is not under any environmental monitoring and as a result, the crude methods used to reclaim materials from the e-waste by use of burning especially in open space are a potential for many kinds of pollutants being generated creating serious problems to ecological environment and human health. 
This is a serious problem that the study seeks to find solutions to in order to conserve the environment. In this modern era, developing countries need a way of reducing the effects of e-waste as well as improving the technology of devices that are reaching their end of life to boost their capability and functionality to mitigate environmental degradation.
Nakkanga (2006) in her study on Solid waste management in urban areas of AbayitaAbabiri and its suburbs, suggested collection centers of waste and burning of waste under the supervision of municipal authorities. She further suggested recycling of other waste especially those having plastic material as a method to conserve the environment. Nakkanga (2006) management methods that were suggested are not applicable to developing countries to manage e-waste because e-waste cannot be managed by burning according to Uddini (2012). The burning of e-waste has a direct impact on both the environmental degradation and the human health according to Uddini (2012). This was confirmed by Balde  et al (2017). The burning therefore can be applicable for organic solid waste management only.
[bookmark: _Toc22375680]2.1.2.3.	Legislative Policies
Due to the increased rate of importing of used computers and refrigerators, the Ugandan government in June 2009 passed a bill that was intended to prohibit the importation of second hand appliances. This bill was effected in 2010 as a solution to controlling the importation of used appliances and to promote the accessibility to high quality and long life ICTs. However, according to the Final Report by National Information Technology Authority (2014), Out of the 163 institutions, over half (53%) did not want the ban lifted. The report showed that 53% of the 168 institution feared for the following risks that may arise due to the ban: 1) increased e-waste especially given that the country lacks an e-waste recycling plant. (50%), increased dumping of old computer in form of donations (36%), continuous circulation of poor quality old computers (22%), and low access to modern ICT services (22%).
National Information Technology Authority (2014) report shows that Ugandans are resistant to governmental policies and moves to controlling e-waste and mitigating its impact. This may be so because they were perhaps not sensitized or educated on the possible impact of e-waste and the dangers involved. Sensitizing end user of ICT gadgets on the impact of e-waste to both the environment and the human health can possibly have a positive adaption to government policies as a method to reduce the impact of e-waste in developing countries.
On the other hand, the increase of imported ICTand the increase of e-waste are attributed to government policies and taxes imposed on importation of ICTs according to NITA (2014) report. Uganda’s importation of ICTS was 435,323 units in the financial year of 2008/09 before the ban. This was attributed to government’s removal of taxes on import of computers whether new or old. This however reduced 93,546 units in the financial year of 2009/10 and then to 80,216 units in the financial year of 2010/11after the ban though it slightly picked up and increased to 93,546 units in the financial year of 2013/14 due to new developments in the ICT sector within Uganda.
The ministry of energy and mineral resources of Uganda has suggested a number of solutions that can be focused on to ensure that e-waste is properly managed in Uganda for example with the effecting of the ban on importation of used ICTs in 2010 and the establishment of the guidelines of e-waste management in Uganda of 2016. In spite of the continued efforts of the government, there is continued miss management of e-waste in Uganda. This can be attributed to absence of physical recycling centers and absence of formal collection of e-waste in Uganda where individuals survive on selling scrap at a cost of approximately US $20 as reported by Wasswa and Schluep (2008). 
The increase in importation of ICTs show that effecting the ban of used computers in 2010 by the Ugandan government did not solve the problem since more computing devices are still imported which will turn to e-waste after its life. Thus the phrase by Uddini (2012): “Today’s gadgets are tomorrows E-waste”. This is an indication that the structure and the implementation of government policies as a method of controlling e-waste has a direct contribution to environmental conservation.
Therefore, basing of Wasswa and Scluep (2008), there is need to establish effective method that can be used to manage and narrow down the effects of e-waste on both the human and for environmental conservation in Uganda. 
After the ban of importation of used computers and ICTs in 2009 and the subsequent enforcement of the ban in 2010, the Ugandan government has come up with additional policies that are targeting to control and manage the problem of e-waste in Uganda. For example the Ministry of Information and Communications Technology (2012) published Electronic Waste Management Policy for Uganda. In this, the ministry indicated the policy priority areas which include the following:
Establishment of e-waste management infrastructure. Here, the ministry acknowledged that there is no effective E-waste management infrastructure. It further added that to address this gap, government shall:
a) carry out a baseline survey and analysis of the E-waste threat
b) develop sustainable models for E-waste management
c) encourage set up of facilities to handle refurbishment of unwanted electrical and electronic equipment and / or E-waste recycling in all regions of the country;
d) Develop incentives for establishment of sustainable E-waste disposal agencies through mutually beneficial reuse and / or recycling schemes.
E-waste skills development and awareness building: here, the ministry acknowledged that there is lack of human resource capacity capable of taking on the task of E-waste management. There is also limited awareness about the hazards of E-waste among the population. Awareness campaigns on how to safely handle E-waste are nonexistent. To this end, the government of Uganda shall:
a) establish centers of excellence for training the requisite human resource;
b) Develop and popularize a change management program for leaders of government and private sector institutions to embrace proper E-waste management.
c) Develop and implement an awareness campaign strategy to create general vigilance about the issues of E-waste management and ensure that the population understands how to safely dispose of E-waste and access safe disposal systems; 
d) ensure procurement of environmentally friendly electric and electronic equipment across the country
e) mainstream E-waste issues at all levels in the national education curriculum
Legal and regulatory Framework: here the ministry stated that the government of Uganda takes protection of the environment very seriously. To demonstrate this, the National Environment Act was enacted. However, at the time of its development, the issue of E-waste was not considered. In order to address this gap in the law, the Government of Uganda commits itself to:
a) review and amend the relevant Laws and Acts to cater for E-waste management, including issues of manufacturer responsibility and end-of-life equipment take -back
b) Develop the relevant regulations and guidelines to make the revised Law operational.

The government policies and established laws on e-waste are a legal method that is intended to enforce protection of environment from degradation. However these laws and guidelines are enacted and do not seem to reach out for their intensions to protect the environment from degradation. 
Wasswa and Schluep in 2008, conducted an assessment study in Uganda about the situation of e-waste management, generating a special emphasis on personal computers and concluded that, “considering the recent development in ICT imports of new and second-hand equipment and the already existing stock of computer waste it is expected that considerably more e-waste will show up on the street in short time. Hence it is the right time for Uganda to engage in addressing the problem of increasing e-waste volumes. Waiting too long with actions bears the risk of a developing informal sector and more informal dumping, with all its social and environmental drawbacks.” Wasswa and Schluep (2008), findings prove that there is a problem with electronic waste management in Uganda.
Basing on the existing e-waste management methods, this study project is proposed to make an investigation on how best e-waste can be utilized to conserve the environment and come up with reliable model that can be used to improve environmental conservation and to reduce the impact of e-waste on environment.This study is to help improve the prevailing technology that is still functional in ICT gadgets that are considered to be e-waste and to provide a recycled product that can be utilized for domestic sustainability in low developed which will help to reduce the rate of dumping computer hardware in swamps and other designated areas for inorganic waste. This study therefore seeks to propose a sustainable product emerging from the e-waste that is cheaply discarded off in Ugandan urban areas. This is one of the courses of environment degradation by the Ministry of Information and Communication Technology in a document entitled “Guidelines for E-Waste Management In Uganda”.
The methods used in management or disposing off of e-waste contribute to the conservation or degradation of environment. This study therefore, seeks to propose and test a model that can be used to effectively control and manage e-waste as a solution. The model will focus more on how best the e-waste can be managed in developing countries that don’t have a recycling center which will reduce the poor disposal of electronic component especially the computer hardware and other ICTs.
[bookmark: _Toc22375681]2.1.3.	Gaps to close
Nakkanga (2006) in her study on Solid waste management in urban areas of AbayitaAbabiri and its suburbs, suggested collection centers of waste and burning of waste as a method of waste management. Her study however focused on general solid waste and left a gap on how best electronic waste can be managed and controlled. 
This study therefore seeks to investigate the use of electronic reuse as a method of managing electronic waste other than using the method of burning which is dangerous to the environment since it enables the emission of dangerous gases and heavy metals from electronic waste when used
Wasswa and Schluep (2008) in their report on E-waste Assessment in Uganda suggested recycling, refurbishing and enforcement of government policies but left out a possibility of reengineering and reuse of ICT gadgets to come up with new products. 
This study therefore proposes reuse of e-waste to generate other better products from e-waste which can be put back to use. This study looks at the possibility of making spoiled ICTs and other electronics becoming functional in a different form or becoming a different device and use it to ensure safe disposing off of spoiled devices.
[bookmark: _Toc22375682]2.2.	Literature Review
[bookmark: _Toc22375683]2.2.1.	Sources of E-waste
E-waste in Uganda can be traced from different sources which include America, Europe, and Asia. Used electronics are shipped in Africa to be recycled, sold or donated for reuse. These however don’t stay for long before they completely fail according to Zhong and Schiller (2009), “Some considerable amount of e-waste, meant to be recycled are, in fact, handled and processed through improper or even illegal means. Each year, tons of e-waste is transported to developing countries, such as China and South Africa, where valuable parts of materials such as microchips.”. NITA (2014), estimates that 75% of the electronic items in Uganda are stored due to uncertainty on how to manage them. It adds that “This electronic junk lies unattended in houses, offices, warehouses etc and is normally mixed with household waste, which is finally disposed off at landfills. This necessitates implementable management measures.”
According to Uddini (2012), individuals and small businesses use computers and their accessories whose life come down to about two years because of improved versions being launched about every 18 months which makes new software incompatible or insufficient with older hardware so that customers are forced to buy new computers. For example, Wasswa and Schleup (2008), in the report about e-waste assessment in Uganda reported that government and other enterprise replace computers after 3-5 years and often auction them for second-hand use. Uddini (2012), further identifies another source of e-waste as original equipment manufacturers (OEMs) which generates e-waste from substandard products in line of production which must be disposed off by the manufactures by recycling or exportation. Cellular phones, refrigerators, ovens, switchboards, air conditioner, batteries, TV and other ICTs are examples of gadgets that are normally shipped to developing countries in Africa and Asia. Uddini (2012).
According to Sivakumaran (2013), “about 4 million tons of wastes are brought to Ghana from Antwerp and other parts of western world”. This shows that developing countries in Africa are facing a serious battle of e-waste from western countries. This needs to be addressed and narrowed down using practical solutions that can even extend the creation of jobs for individuals who are directly involved in scavenging and burning of e-waste for metals to have a better way of managing e-waste using a more friendly method to the environment and human life.
In Uganda, according to Asiimwe and Aka (2012), USA, EU states such as UK and Asian countries i.e. China, Japan and Singapore are some of the sources of imports. In their report, Dell and HP are the giant computer brands. Mobile phones were reported to be shipped from Asia. East African countries mainly consume brand new, refurbished or old computers. China is the leading exporter of cheap ICT products most especially mobile phones and their accessories which are of low quality with short lifetime. All governments in East Africa encourage use of brand new products. However, on the other hand, people prefer cheap goods and thus old and refurbished products. In Uganda and Rwanda where old products are restricted, old products are imported under the umbrella of NGOs or through black markets. Asiimwe and Aka (2012). The importation / acquisition trend / rate of ICTs (computers and mobile phones) in Uganda, Kenya and Rwanda is rated very high, average in Burundi and high in Tanzania. This shows that there is need to address the end point of where and how is e-waste controlled and managed in developing countries Uganda in particular. Constant shipping in or importation of electronic waste raises the electronic penetration rate into developing countries. These electronics serve and eventually fail which results to increase indisposing off of e-waste without established functional policies and centers to manage them. This results to environmental degradation following improper methods used.
[bookmark: _Toc22375684]2.2.2.	Established policies to control e-waste
E-waste is a global problem that individual governments and companies have come up to address both locally and through organizations. E-waste regulations builds on the general waste management guidelines by introducing a legislative framework for e-waste and  making good e-waste practices legally binding to both producers and consumers. Magalini et al (2016).  To control e-waste there has to established polices to use used as one of the methods to control the movement of electronic waste to protect and conserve the environment.
The East African Communications Organization (2013) in its report entitled “Model Framework for E-waste Management” reported that e-waste is one of the fastest growing waste in the world. This has forced governments to establish policies that can be enforced to ensure that the problem of e-waste is controlled. The East African countries according to National Information Technology Authority (2014) have established and implemented policies that are intended to control e-waste. Kenya and Uganda have enforced a ban on importation of used computers. Rwanda and Kenya have established a recycling center and Rwanda has enforced its policy on ban and usage of used computers. This is contrary to the situation in Uganda according to Okumu (2012). He writes that, “There is no formal e-waste management in Uganda and formal recyclers do not exist.” Rwanda has restricted the importation and usage to only schools and the life of the second hand computers that are imported in the country is restricted to only 3 years. These policies are enforced to check the growing rate of e-waste in developing countries to conserve the environment and protect human life from carcinogenic material.
Manufactures of ICTs also joined the battle of fighting e-waste in order to ensure environmental conservation. Sawhney et al. (2008), shows that Sharp UK, a company producing computers and televisions launched a “Super Green Strategy”. This aims at establishing an environmentally sustainable domestic and overseas manufacturing system. The initiatives look at every aspect of the manufacturing processes, from extracting natural resources to the end product and its disposal. Sawhney et al. (2008) shows all the evaluated stages from production to disposal and these include:
· The management and reduction of greenhouse gas emission
· Minimization of energy usage
· Minimization of waste generated during manufacture
· Minimization in the use of natural resources
· Management of chemical substances
· Reduction in the burden on the atmosphere / waster / soil
· Maintenance of harmony with nature and with the community
· Promotion of environmental consciousness
· Recycling
· Disclosure and communication of the companies’ environmental performance externally through independently assessed annual environmental reports.
These aspects are continually monitored, controlled and scored against stringent environmental performance objectives under the initiative. Factories have to achieve exceptionally high scores to gain the internal award of “Super Green” status
East African Communication Organization (2013), in its  model framework, highlights the areas of focus that the region may adopt in order to effectively manage e-waste as Legal and regulatory framework, institutional framework, resources-(human, financial and infrastructure), private sector (EEE manufacturers, traders, informal refurbishers / recyclers) and consumers. In the Legal and regulatory framework, East African Communication Organization (2013), states that the governments of member states have a role of ensuring that policies are articulate and dynamic, thus ensuring effective legislation, regulations and guidelines that will address the gaps in existing legal framework for e-waste management, standards aimed at controlling the nature of ICT equipment (new and used) that are imported in the country, establishment of the institutional framework on e-waste management, establishment of gazette areas for environmental protected areas where collection/storage/recycling of e-waste for effective management and monitoring, law enforcement regulations, creating an enabling environment for the NGO/CBO organizations as well as investors.
Under the institutional framework, East African Communication Organization (2013), writes that the framework to be implemented through collaboration of stakeholder institutions. These include the ministry in charge of ICT to spearhead the development of the e-waste policy and shall be responsible for an all-encompassing strategic plan for implementing the e-waste policy. Detailing the cost, time frames, targets, outputs and outcome and responsibilities of the relevant stakeholders. The ministry in charge of environment and relevant natural resources – develop/review the environment act to incorporate e-waste specific legislation. Ministry in charge of health-develop/review health and safety standards, guidelines regarding e-waste. The ministry in charge of trade and investment – develop/review standards on n importation of electronics. The regulatory bodies under the respective ministries need to provide technical support and guidance to their respective ministries. This also need to be defined in the policy as agreed upon and EAC to be responsible for putting in place harmonized e-waste management frameworks as well as ensuring strong working relations with in the East Africa member countries towards adequate e-waste management. 
It further suggests the Governments’ commitment towards resources in adequate e-waste management to include Human resources: to put in place programs that will ensure human capacity on e-waste management is built. Such programs may include: on job training and introduction of relevant curriculum for schools, colleges and universities. Financial resource which should establish a resource mobilization mechanism that will ensure sustainability of the e-waste management system, i.e. integration in the national budgetary planning, development of an e-waste found, proposal on request for funding, business translation for e-waste management strategies etc. further suggestions of putting in place appropriate e-waste infrastructure, such as manual dismantling plants, e-waste recycling, storage/collection and treatment plants etc.
The established international conversions and laws are another platform that can be used to control e-waste movement overseas. If such conversions are followed actively, the environmental conservation in developing countries where dumping is done at high rates will be boosted. This implementation and enforcement of established polices will be an outstanding method that can be used in controlling the movement of electronic waste and to boost the environmental conservation especially in developing countries.
[bookmark: _Toc22375685]2.2.3.	Global existing methods of managing e-waste
Uddini (2012), uses a phrase: “Today’s gadget are tomorrows E-waste” and further writes that ”while many companies, have safe and effective recycling programs, the majority of recycling companies export some percentage of their electronic waste to China or poor countries in Africa, where the waste is “recycled” or destroyed and stripped of its valuable metals. Though this seems like a good thing on the surface, because components are being re purposed, unregulated recycling centers burn or dissolve the plastic components or release the precious metals: a process that releases environmental contaminants into the air, land, and water that would otherwise remain trapped and inert in landfills.”
Uddini (2012) in his research writes that “The major portion of the e-waste generated domestically as well as illegally imported are recycled in crude manner leading to pollution of the environment”. The problem that e-waste management and emission of toxic fumes is especially more evident in developing countries on the African continent.
In Africa, Ghana’s Agbogbologhie market locally nicknamed “Sodom and Gomorrah” which is the largest digital dumping site has tones of electronic waste is dumped from Europe and America. The informal sectors in Agbogbologhie get a living through constant burning of plastic, cables, circuit boards that emit out toxic fumes. This makes the African continent a dumping ground for E-waste. 
Many innovators and researchers have come up with different ideas and approaches towards solving the issue of recycling of electronics all over the world. A number of methods have been proposed and implemented to ensure proper mechanism of e-waste management. This involves recycling, refurbishing, landfills, burning, acid baths, ICT policies and reusing of equipment. These may be friendly to environment and others like burning, landfills are hazardous and increase the rate of environmental degradation. 
Lundgren (2012), shows that there are existing bodies that have been established internationally to help to control of movement of e-waste across borders. The bodies listed include the Basel convention which presents four main aims related to the waste hierarchy of prevention, reduction, recovery and final disposal. Thus it attempts: first, to reduce hazardous waste generation at its source; second, to promote and ensure the environmentally sound management (ESM) of hazardous waste; third, to promote the proximity principle, advocating disposal as close to the source as possible; and fourth, to regulate and monitor the remaining trans boundary movements of hazardous waste. The second body is the Rotterdam Convention which promotes shared responsibility between exporting and importing countries in protecting human health and the environment, and provides for the exchange of information about potentially hazardous chemicals that may be exported and imported. The third is the Stockholm Convention on Persistent Organic Pollutants that was adopted in 2001 and entered into force in 2004. The Convention aims at protecting human health and the environment from chemicals that remain persistent in the environment for long periods, are distributed globally and accumulate in the fatty tissue of humans and animals.
In Africa, Lundgren (2012), the Bamako convention on the ban of the import into Africa and the control of trans boundary movement of hazardous waste within African and was signed in Bamako, Mali in  January 1991 and entered into force in 1998. This convention aims to prohibit the importation of all hazardous waste, for any reason, to Africa from non-contracting parties even parties which are not signatories to the Basel Convention. The convention was implemented in order to impose a stronger message about trade in hazardous waste and management within Africa. However, according to Lundgren (2012), the enforcement of the Bamako convention remains a challenge because of the lack of adequate and predictable resources. The Durban declaration of e-waste management in Africa of 2008 followed the 2006 Nairobi ministerial declaration of e-waste development. This requires countries to follow their own process to define their responses and formulate actions in relation to the e-waste problem. It calls for the establishment of an African regional platform and / or an e-waste forum in cooperation with established African networks and international bodies. The Libreville declaration on Health and Environment in Africa recognizes that there is a need for further research and policies to increase understanding of the vulnerability of humans to environmental risk factors, particularly in Africa. Risk factors identified in relation to e-waste are chemicals, poor waste management practices and new toxic substances.
Despite of the efforts of different conventions and legislatures, there is still a loophole that needs to be checked to find solutions in order to control the e-waste problem in Africa. According to Schluep et al (2008), It is expected that only around 10% of those computers (e-waste) reach the waste stream, whereas the rest is kept in storage without being used. The 10% in the waste stream get collected by individuals, whereas material and parts are sold informally and the rest gets dumped informally. This suggests that Uganda has built up a computer waste stock of approx. 80,000 pieces. This equals to about 2,000 tons of computer waste (desktop unit and CRT screen) in total, which contains e.g. 80 tons of printed circuit boards and 400 tons of plastic. This numbers are hypothetical but represent a realistic order of magnitude.
Urban mining process a common practice that involves shredding of e-waste in search of precious metals like Gold, aluminum and silver which can be reused to create other products is widely used by recycling companies around the world.
According to Okumu (2012), Environment full of e-waste may harm even the underground resources of a country. Natural resources such as gold and silver may be influences from the e-waste by finding them more quickly than using the traditional way of mining. Such metals are recycled to enrich the economy of different countries. This has been implemented in East Africa by the Rwanda government in Bugesera district according to Wasswa and Schluep (2008). 
In Uganda, according to NITA (2014) report, there is only one incinerator plant owned by government and operated by Uganda People’s Defense Forces (UPDF) in Nakasongola. Asiimwe and Aka (2012) shows that despite the challenge of e-waste in Uganda, the government has interest in refurbishing and re-use of ICTs. He adds that, “refurbished goods are considerably cheaper than brand new goods.” this is one of the methods that can be embraced in Uganda in order to narrow down the stream of e-waste in developing countries and to boost environmental conservation in Uganda.  
Asiimwe and Aka (2012), adds that private sector organizations are steps a head of government in dealing with e-waste. Due to challenges involved in recycling, the government is interested in supporting and partnering with private sector organizations that are working on the issue.
SebakijjeDaniel (2017), filed a report that, “As countries continue to grapple with problems of waste management with almost no solution anywhere near soon, in the neighboring Rwanda, the country is already reaping big following the introduction of an E- waste facility, a new innovation that has brought smiles to the communities. As we speak, Rwanda has the only E-recycling facility in the region that is destined to change the health of the entire East African community. “Olivier Mbera the managing director of the Rwandan recycling facility recommends that e-waste management is the way to go for management and conservation of the environment. 
Establishment of recycling centers where e-waste can be shredded for precious metals that can be melted for reproduce other products is more reliable for effective e-waste management though according to the report by East African Communications Organization (2013), recycling and disposal of e-waste may involve significant risks to workers and communities. Great care needs to be taken to avoid unsafe exposure in recycling operations. This method operates like mining metals and extraction of chemicals from e-waste thus the name, “urban mining”. This is expensive to establish and maintain in low developed countries. However, this is the best method needs to be embraced in all East African countries to ensure that each of the countries has at least two centers that are regulated and controlled by clear policies for effective control of e-waste and environment conservation. National Information Technology Authority (2014) report recommended that “The collected e-waste can be sorted and sold as exports to countries that have recycling facilities as government through UIA attract investment in recycling e-waste.”
Besides Urban mining, refurbishing of electronics to have a polished and extended functional life of equipment to feed it into the second-hand market is another way of controlling e-waste from damaging of the environment. Wasswa and Schleup (2008), reported that imported second-hand computers through professional refurbishment center have a life span of approx. 5years. They however, added that 10% of 53,000 computer units reach the waste stream whereas the rest is kept away in storage without being used. Okumu (2012), in his report states that in countries of Tanzania and Uganda there is no clear disposal mechanism and large stocks of e-wastes are being held in storage by consumers. This is more likely to increase the accumulation of e-waste as more devices and computers are purchased to serve up to their end of life. Okumu (2012), adds that “recycling options for parts from e-wastes such as plastics, metals (ferrous, aluminum and copper) do exist and should be explored. Recycling options for printed wiring boards, CRT tubes and hazardous fractions (e.g. PCBs, mercury, batteries) do not exist”. This calls for a study on how best e-waste needs to be managed in developing countries like Uganda where recycling centers for hazardous e-waste can be processed to ensure environmental conservation.
[bookmark: _Toc22375686]2.2.4.	Models
Zhong and Shiller (2008), proposed a model that can be used to control and manage e-waste and called it “the third party recycler”.  In this model, a third party who performs as an intermediary between consumers and vendors to collect, inspect, recycle and distribute the usable parts of electronics as well as dispose unusable parts properly as illustrated in the  below:
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Figure 2.1: The Third Party Recycler Model. Source: Zhong and Shiller (2008)
The third party recycler method of Zhong, Shiller (2008) is a reliable method for e-waste management and control if the third party manages the end point centers. Without proper management of market for used items and disposal sites for unusable parts. This model will not have a proper solution to the problem of e-waste in developing countries like Uganda. 
On the other hand however, Kottapalle et al (2015), suggested a model whose objective was to help control and manage e-waste.
In the model, Kottapalle et al (2015), suggested training of the informal sector that is involved in the collection of e-waste and provision of the proper infrastructure and safety. The next phase in the suggested model is the checking of the e-waste by the technical team which is to filter usable parts from unusable parts. The usable part to be given to the manufacturer. The manufacturer will then use the received parts to create new products and sell them at a low price. The unusable parts are reexamined to be recycled or not. The last phase for the suggested model was use of the remaining e-waste for construction. Figure 2.2 below shows the model as suggested by Kottapalle et al (2015).
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Figure 2.2: Kottapalle Model, Source: Kottapalle et al (2015).
This model was however intended to be used by manufacturing company to manage re-cycle their e-waste. This model has limitations in management of e-waste in developing countries especially those which don’t have ICT manufacturing industries such as Uganda but practice importation of ICTs. 
Basing on the distribution of phases in the Kottapalle et al (2015) model, developing countries can easily adapt to the model if improved to cater for the importation and easy regeneration and creation of new products using cheap hardware technology and other plastics that are dumped or burnt to damage the environment. The model does not show how imported ICT gadgets that have ended up as waste in developing countries which don’t even have an established e-waste recycling center can be managed.  Therefore this study wasto come up with a model that can be used in developing countries to help in the management and controlling of e-waste. A model that can be embrace and can be applicable to Uganda as a developing country.
On the other hand, Yasmin (2018) suggested that in order to effectively control e-waste and its impacts, there is need for the corporate sector who purchase ICT gadgets in bulk to take a lead in the fight. He adds that “As bulk consumer, the corporate sector should purchase the higher quality products that last longer and can be repaired and follow the proper methods of recycling the products once discarded. The computation sector initiates Green Information Technology (Green IT) campaign that directly or indirectly addressed environmental sustainability for a better future.” Yasmin (2018) suggestion to engage corporate sector in the fight of e-waste should be boosted with the help of government policies which should clearly specify the quality of the imported products and specify the minimum durability time before they are rendered waste.
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Figure 2.3: The Conceptual Framework. Source: Adopted from Kottapalle et al (2015), Zhong and Shiller (2008) and modified by the researcher 2019
Figure 2.3 above shows independent variables, dependent variables and intervening variables. A change in independent variables directly affects independent variables. For instance, a change in the methods of e-waste management such as existence of e-waste collection center, an improvement of grade of imported ICT gadgets, increase in transformation of e-waste into other reusable products and application of an established mode for e-waste management reduces the rates of toxic elements and heavy metals in ground, water and air. Training of informal sector increases the implementation and following of established laws and also reduces the work of environmental conservation bodies to ensure environmental conservation.  
However, there are other intervening variables the role of other factors that may exist, Human settlement, human survival activities and solid waste.
[bookmark: _Toc22375690]
CHAPTER THREE
[bookmark: _Toc22375691]METHODOLOGY
[bookmark: _Toc22375692]3.1.	Introduction
E-waste management and control calls for methods, technologies and sensitization strategies that can be used to effectively educate the general public and control the growing numbers of machines and devices that reach their end of life and are dumped in landfills, burnt to ashes or kept away in stores and houses due to lack of knowledge of disposing off such devices in the right way. This chapter focuses on the methods that were used when carrying out the research.
[bookmark: _Toc22375693]3.2.	Research Design
The research findingswere based on qualitative analysis of data that were collected from the stake holders of computers. The study was conducted with the help of questionnaires and interview as tools for data collection. The researcher then compiled the finding and documentation was made. The research was conducted using sampling technique to represent a bigger population when collecting data.  The researcher made a study on possible products that could be created from e-waste. The researcher used Audio-visual recording gadgets for effective visual demonstration when testing the model and the possible products that could be made out of e-waste.  This was attained by studying products on market and those whose technology could be boosted using easily accessible technology on market to make new products on the market. Besides the field data that was collected, the researcher reviewed records from government bodies to make a detailed follow up and to avoid unnecessary error during data compilations.  
The researcher used basic information about computer hardware, its functions to control and manipulate used second hand and old computers whose hardware had failed and couldn’t partially or fully function any more. The researcher focused on the common hardware that fail and can easily be considered waste. The researcher also considered hardware components that normally get spoiledand other electronics that could be easily manipulated to create new products at a low cost. For example keyboards, mouse, screens, motherboards, systems units, flush disks, Compact Disc, DVDs, mobile phones, funs and radios. 
 (
Analytical study
)Many devices use Light Emitting Diodes (LED) but these are not prone to getting spoiled easily. Laptop screens that get shutteredthatcould be transformed to become light sources in this project. This is because it consumes a maximum of 12volts and has a good number of LED lights in its sides. Further study was made to investigate the possibility of reusing laptop LCD screens to come up with a handy LCD TV set or extended monitor with minimum cost. This helped to find an alternative use for screens of spoiled laptops whose screens are still in good condition. This was to help to reduce the rate of dumping and burning of e-waste which damages both the environment and human life. The figure 3.1 below shows a summary of the design.
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Figure 3.1: The research design
[bookmark: _Toc22375694]3.3.	Study population
The study population was152. These were both Ugandans and non Ugandans dwelling in NkumbaUniversity, University of Kisubi, KisubiMapeeraSecondary School, KennedySecondary School and movie vendors around Nkumba and University of Kisubi in Entebbe. The study focused on ICT and computer users in the selected educational institutions.  This involved computing students, administrative assistants, store managers, lecturers and tutors who use computers and are involved in the process of disposing off computing devices. The study was conducted based on the sapling method of Krejcie& Morgan (1970).	
[bookmark: _Toc22375695]3.4.	Sample size determination
The study was conducted with a sample size calculated based on p=0.05 where the probability of committing type 1 error was less than 5% or p<0.05. 
S=X2NP(1 – P) / d2 (N-1) + X2 P(1-P)
where,
s=required sample size
X2 = The table value of chi-square for 1 degree of freedom at the desired confidence level (0.05=3.841).
N=the population size
P=the population proportion (assumed to the 0.05 since this would provide the maximum sample size)
d=the degree of accuracy expressed as proportion (0.05).

The research was conducted with a random sample size of 142 respondents. This included the 90 from whom data wasto be collected using questioners, 52 respondents whomwere to be interviewed.  However, ten (10) respondents did not respond which brought down the size to 142 respondents.

Table 3.1.Sample size and sampling techniques
	Institution
	Population
	Sample size
	Sampling techniques

	Nkumba University
	20
	18
	Random sampling

	University of Kisubi
	20
	17
	Random sampling

	KisubiMapeera Secondary School
	20
	20
	Random sampling

	Kennedy Secondary school
	20
	20
	Random sampling

	Entebbe Secondary School
	20
	15
	Random sampling

	Kawuku - Kitala
	22
	22
	Random sampling

	NkumbaBukolwa
	15
	15
	Random sampling

	NkumbaBwayise
	15
	15
	Random sampling

	Total
	152
	142
	


Source: Primary Data (2019)
[bookmark: _Toc22375696]3.5. Data collection procedure
The researcher used three main data collection tools and these included the use of questionnaires that was both structured and semi-structured questions. The second tool of data collection was the use of interview guide and the third tool was the audio visual recorder. 
The interview guide was used purposely to help in situations where respondents could not write or did not find use of questionnaire convenient during the study. The researcher used the interview guide to have a one on one open discussion with the respondents. The total number of respondents interviewed was 52 respondents from places of NkumbaBukolwa, NkumbaBwayise and Kawuku - Kitala.

The frequencies were computed from collected data from the respondents. Besides the use of questionnaires and the interview guide, the researcher made use of the audio visual recording device when testing the effectiveness of the model and capturing evidence during the study. The compilation of the recorded footage was done using premiere pro and Sony Vegas Pro 14 which had a capability to encode. 
[bookmark: _Toc22375697]3.6.	Data collection instruments.
The study was conducted and data was collected using tools which included the following:
3.6.1.	Self administered questionnaire
The self administered questionnaires were used in the study. This had both structured and un structured questions that a respondent would easily answer in a short time. The self administered question were used to ease data collection from respondents since the study was to be carried out during working hours of the week
3.6.2.	The interview guide
The interview guide was another tool that was used during the study. The interview guide had questions that were to be used to collect data from respondents. The interview guide had easy to answer question to enable the researcher collect data with ease from respondents who would find it hard to write during working hours especially movie vendors and workers in places around the selected educational institutions.
3.6.3.	Audio visual recorder. 
The audio visual recorder was used in data collection to help have both graphical and visual evidence during the study. The audio-visual recorder also was used to capture images of the developed products from e-waste especially during the testing phase of the experiment.
[bookmark: _Toc22375698]3.7.	Ethical consideration
The researcher introduced himself to the respondents and asked for consent to access premises under study. The researcher assured to protect and conserve privacy of sensitive and confidential information that might be stumbled across during the study. 
[bookmark: _Toc22375699]3.8.	Limitations of the study
The main limitation of the study was the lack of a recycling center in Uganda where further analysis and trial of the proposed model would be made. The second limitation of the study was the financial support and the timeframe to cover a wider scope which required more financial support in quest for data, fulfillment of the study at a wider scope and the limited time for the study.
[bookmark: _Toc22375700]
CHAPTER FOUR
[bookmark: _Toc22375701]DATA PRESENTATION, ANALYSIS ANDINTERPRETATION
[bookmark: _Toc22375702]4.1.	Introduction
This chapter presents the data presentation, analysis and interpretation	. The findings from the collected data are expressed in percentages.  The data was collected using tools like the interview guide, questionnaire and audio visual recorder.
[bookmark: _Toc22375703]4.2.	Methods used in disposing off of e-waste
The researcher examined a sample of 142 respondents of the methods used in management of e-waste in educational institutes in Entebbe. The educational institutes under study included NkumbaUniversity, University of Kisubi, EntebbeSecondary school, KisubiMapeera secondary school and Kennedy secondary school. 
[bookmark: _Toc22375704]4.2.1.	Open space burning method
The results revealed that 13 respondents making 8.7% strongly disagreed and 68disagreed to the use of burning of e-waste as a method of disposing off of e-waste making 45.3%. The overall percentage for the respondents in disagreement was 54%. 44 respondents agreed to the use of burning of e-waste making 29.3% and 15 respondents strongly agreed making 10%. The overall percentage of respondents in disagreement was 39.3%. Only 2 respondents were not sure making a percentage of 1.3%

4.2.2.	Shredding and recycling method
The use of shredding and recycling of e-waste assessment revealed that 122 respondents strongly disagreed to the use of the shredding and recycling method making 81.3%. 14 respondents also disagreed making 9.3%. The total percentage in disagreement was 90.7%. Only 6 respondents were not sure of the use of the method making 4%.



4.2.3.	Landfill method
Landfill method of disposing off of e-waste results revealed that 98 respondents strongly disagreed making 65.3% and only 2 respondents disagreed making 1.3% the overall was 66.6%. 15 respondents were not sure making 10% and 20 respondents agreed to the use of land filling method making a percentage of 13.3% and only 7 strongly agreed to the use of land filling method making a percentage of 4.7%.
An assessment for the availability of established collection centers for e-waste was done. 80 respondents making 53.3% disagreed, 57 respondents were not sure making 38% and only 5 respondents agreed to the availability of collection centers making 3.3%.
The researcher followed up to “Kavundira” the main dumping area in NkumbaBukolwain Entebbe. The site was found at a global location of 0.090154, 32518546 with a distance of 1.74km from NkumbaUniversity. The site covers a total of 311.74 m (1,022.77 ft).
The location of the site was found to be surrounded by a human settlement, a garden and a wetland next to Lake Victoria. The location of this site and the activities carried out at this site exposes nature to toxic material and gases emitted from the burning in open space of polythene, plastic and electronic waste.
[image: Screenshot from 2019-08-02 14-38-27]
Figure 4.1: The aerial view of NkumbaBukolwa dumping site in Entebbe.

The site holds solid, polythene and e-waste. The site was has been in existence for over 25 years. It is a dumping area of waste from entire Entebbe area. 85% of the site is filled with polythene and plastic collected from different places including schools, hotels, restaurants, Entebbe airport and markets. And 15% is electronic waste that comes from offices and people’s houses. 
These are burnt in open space in an interval of two months. Figures 4.2, 4.3, 4.4 and figure 4.5 below show evidence of e-waste and polythene dumping in NkumbaBukolwa dumping site.
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Figure 4.2: Dumped Polythene at NkumbaBukolwa dumping site

[image: wps_clip_image-15925]
Figure 4.3: Dumped Cable tracking at NkumbaBukolwa dumping site

Figure 4.2,  figure 4.3, and figure 4.4 are evidence of miss management of e-waste and polythene found at this site though the authorities from Katabi town council running this dumping site said that “all toxic material are managed by burning them in an incinerator located in Entebbe General Hospital.” With emission of toxic gases and material like Beryllium, Chromium, Barium which are too dangerous to human life makes the decision of burning e-waste in sensitive places like hospitals a deadly decision. The officials from Katabi town council revealed that there was a plan of constructing an incinerator in Kigungu for management of toxic materials.
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Figure 4.4: Circuit Breakers, Coaxial Cable and a part of the CD-ROM (Electronic Waste) at NkumbaBukolwa dumping site
In addition to NkumbaBukolwa dumping area, In Kawuku – Buzzi village is a wetland which has become a dumping ground for both solid and e-waste from areas of Kisubi, Kawuku and Buzzi areas. The researcher found signs indicating that waste is illegal though dumping is still carried out both along the road to Sissa and along the wetland next to Kennedy secondary school. This site was also found with evidence of e-waste dumping which comes from areas of Kisubi, Kawuku, WamalaandBuzzi. Figure 4.5 shows the current condition along Buzzi swamp in Kawaku-Buzzi village. This shows environmental degradation caused by dumping of waste along the Buzzi wetland.
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Figure 4.5: Dumping of polythene and e-waste along Buzzi wetland.

The researcher found that some businesses around University of Kisubi use e-waste as a “sign post “showing the presence of a TV mechanic next door. This was seen in Kawuku-Buzzi, Kisubi and Kitala.However, the evidence of e-waste in Buzzi was minimal as compared to NkumbaBukolwa dumping site. Polythene dumping on the other hand was outstanding in both sites.
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Figure 4.6: CDs and Television sets in Kitala and Kawuku (University of Kisubi suburbs)

[bookmark: _Toc22375705]4.2.4.	The lock-away method
An assessment on waste management revealed that 25 respondents making 16.7% strongly agreed to the use of keeping e-waste in their houses as a method. 82 respondents also agreed to practice of the same method making 54.7%. The overall percentage that was practicing the lock-away method was 71.3%. 19 respondents were not sure making 12.7% and only 16 respondents disagreed to the practice making 10.7% 

60% of the sampled educational institutions had an established policy of disposing off e-waste. The procedure and implementation e-waste disposing was found to be under the procurement and logistics offices of the sampled institutions. 40% did not have a well established policy of disposing off of e-waste. These were using a lock-away method which involved locking away all spoilt computer hardware in a store as shown in figure 4.7 below.  
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Figure 4.7:  E-waste lock-away method in schools

However, there was some reuse of hardwarepracticed in all educational institutions under study.  The reuse method involved printer ink refilling, exchange of hard discs, Random Access Memory chips and motherboards extracted from spoilt computers to be replace in other computers to extend their life. One institution was found to be practicing hardware reuse as a learning exhibit for computer and ICT students as shown in figure 4.8. This method of reuse of computers confirmed Uddini (2012) methods of refurbishing and reuse of computer hardware to extend their life in government and educational intuitions.
[image: ]
Figure 4.8     Computer hardware electronic displayboard (e-waste reuse) in schools.
[bookmark: _Toc22375706]4.2.5.	Refurbishing method
12 respondents strongly disagreed to the use of the refurbishing method making 8%, 45 respondents disagreed to use of the method making 30%. However 20 respondents were not sure making 13.3%. 35 respondents were using refurbishing method making 23.3% and only 30 strongly agreed to the use of the method making 20%. The overall percentage of respondent how agreed was 43.3% and only 38% were not using the method.
[bookmark: _Toc22375707]4.2.6.	Existence of e-waste laws
The assessment showed that 121 respondent were not sure of the existence of laws governing e-waste making a percentage of 80.7%. 20 respondents were aware of the existence of governing laws of e-waste making 13.3% and only one respondent disagreed to the existence of governing laws making 0.7%.
[bookmark: _Toc22375708]4.2.7.	Established model
65 respondents making 43.3% strongly disagreed to the existence of an established model used to manage and control the increase of e-waste and77 respondents making 51.3% were not sure of the existence of an established model for e-waste management and control.
[bookmark: _Toc22375709]4.2.8.	Existence of informal sector in e-waste management
80 respondent making 53.3% agreed to the existence of informal sector and 31 respondents making 20.7% strongly agreed to the existence of informal sector.31 respondents were not sure of the training of the informal sector in management and running of e-waste business making 20.7%. On the other hand, 19 respondents making 12.7% agreed to the existence of trained personnel in e-waste business.121 respondents were not sure making 80.7% and only 2 respondents making 1.3% disagreed to the existence of trained personnel in e-waste management.
The researcher followed the route to the end points of out dated and spoilt computer from educational institutions in Entebbe to make an assessment of the end points of e-waste. The immediate endpoint of e-waste was Uganda’s capital Kampala in the downtown of Katwe-Kalitunsi. The sorting of computer hardware and other electronics was made by the informal groups of youth and were assembled and sold off to other business people for reuse as shown in figure 4.9. The remaining components were shredded; sorting was done, grouping all e-waste into plastic, circuit and metals. 
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Figure 4.9: E-waste from schools assembled for selling in Kampala (Katwe-Kalitunsi)

Recycling of e-waste was found to be run under informal sectors with untrained operators. The process of recycling was not formally structured. It was done in open space and involved the use of manual tools like harmers, pair of pliers and screwdrivers with no protective gears. This condition was exposing the nature and the human life to toxic gasses and metals as the shredding was done.
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Figure 4.10: Shredding and sorting by the informal sector in Kampala (Katwe-Kalitunsi)

[bookmark: _Toc22375710]4.2.9.	Quality of imported ICT
The study results showed that 62 respondents making 41.3% were not sure of the quality of ICT gadgets that are imported. 25 respondents making 16.7% agreed to the importation of low quality of ICT gadgets, 10 respondents making 6.7% strongly disagreed to the importation of low quality and 45 respondents making 30% disagreed to the importation of low quality of ICT gargets.
Kiosks dealing in vending of movies, software and music around universities and secondary schoolsweredirectly contributing to the mismanagement and uncontrolled disposing off of e-waste. The study showed that 45 kiosk owners making 90% burn off all spoiled compact Discs and DVDs at their private rubbish pits while 5 respondents making 10%give wasted CD and DVDs to their children as toys to play with. All the 50 kiosk owners strongly agreed that other bigger or heavy spoilt electronics like printers and photocopiers are kept away or put aside when better equipment is acquired. 
[image: wps_clip_image-7365]
Figure 4.11    The lock away method in stationary and paper duplicating shops around education institutions in Entebbe.

[bookmark: _Toc22375711]4.2.10.	Percentage household with a computer
Statistical data from the Uganda Bureau of Statistics (2017) against the statistics from the National Information Technology Authority (2018) comparing the percentage household with a computer. The statistics revealed that there was an increase of possession of computers by 2.1% since the national census of 2014. There was an increase of possession of computer by 1.8% in rural areas since 2014. However, there was a reduction of possession of computer in urban areas by 1.1% and a decrease of 2.7% of possession of desktop computer was registered since 2014. Additionally, a decrease in possession of portable computers was 36.5% since 2014 census. This information is summarized in the table 4.1 below.

Table 4.1 The percentage increase in ownership of computer in a period of four years since the 2014 national census.
	
	2014
	2018
	Percentage increase

	National
	3.8%
	5.9%
	2.1%

	Rural
	2%
	3.8%
	1.8%

	Urban
	10%
	8.9%
	-1.1%

	Desktop computer
	4%
	1.3%
	-2.7%

	Tablet computer (or similar handheld computer)
	38%
	1.5%
	-36.5%


Source: Secondary; Uganda Bureau of Statistics UBOS (2017) and National Information Technology Authority NITA (2018)
[bookmark: _Toc22375712]4.2.11.	Heavy metal concentration
Following the exposure of toxic metals, data about the toxic concentration of heavy metals in Lake VictoriaBasin was reviewed and revealed that according to Ugandan standards, the levels of contamination of the groundwater were 20% for Aluminum (Al), 4.2% for Chromium (Cr), 66.7% for Manganese (Mn) and 58.3% for Iron (Fe). The trace elements levels exceeding the WHO guideline values in surface water were 33.3% for nickel, 25% for antimony. 31% for nickel, 6% for copper, 13% for Zinc, 25% for arsenic, 6.7% for selenium, 13.4% for barium and 40% for lead.Bakyayita et al (2019). 
This statistics were in line with the findings of Bamuwamye et al (2017) which reported that “ In Kampala, As, Mn and Hg found in water may be related to sand mining operations,  agricultural drains, improper waste disposal and incineration of toxic wastes around Lake Victoria”. The heavy metal concentration in the Lake Victoria basin confirmed the existence of environmental degradation and toxicity in wetland soils and plants in Lake Victoria basin in a report by Nabulo et al (2008). The heavy metals listed by NITA (2014) were found to be existing in high rates according to Ugandan standards.

[bookmark: _Toc22375713]4.2.12.	Environmental Conservation
There was dumping of e-waste in wetlands and open ground. An assessment of dumping was made at Buzzi wetland and at NkumbaBukolwa in Entebbe. There was evidence of dumping of e-waste, plastic and polythene. At Buzzi wetland, polythene bags were the most vivid content followed by organic content. E-wastewas the least vivid content. This was mainly compact Discs and DVD and computer monitor housing material. This was attributed to businesses around Kawuku which includes movie vendors and electronic mechanics as shown in figure 4.6 above.NkumbaBukolwa dumping ground locally known as “Kavundira” has polythene material making 52%, 30% fororganic content from Entebbe area and 18% were e-waste. This confirms Nakkanga (2006) report that there is miss management of waste in Entebbe. Figure 4.4 and figure 4.3 above confirmed that e-waste was also found to be dumped at this site.
Data was collected revealed that 20 strongly agreedto the dumping of e-waste in wetlands making 13.33%, 67 agreed making 44.7%, 40 were not sure making 26.7%, 13 respondents disagreed making 6.8% and only 2 respondents making 1.3% strongly disagreed that there was dumping of e-waste in wetlands, water bodies, open ground and land filling making a percentage of 2%.
Analysis was done examining the role of environmental conservation bodies to protect the environment and the results showed that 50 respondents making 33.3% strongly disagreed, 60 disagreed making40% and 25 were not sure making16.7% and only 7 respondents agreed making 4.7%.
There was no sensitization about e-waste management and its dangers by the government among the local dwellers. This was evidenced by 132 respondents strongly disagreeing to sensitization making 88%, and 10 disagreed making 6.7%.
Besides e-waste contribution, there were other factors that were proven to be directly contributing to the environmental degradation.An assessment was done and 30 respondents disagreed to human settlement making 20%, 17 respondents were not sure of the presence of human settlement in wetlands making 11.3%, 60 agreed to the presence of human settlement in wetlands making 40% and 35 strongly agreed to the presence of human settlement in wetlands making 23.3%
Human activity like farming, forestry and brick making in wetlands was assessed. Results showed that 20 respondents were not sure of such activities making 13.3%, 112 were in agreement making 74.7% and only 10 strongly agreed making 6.7%

Table 4.2: Summary of methods used in disposing off e-waste
	
Methods Used in disposing off e-waste
	Percentage

	
	Agreed
	Disagreed

	Open space burning
	39.3%
	54%

	Shredding and recycling
	-
	90.7%

	Landfill 
	18%
	66.6%

	Lock-away
	71.3%
	10.7%

	Refurbishing
	43.3%
	38%

	Awareness to Existing laws of e-waste
	13.3%
	0.7%

	Established model
	-
	43.3%

	Untrained informal sector
	53.3%
	1.3%

	Dumping of e-waste in open space
	58.03%
	8.1%


Source: Primary data 2019
The percentages in the table above show that the lock-away method is the mostly used as compared to the rest of the methods used when disposing off e-waste. Shredding and recycling methods were not used. Open space burning was used at a percentage of 39.3%. The high frequencies of use of lock-away method means that spoiled electronics are disposed off in bulk which increases the rate environmental degradation. 

[bookmark: _Toc22375714]4.2.13.	Health concerns
There was no health complications reported as a result of e-waste dumping and reuse. This means that e-waste might be disastrous to human life after a long exposure to e-waste and its miss management.
[bookmark: _Toc22375715]
CHAPTER FIVE
[bookmark: _Toc22375716]SYSTEM DESIGN AND IMPLEMENTATION
[bookmark: _Toc22375717]5.1.	Introduction
This chapter explains the system design, experimentation and implementation of the possible ways of managing e-waste to come up with a model that can be embraced to effectively manage e-waste to conserve the environment.
The researcher studied the available methods used to control electronic waste in educational institutions in Entebbe and their contribution to the environmental conservation. A reliable model that was experimented and tested using old hardware extracted from old computers and other electronics together with additional hardware that was cheaply available on local market were used. The researcher carried out experiment using methods which included the e-waste reuse, lock-away and refurbishing method.

[bookmark: _Toc22375718]5.2.	Implementation
[bookmark: _Toc22375719]5.2.1 	Lock-way method
The lock-away method was not reliable for management and controlling e-waste in developing countries. It was clear that room space was getting occupied as more compact discs, CRT screens, monitor casings and other hardware were piled up. This would result in massive disposing off of e-waste which would add more damage to the environment over time. 

[bookmark: _Toc22375720]5.2.2.	Reuse and refurbishing methods
The e-waste reuse and refurbishing methods were implemented and proved to be effective when the researcher examined the possibility of extracting functional hardware from an old laptop whose hard Disc and motherboard were no longer functioning.  The researcher extracted an LCD monitor from the laptop, a power connector pin from a faulty power adapter and a power supply from a Pentium II oldcomputerwhose hard Disc was faulty.  These were put together in addition to a new cheap circuit board. Results showed that it was possible to recreate a reliable multipurpose display unit which was used as an externally extended monitor, a USB player and a handy, portable Television set. This was powered using a power supply extracted from an old computer. In additional to the created multipurpose display, a pair of cheap LED lights were added to the power supply to come up with a reliable light source.

Additionally, the researcher found that there were hardware parts and circuit boards and other cables that ware no longer functional. These were transformed into art work.  A hard disc from an old laptop and circuit boards from an analog antenna motor control were used to in the creation of the art work. Twisted pair cables wire together with copper wires and a plastic cable insulating shield were used to make a finishing part to the art work. A structure of a man lifting e-waste as a heavy load and standing on CDs for a base was created. This proved that e-waste can be put back to use to reduce the impact of e-waste on the environment. 

[bookmark: _Toc22375721]5.3.	Testing
The setup was tested and monitored for a period of 30 days and proved to be stable and reliable mostly for domestic consumption. The power consumption for the multipurpose display, and the pair of lights was 12Volts each as seen in figure 5.1 below. 

The results proved that there is another invisible form of electronic waste existing; this e-waste is form of waves. The Uganda Communication Commission launched the migration from analog transmission to digital transmission. All televisions using analog Ultra High Frequency (UHF) were turned off switching to digital transmission but there was a signal of UHF that is still received though not used by television sets any more. This is the signal that the created Television used using an ordinary coaxial cable and a silver wire or an ordinary antenna without a decoder.

[image: ][image: ]
Figure 5.1:	Multipurpose display unit developed from E-waste under testing
[bookmark: _Toc22375722]5.4.	 System Design
The researcher based on the effective methods found to be used in educational institutions in Entebbe and were not contributing to environmental degradation together with the researcher’s experimented methods and came up with a reliable model to control e-waste especially in developing countries like Uganda. The figure below shows the Damian’s e-waste management model.
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Figure 5.2: 	The Damian’s e-waste management Model 
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[bookmark: _Toc22375724]CONCLUSION AND RECOMMENDATION
[bookmark: _Toc22375725]6.1.	Conclusion
The comparison of the statistical data about the ownership of computers of 2014 by UBOS and the statistical data from NITA 2018 showed an increase national wide by 21% and in rural areas by 1.8% yet there was a decline in urban areas of 1.1%. This means that there is a possibility that computers that are almost reaching their end of life are taken to rural areas to be used or computers in urban that have reached their end of life and cannot serve any more are discarded off as e-waste. 
The method of e-waste reuse found in educational institutions was environmental friendly and recommendable for using in developing countries as a major method for managing and controlling electronic waste.
Basing on the methods found to be used in disposing off of e-waste such as lock-way, refurbishing of e-waste found in both education institutions in Entebbe and methods of landfill and open space burning found in NkumbaBukolwa dumping area locally known as “Kavundira”, there is a positive relationship between e-waste management and environmental conservation.
In consideration of the experimentation of electronic waste reuse, there is a positive relationship between e-waste reuse and environmental conservation. 
In a nutshell, there is a combined positive effect of e-waste management, e-waste reuse on environmental conservation.
[bookmark: _Toc22375726]6.2.	Recommendations
Based on the findings of this research, the researcher recommends the following:
The study revealed that there are no established centers for e-waste management and e-waste as burnt and shredded in open space, the researcher therefore recommends an establishment of collection centers for electronics that have reached the end of their life time and protected by law.
There is also need to establish recycling centers and spread to at least four major provinces and collection centers in each district for easy collection and recycling.
In order to effectively conserve the environment, the researcher recommended that established bodies such as NEMA, NITA need to enforce monitoring and sensitization of Ugandans about dangers, impact and how to control e-waste.
There is need to establish training institutions for personnel who deal in e-waste management and control. This is based on the existence of informal sector who are not trained and are directly involved in e-waste business.
The researcher recommended that the government needs to empower innovations and boost the market of locally assembled products in order to reduce the rate of importation of gadgets that later become electronic waste. This was based on the successful transformation of e-waste into better products.
There is need to embrace the Damian’s E-waste Management Model to help in proper control and management of e-waste in developing countries like Uganda.

6.3.	Further research
Further research needs to be done to investigate the impact of the e-waste on environment in the Lake Victoria basin.
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APPENDICES
[bookmark: _Toc22375729]APENDIX I:	INTERVIEW GUIDE

NKUMBAUNIVERSITY
Interview Guide
Introduction
This research is conducted by Sserunkuma Damian, a student of NkumbaUniversity pursuing a master’s degree in Computing and Information Technology of Nkumba University. The purpose of the study is to collect data from both computer users and those who are directly affected by the disposal of computing and Information Technologies. You are requested to actively participate in this study. Your information details will be compiled and sensitive information will be kept confidential in this research.  
Respondents are required to respond to the following
What is your age bracket?
What is your occupation?
Do you use computers?
If yes, Do you use first hand devices or you use other?
How did you acquire your devices?
Have you ever had any electronic device and it gets spoiled?
Which device was it?
Have years did you work with your device before getting spoiled?
How do you dispose off your spoiled devises?
Do you have reasons for using that method of disposing off your device?
Do you have an established place where you can dispose offICTs
If Yes, Who is responsible for that facility?
What challenges do you face in management of electronic waste?
Do you experience illnesses related to toxic gasses?
Are there victims around of toxic gasses or anything else as a result of electronic waste?
What do you think needs to be done to help control e-waste in Uganda?


[bookmark: _Toc22375730]
APPENDIX II:	QUESTIONNAIRE
NKUMBAUNIVERSITY
RESEARCH QUESTIONNAIRE
Introduction
This research is conducted by Sserunkuma Damian, a student of NkumbaUniversity pursuing a master’s degree in Computing and Information Technology of Nkumba University. The purpose of the study is to collect data from both computer users and those who are directly affected by the disposal of computing and Information Technologies. You are requested to actively participate in this study. Your information details will be compiled and sensitive information will be kept confidential in this research.  
Respondents’ information
What is your age bracket?
   12 – 17		18 – 25		26 – 35		36 – 45		46 – 55
   56 – 65 		66 – 75		76 - 85			86 – 95		others
Tick at your gender
Female			Male
In this section, tick the option that applies to the best of your knowledge or evidence.
SD = Strongly Disagree,	D = Disagree	NS = Not Sure	A = Agree	SA = Strongly Agree
	
	SD
	D
	NS
	A
	SA

	Methods used in disposing off of e-waste

	Burning of e-waste is practiced as a method of disposing off of e-waste
	
	
	
	
	

	Burying of e-waste underground is used as a method 
	
	
	
	
	

	There is shredding and recycling of e-waste done
	
	
	
	
	

	Management of e-waste

	There are established e-waste collection centers
	
	
	
	
	

	Waste is kept in houses as a method of managing e-waste
	
	
	
	
	

	Recycling and shredding is used as a method when disposing off e-waste
	
	
	
	
	

	Refurbishment method is used as a method of e-waste management
	
	
	
	
	

	There are established laws governing e-waste management
	
	
	
	
	

	There is an established model used to manage e-waste 
	
	
	
	
	

	There is an informal sector in e-waste management
	
	
	
	
	

	The informal sector in e-waste management is trained
	
	
	
	
	

	The imported ICTs are of low quality and substandard
	
	
	
	
	

	E-waste Reuse

	There are established centers that re-engineer e-waste for better products
	
	
	
	
	

	There are parts of e-waste that are still functional when discarding e-waste
	
	
	
	
	

	There are components on market that can be used to make e-waste better products
	
	
	
	
	

	There are products on market that have been reengineered from e-waste
	
	
	
	
	

	Reuse of e-waste helps to reduce dumping and miss management of e-waste
	
	
	
	
	

	Environmental Conservation

	There is dumping of e-waste in wetlands, water bodies, open ground and land filling
	
	
	
	
	

	The Environmental conservation bodies are doing their role to protect the environment
	
	
	
	
	

	There is sensitization of Ugandan about e-waste management
	
	
	
	
	

	There is significant contribution of e-waste to environmental degradation
	
	
	
	
	

	Other Contributors

	There is human settlement in wetland
	
	
	
	
	

	There is human activity like farming, forestry or brick making
	
	
	
	
	

	There is dumping of long term decomposing material
	
	
	
	
	




What do you think needs to be done to control e-waste to protect the environment?
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________



Thank you for being part of this research. May you be blessed.


[bookmark: _Toc22375731]
APPENDIX III:	STATISTICAL DATA ANALYSIS RESULTS
SD = Strongly Disagree, D= Disagree, NS= Not Sure, A=Agree, SA=Strongly Agree
	
	
	SD
	D
	NS
	A
	SA
	

	
	Methods used in disposing off of e-waste

	
	Burning of e-waste is practiced as a method of disposing off of e-waste
	13
	68
	2
	44
	15
	
	

	
	Burying of e-waste underground is used as a method 
	98
	2
	15
	20
	7
	
	

	
	There is shredding and recycling of e-waste done
	122
	14
	6
	0
	0
	
	

	
	Management of e-waste

	
	There are established e-waste collection centers
	0
	80
	57
	5
	0
	
	

	
	Waste is kept in houses as a method of managing e-waste
	0
	16
	19
	82
	25
	
	

	
	Recycling and shredding is used as a method when disposing off e-waste
	77
	40
	25
	0
	0
	
	

	
	Refurbishment method is used as a method of e-waste management
	12
	45
	20
	35
	30
	
	

	
	There are established laws governing e-waste management
	0
	1
	121
	20
	0
	
	

	
	There is an established model used to manage e-waste 
	65
	0
	77
	0
	0
	
	

	
	There is an informal sector in e-waste management
	0
	0
	31
	80
	31
	
	

	
	The informal sector in e-waste management is trained
	0
	2
	121
	19
	0
	
	

	
	The imported ICTs are of low quality and substandard
	10
	45
	62
	25
	0
	
	

	
	Environmental Conservation
	
	

	
	There is dumping of e-waste in wetlands, water bodies, open ground and land filling
	2
	13
	40
	67
	20
	
	

	
	The Environmental conservation bodies are doing their role to protect the environment
	50
	60
	25
	7
	0
	
	

	
	There is sensitization of Ugandan government about e-waste management
	132
	10
	0
	0
	0
	
	

	
	There is significant contribution of e-waste to environmental degradation
	0
	0
	82
	45
	15
	
	

	
	
	
	
	
	
	
	
	

	
	Other Contributors
	
	

	
	There is human settlement in wetland
	0
	30
	17
	60
	35
	
	

	
	There is human activity like farming, forestry or brick making in wetlands
	0
	0
	20
	112
	10
	
	

	
	There is dumping of long term decomposing material
	0
	2
	10
	122
	8
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